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PREFACE    TO    THE    SECOND    EDITION 


In  tliepreptmitioii  of  the  second  etlitioiiof  tlii.s  book  the  author 
has  made  no  ftitulutnentul  change  in  its  arranirement  or  8(*ope. 
Ail<litJons  and  chun^es  have  been  made  freely  throughout  the 
work,  with  the  ol)ject  of  keeping  the  presentation  of  the  svihjert 
nbrea^t  of  !he  times,  but  as  far  :is  po;*sihle  the  additions  liave  l>een 
counterbalanced  by  the  elimination  of  such  material  as  couhl  he 
HpnrtHl.  The  lK)ok  rem:iiti.s.  tlierefore.  of  practically  the  same 
MZ€'.  an  object  which  the  author  has  pur]>oseiy  kept  in  view,  since 
he  is  convinced  that  in  text-books  there  is  a  natural  tendency  to 
overexpunsion  winch  should  I)e  guarded  against  with  care.  New 
fiirureti  have  l^een  introduced  whenever  it  i^eemed  that  nn  rirtual 
improvemctil  could  l>e  effected  by  this  means. 

Hie  author  has  been  gratified  with  the  generous  approval 
acc<»rde<l  to  the  first  editi(»n  and  hopes  that  the  present  edition 
may  continue  to  find  favor  with  teachei-s  of  physiologA'  and  medical 
students,  ;ls  well  as  among  physicians  who  may  feel  the  neeti  of 
keeping  themselves*  in  touch  with  the  progress  of  physiology.  There 
arc,  in  fact,  man3*  indications  that  the  physiological  flifle  of  mc(li- 
r'me  Ls  likely  to  wceive  a  fuller  recognition  than  has  been  given 
to  it  in  the  recent  pa.*^t.  Meilical  schools  are  providing  cotntseM  in 
experimental  pat  h(»log\'  and  mi  rgery .  subj(»cts  in  which  physiological 
methods  and  training  are  all  important,  and  in  clinical  medicine 
al«o  it  in  t>eroming  evident  that  the  methods  of  physiological 
ex|}erinieu(ation  and  the  application  of  physiological  discoveries 
arc  of  practical  value  in  <liagnosis  as  well  as  in  investigation.  No 
one  doubts  that  amitomy.  physi<tlogy.  and  pathology,  using  the.^ 
t«rms  in  a  broad  sense,  constitute  the  basis  upon  whicli  a  rational 
system  of  me<l!cine  must  Ikj  cons1ructe<J.  but  it  would  seem  thai, 
in  this  country  at  le:uit,  the  clinicians  have  failed  to  make  fidl  use 
of  the  material  offere*!  to  them  l>y  the  subject  of  physiologj'. 
Some  explanation  of  this  neglect  ia  found  in  the  fact  that  the 
phvKiolo^sIs  themselves,  not  being  practitioners,  have  no  good 
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opportunity  to  enforce  the  practical  applications  of  their  subject. 
According  to  the  division  of  labor  existing  in  medicine  to-day  it  is 
the  main  duty  of  the  physiologist  to  till  his  own  field,  and  to  the 
clinician  and  practising  physician  belong  the  responsibility  and 
the  opportunity  of  utilizing  the  results  thus  obtained  by  giving 
them  their  practical  application  to  diagnosis  and  treatment.  It 
is  gratifying  to  find  that  the  attention  of  the  clinicians  is  being 
directed  more  to  this  side  of  the  subject.  Without  doubt  this 
tendency  will  serve  to  emphasize  to  the  student  the  importance 
of  a  sound  training  in  the  physiological  sciences. 
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In  the  preparation  of  this  book  the  author  has  endeavored  to 
keep  in  mind  two  guiding  principles:  first,  the  importance  of 
simplicity  and  lucidity  in  the  presentation  of  facts  and  theories; 
and,  second,  the  need  of  a  judicious  limitation  of  the  material 
selected.  In  regard  to  the  second  point  every  specialist  is  aware 
of  the  bewildering  numl)er  of  researches  that  have  been  and  are 
being  published  in  physiology'  and  the  closely  related  sciences,  and 
the  difficulty  of  justly  estimating  the  value  of  conflicting  results. 
He  who  seeks  for  the  truth  in  any  matter  under  discussion  is  often- 
times forced  to  be  satisfied  with  a  suspension  of  judgment,  and 
the  writer  who  attempts  to  formulate  our  present  knowledge 
upon  almost  any  part  of  the  subject  is  in  many  instances  obliged 
to  present  the  literature  as  it  exists  and  let  the  reader  make  his 
own  deductions.  This  latter  metho<l  is  doubtless  the  most  satis- 
f&ctor>'  and  the  most  suitable  for  large  treatises  prepared  for  the 
use  of  the  specialist  or  advanced  student,  but  for  beginners  it  is 
absolutely  necessary  to  follow  a  different  plan.  The  amount  of 
materia]  and  the  discussion  of  details  of  controversies  must  be 
brought  within  reasonable  limits.  The  author  must  assume  the 
responsibility  of  sifting  the  evidence  and  emphasizing  those  con- 
clusions that  seem  to  he  most  justified  by  experiment  and  obser- 
vation.  As  far  as  material  is  concerned,  it  is  evident  that  the 
selection  of  what  to  give  and  what  to  omit  is  a  matter  of  judg- 
ment and  experience  upon  the  part  of  the  writer,  but  the  present 
author  is  convinced  that  the  necessary  reduction  in  material 
should  be  made  by  a  process  of  elimination  rather  than  by  con- 
densation. The  latter  method  is  suitable  for  the  specialist  with 
his  background  of  knowledge  and  experience,  but  it  is  entirely 
unfitted  for  the  elementary'  student.  For  the  purposes  of  the 
latter  brief,  comprehensive  statements  are  oftentimes  misleading, 
or  fail  at  least  to  make  a  clear  impression.  Those  subjects  that 
are  presented  to  him  must  be  given  with  a  certain  degree  of  full- 
ness if  he  is  expected  to  obtain  a  ser\*iceable  conception  of  the 
factfl,  and  it  follows  that  a  treatment  of  the  wide  subject  of  physi- 
ology is  possible,  when  imdertaken  with  this  intention,  only  by 
the  adoption  of  a  s>'stem  of  selection  and  elimination. 

The  fundamental  facta  of  physiology,  its  principles  and  modes 
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of  reasoning  are  not  difficult  to  understand.  The  obstacle  that 
is  most  frequently  encountered  by  the  student  lies  in  the  com- 
plexity of  the  subject, — the  large  number  of  more  or  less  dis- 
connected facts  and  theories  which  must  be  considered  in  a  dis- 
cussion of  the  structure,  physics,  and  chemistry  of  such  an  intri- 
cate organism  as  the  human  body.  But  once  a  selection  has  been 
made  of  those  facts  and  principles  which  it  is  most  desirable  that 
the  student  should  know,  there  is  no  intrinsic  difficulty  to  prevent 
them  from  being  stated  so  clearly  that  they  may  be  comprehended 
by  anyone  who  possesses  an  elementary  knowledge  of  anatomy, 
physics,  and  chemistry.  It  is  doubtless  the  art  of  presentation 
that  makes  a  text-book  successful  or  unsuccessful.  It  must  be 
admitted,  however,  that  certain  parts  of  physiology,  at  this  par- 
ticular period  in  its  development,  offer  peculiar  difficulties  to  the 
writers  of  text-books.  During  recent  years  chemical  work  in  the 
fields  of  digestion  and  nutrition  has  been  very  full,  and  as  a  result 
theories  hitherto  generally  accepted  have  been  subjected  to  crit- 
icism and  alteration,  particularly  as  the  important  advances 
in  theoretical  chemistry  and  physics  have  greatly  modified  the 
attitude  and  point  of  view  of  the  investigators  in  physiology. 
Some  former  views  have  been  unsettled  and  much  information 
has  been  collected  which  at  present  it  is  difficult  to  formulate  and 
apply  to  the  explanation  of  the  normal  processes  of  the  animal 
body.  It  would  seem  that  in  some  of  the  fundamental  problems 
of  metabolism  physiological  investigation  has  pushed  its  experi- 
mental results  to  a  point  at  which,  for  further  progress,  a  deeper 
knowledge  of  the  chemistrj^  of  the  body  is  especially  needed.  Cer- 
tainly the  amount  of  work  of  a  chemical  character  that  bears  di- 
rectly or  indirectly  on  the  problems  of  physiology  has  shown  a  re- 
markable increase  within  the  last  decade.  Amid  the  confficting 
results  of  this  literature  it  is  difficult  or  impossible  to  follow  always 
the  true  trend  of  development.  The  best  that  the  text-book  can 
hope  to  accomplish  in  such  cases  is  to  give  as  clear  a  picture 
as  possible  of  the  tendencies  of  the  time. 

Some  critics  have  contended  that  only  those  facts  or  conclu- 
sions about  which  there  is  no  difference  of  opinion  should  be  pre- 
sented to  medical  students.  Those  who  are  acquainted  with 
the  subject,  however,  understand  that  books  written  from  this 
standf>oint  contain  much  that  represents  the  uncertain  compromises 
of  past  generations,  and  that  the  need  of  revision  is  felt  as  fre- 
quently for  such  books  as  for  those  constructed  on  more  liberal 
principles.  There  does  not  seem  to  be  any  sound  reason  whj'^  a 
text-book  for  medical  students  should  aim  to  present  only  those 
conclusions  that  have  crystallized  out  of  the  controversies  of  other 
times,  and  ignore  entirely  the  live  issues  of  the  day  which  are 
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of  80  much  iatefeet  and  importance  not  only  to  physiolog>*,  liut 
to  ftll  branches  of  medicine.  With  this  idea  in  mind  the  author 
has  endeavore<l  to  make  the  student  realize  that  phj'siology  is  a 
^nt>wing  subject,  continually  widening  its  knowledge  and  read- 
justing lis  theories.  It  is  important  that  the  student  should 
grasp  this  conception,  because,  in  the  first  phice,  it  is  true;  and, 
in  the  second  place,  it  may  save  him  later  from  disappointment 
and  distrust  in  science  if  he  recognizes  that  many  of  our  conclu- 
sions are  not  the  final  truth,  but  provisional  only,  representing 
the  best  that  can  >>e  done  with  the  knowledge  at  our  command. 
To  emphasize  this  fact  as  well  as  to  add  somewhat  to  the  interest 
of  the  reader  short  historinil  rtsum^s  have  been  introduced  from 
time  to  time,  although  the  question  of  space  alone,  not  to  men- 
tion other  considerations,  hiis  prevented  any  extensive  use  of  such 
material.  It  is  a  feature,  however,  that  a  teacher  might  develop 
with  profit.  Some  knowledge  of  tlie  gradual  evolution  of  our 
present  beliefs  is  useful  in  demonstrating  "fhe  enduring  value  of 
ex|)erimental  work  as  compared  with  mere  theorizing,  and  also  in 
engendering  a  certain  appreciation  and  respect  for  knowledge 
that  has  been  gained  so  slowly  by  the  exertions  of  successive 
generations  of  able  investigators. 

A  word  may  be  said  regar».ling  the  references  to  literature 
inserted  in  the  book.  It  is  perfectly  ob\nou3  that  a  conijjlete 
or  approximately  complete  bibliography  is  neither  appropriate 
nor  useful,  however  agreeable  it  may  Ije  to  give  every  worker  full 
recognition  of  the  results  of  his  labors.  But  for  the  sake  of  those 
who  may  for  any  reason  wish  to  follow  any  particiJar  subject 
more  in  detail  some  references  have  lxM?n  given,  and  these  have 
been  selected  usually  with  the  idea  of  citing  those  works  which 
themselves  contain  a  more  or  less  extensive  discuflsion  and  litera- 
ture. Occasionally  also  references  have  l>een  made  to  works  of 
historical  importance  or  to  separate  papers  that  contain  the  experi- 
mental evidence  for  some  special  view. 
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PHYSIOLOGY. 


SECTION  I, 

THE  PHYSIOLOGY  OF  MUSCLE  AND  NERVE 


CHAFFER  I. 
THE  PHENOMENON  OF  CONTRACTION. 

The  tissues  in  the  mammalian  body  in  which  the  property  of 
contractility  has  been  developed  to  a  notable  extent  are  the  mus- 
cular and  the  ciliated  epithelial  cells.  The  functional  value  of  the 
muscles  and  the  cilia  to  the  body  a«  an  organiism  dejx^nds,  In  fact, 
upon  the  special  development  of  this  property.  The  muscular 
tif^ues  of  the  l>ody  fall  into  three  large  groups,  considered  from 
either  a  histological  or  afunctional  stand  jx>int. — namely,  the  striated 
skeletal  muscle,  the  striate*!  cardiac  mviscle,  and  the  plain  muscle. 
Tliese  tissues  exhibit  certain  marked  differences  in  properties  which 
are  described  farther  on.  In  each  group,  moreover,  there  are 
certain  minor  differences  in  iJtructure  which  are  associated  uith 
differences  in  properties;  thus,  skeletal  muscle  from  different  re- 
gions of  the  same  animal  may  .show  variation.**  in  properties, — for 
instance,  in  the  rapidity  of  contraction;  and  similar,  perhaps  more 
marked  differences  are  obsened  in  the  plain  muscular  tissue  of 
various  organs.  The  muscular  tissues  from  animals  belonging  to 
different  classes  exhibit  naturally  oven  wider  variations  in  proj>er- 
ties,  and  these  differences  in  some  cases  are  not  associated  with 
visible  variations  in  structure. 
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THE  PHYSIOLOGY  OF  UUSCLE  AND  XERVE. 


THE  PHYSIOLCXJY  OF  SKELETAL  MUSCLE  TISSUE. 
This  tissue  makes  up  the  essential  part  of  the  skeletal  muscles  by 
means  of  wliich  our  vohuitan-  movemeuts  art'  efTected.  Earh  muscle 
fiber  arises  from  a  single  cell  and  in  its  fully  developed  condition 
may  be  regartled  as  a  multinucleiir  giant  cell.  It  is  inclosed  entirely 
in  a  thin,  strucluroless,  elastic  membrane,  the  sarcolemma.  The 
material  of  the  fiber  is  supposed  to  be  semiHuid  or  viscous  when 
in  the  living  condition;  it  is  designated  in  general  as  the  muscle 
plasma. 

There  is  on  record  an  interesting  observation  bv  Kiihne*  which  seems 
to  demonstrate  the  fluid  nature  of  the  li\nng  muscle  substance.  He  hap- 
pened, un  one  occasion,  to  find  a  frog's  mnscle  fiber  containing  a  nematoae 
wonn  within  the  sarcolemmA.  The  animal  swam  readily  from  one  end  of 
the  fiber  to  the  other,  pushing  aside  the  crosH  band?,  which  fell  into  place 


Fitt.  1. — A  rro««-«ectior»  of  muacle 
fiber  of  ri%bl>ii.  The  buiiiJIft*  of  fibhla  aie 
dikrk;  the  mten'rnmg  small  luuouut  of 
urcopUam  b>   repreMDWd    by  the  elear 

B  pMMB.— (  KMlilnfT.  ) 


Vig.  J. — (.To^-e«ci  iun  of  t*ro  musd* 
fibmi  of  the  Hy:  Ma,  The  columna  of 
bbrila:  Sp,  the  flarcopLiani.— (ScAifl/fcr- 
tUeJur,) 


BfTiun  after  the  animal  had  passed.  At  one  end.  whore  the  fih<>r  had  been 
injured,  the  worm  was  unable  to  force  its  wav.  The  muscle  substance  at 
this  point  was  dead  and  apparetitly  had  pfisaed  into  a  solid  c»>ndition.  The 
fact  that  the  cross  bands  were  dif^placed  only  temporarily T)y  the  movement 
imd  fell  finck  into  their  normal  position  would  inaicat«  that  they  may  hftve 
a  more  solid  structure. 


Disregarding  the  nuclei,  the  muscle  plasma  consist-s  of  two 
different  stnicturos:  the  fil»rils,  which  are  long  and  thread-like  and 
run  the  length  of  the  fiber,  and  the  intervening  sarcopla^m.  The 
fibrils  consi.st  of  alternating  dim  and  light  discs  or  segments,  which, 
falling  together  in  the  different  (ibrils,  give  the  cross-striation 
that  ifi  rharacteiistic.  In  nuimrualiau  muscles  the  hbriLs  arc  grouped 
more  or  less  distinctly  into  bundles  or  columns,  between  which  lies 
the  scanty  sarcopla.sm.  The  relative  amount  of  sarcoplasni  to 
fibrillar  substanre  varies  greatly  in  the  striped  muscles  of  different 

*  KUhne,    'Archiv  fur  pulhologische  .\uatomie, "  26,  222,  I8G3. 
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es  ift  indicated  in  the 


illustrations.    The 
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acconipai 

evidence  from  romparative  physiolo^-  indicates  tfuit   the  fibrila 
Are  the  contractile  element  of  the  til)er.  while  the   ^arcoplasni.  it 
may  be  jissuined.  posst\s.ses  a  f^^eneral  niiliitive  function.    Com- 
parative   hiistolopy    suggests    that     in    thL* 
fibrils  we  pofiBsess,  so  to  speak,  a  mechanism 
odaptetj  to  rapid  contraction,  and  that  the 
|)erfi*(t ion   nf   the   niw'hanisni — tliat   is,   the 
rapidity  of  the  contraction —i^  pm|K>rtionaI 
to  the  ulearness  of  the  cross-striation.     The 
fibril,   moreover,  shows  two  kinds  of  sub- 

tee»  the  alternating  dim   and  liglit  sub- 

UH.%  and  these  two  materials  arc  obviously 
difTerent  in  physical  structure  as  wen  by 
onlinar>'  light.  Wlien  examined  by  polarized 
Ught  this  difference  becomes  more  evident, 
for  the  dim  sid>stance  possesses  the  projxTty 
of  double  rcfractittn.  When  the  nuiscle  fil>er 
L*  placed  between  crossed  Nicol  prisms 
the  dim  bands  appear  bright,  while  the 
light  bands  reniain  dark,  as  is  shown  in 
Fig.  3.  From  this  standpoint  the  material 
of  the  light  bands  in  the  normal  fibrils  is 
sjMJken  of  as  isotropotts,  while  the  dim  bands 
an?  anisolropons.  The  anisotropic  material 
of  the  dim  bands  is  conipOK'd  of  doubly 
refracting  positive  uniaxial  particles,  and 
Kngelmann  has  shown  that  such  particles 
may  be  diseovere<l  in  all  contractile  tissuciJ. 
The  inference  made  by  him  is  that  this 
anisotropic  sid>stance  is  the  contractile 
iterial  in  the  protoplasm,  the  machinery*, 

to  speak,  through  which  iti^  shortening 
If  lUComplL'^hed.  In  the  striaterl  fiber  this 
Conclusion  is  sup[)orted  by  the  fact,  repre- 
fvnteii  in  Fig.  A,  That  during  contraction 
liquid  passes  from  the  isotropoiis  (light)  Ymnd 
into  the  anisotro(wius  (dim)  band.* 

The    Extensibility    and   Elasticity   of 
Muscular  Tissue.— The  muscular   tissue  when   acted    upon   by 
a  wcijrht  extemis  quite  readily,  and  when  the  weight  is  removed 
it    regains   its   original   form  by  virtue  of  its  elasticity.     In  our 
bodici)  the  muscles  stretched  from  l)one  to  Ixine  are,  in  fact,  in 

•  BifidcmiAnn,  "Electro-phywology,"  vol.  i,  tnuultitcd  by  W'elby,  and 
E&g»lmiuin,  "Archiv  fur  dip  ireHuiuiite  rhysiolagie/'  18,  1. 


Kuc.  3.— To  show  the 
aplicsrmncc  uf  the  ilirti 
(iiniiuitn>|»c)  and  light 
(boiropic)  band^  til  rc^i 
and  in  ron tract iun,  a»  r^cn 
by  unlinary  and  by  |H)lar- 
immI  liKtit.  The  liKure  rap- 
re*«nM  u  niii-*«io  liber 
(li^lle)  ill  which  the  lower 
IHjrficin  l>n.«  Irf^ii  hird  in  a 
r(int)iti(*»olci)iitracUuu. — 
[/Ctif^tmonn.) 
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a  state  of  elastic  toasion.  If  a  muscle  is  sevprpfl  l>v  an  incision 
across  its  belly  the  rnds  retract.  The  extensibility  and  elasticity 
of  the  muscles  add  ti>  the  effectiveness  of  the  nniseular-skeletal 
raachinerj'.  A  muscle  that  is  in  a  state  of  elastic  tension  eon- 
tracts  more  promptly  and  more  effectively  for  a  given  stimu- 
lus than  one  which  is  entirely  relaxed.  Moreover,  in  our  joints 
the  arrangement  of  antagonist's — flexors  and  exteasora — is  such 
that  the  contraction  of  one  moves  the  bone  against  the  pull  of 
the  extensible  and  elastic  antagonist.  It  would  seem  that  the 
movements  of  the  skeleton  must  gain  much  in  smoothness  and 
delicacy  l)y  this  arrangement.  The  physical  advantages  of  the 
extensibility  and  elasticity  of   muscular  tissue   are  evident  not 


f^,  4, — fl,  Cur\-e  of  i»5ctenMon  nl  n  rubbrr  band,  to  !>how  tb«  •■juiil  t-MeuMMii- 1 

IneremBnt-s  of  Wright.     The  bimil  had  &n  inittui  loo^l  of  17  cms.,    and  this  «a^  u 

by  incn>mcntt  nf  -t  (rm«.  in  each  of  ilie  nine  extcn^iion*.  the  fin«I  Imid  being  44  pixt.  1  lu- 
lino  joiiiintt  the*  end*  of  the  ordmntef.  is  h  Atraisht  litif.  6.  (^une  .if  extension  of  &  iruji  a 
ntu^cle  dpMirijciiemiu").  The  initial  loiul  mid  the  increiiionl  uf  himkUi  wer*  the  eamean  with 
the  rublier.  The  curve  shows  ft  dccrea&nc  extension  for  oquiil  increiuetita.  The  Un«  join- 
ing the  ends  of  the  onUaat«s  la  euni-«d. 
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only  in  the  contractions  of  our  voluntar>-  muscles,  but,  as  we  shall 
see.  inastriking  way  alsoin  ihecircMilation.  in  whirh  the  force  of  the 
heart  beat  is  .stoa^d  and  economically  distributed,  as  it  were,  by 
the  elastic  tension  of  the  distended  arteries.  The  extensibility  of 
muscular  tissue  has  lxM>n  studied  in  comparison  with  the  extensi- 
bility of  dead  ela.'^tic  bodies.  With  regard  to  the  latter  it  is  known 
that  the  strain  that  ihe  body  undergoes  is  proportional,  within  the 
limits  of  eliLstii-ity,  to  tiie  stre.ss  put  upon  it.  If,  for  instance, 
weights  are  attached  to  a  rublx*r  baml  suspended  at  one  end 
tlic  amoimt  of  extension  of  the  band  will  l>e  directly  proportional 
to  the  weights  use<i.  If  the  extensions  ore  measured  the  relation- 
ship may  be  represented  as  shown  in  the  accompanying  figiircj 
the  equal  increments  in  weight  being  indicated  by  laying  off  eqtial 
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dktances  on  the  abscijvsa,  and  tho  resulting  extensions  by  the 
height  of  the  ordinate^  (.Iropped  from  each  point.  If  the  ends  of 
the  ordinate?  are  joine<l  I  he  result  is  a  straight  line.  When  a 
fdrnilar  exix.'riiuent  h  made  with  a  living  niusele  it  is  found  that 
the  ext^n>ion  is  not  projKirtional  to  the  weight  ust.'il.  The  amount 
of  e-\tension  is  greatest  in  the  begiiming  antl  deereai>es  propor- 
tionately with  new  increments  of  weight.  If  the  rci^uHs  of  Much 
an  experiment  are  plotted,  as  alx)ve,  representing  the  e<jual  incre- 
mentvS  of  weight  by  etpial  distances 
along  the  abscissa  and  the  resulting 
extensions  by  ordinate's  tlmpj>ed  from 
tbefic  pointiii,  then  uptm  joining  the 
emis  of  tho  onlinatcs  we  obtain  a  curve 
concave  to  the  absci^^pa.  At  first  the 
miisck!  shows  a  relatively  large  cxten- 
fdoQ,  but  the  effect  becomes  less  and 
Iftss  with  ejich  new  inerement  of  weight, 
the  curve  at  the  end  apprnaching  slowly 
to  a  horizontal.  If  the  weight  is  in- 
preft.se<l  until  it  is  suHioient  to  overcome 
the  elasticity  of  the  muscle  the  curve 
is  altcretl — it  l>ecomcs  convex  to  the 
ab8ci.«^sa.  or,  in  other  word**,  the  amount 
of  extension  increases  with  increasing 
increment's  of  weight  up  to  the  ]>oint 
of  rupture*  as  Lh  shown  in  the  accom- 
panying cur\'e*  (Fig.  5).  Haycraftf 
calls  attention  to  the  fact  that  under 
normal  comlitions  the  physiological 
ext«a<uoa  of  the  frog*s  muscles  in  the 
body  is  equal  to  that  produced  by  a 
weight  of  10  to  15  gms,,  and  that 
when  the  excised  muscle  is  extende<l 
by  weights  below  this  limit  it  follows 
the  law  of  deati  elastic  bodies,  giving 
equal  extensions  for  equal  increments 
of  weight.  It  is  only  after  passing  this  hmit  that  the  law  stated 
above  holds  good.  It  shoidd  l>e  added  also  tliat  the  amount  of 
extension  exhibited  by  a  muscle  or  other  living  tissue  placed 
under  a  stress  varies  with  the  time  that  the  stn?ss  is  allowed 
to  act.  The  muscle  is  composed  of  viscous  material,  ami  yields 
slowly  to  the  force  acting  ujwn  it.  In  ex|)eriment8  of  this  kind, 
therefore,  the  weights  should  be  allowed  to  act  for  equal  intervals 

•  Sep  Mftpey,  "Du  mouvemenl  duas  lea  fondiona  dc  la  vie,"  1868,  p.  2a4. 
t  HftyenJt,  ''Joitmul  of  Phygiology."  31,  392,  1904. 


Pig.  A.— Curve  fivm  by 
Man-y  ui  show  tlic  eUoct  upon 
Uip  fvtrnMon  of  muMlv  muMd 
by  litrrAOfijnc  Oi«  load  rrcularty 
to  111*  |x>iitt  of  rupture:  Frmn 
o  u>  u  ihr  eiten«ion  of  iha 
muMrlv  fk^rrpaw*  a«  t)»«  wcictit 
irrreawift,  civinca  mrvcconrave 
to  itif)  ali«H^Ha,  OS ;  at  a  the 
Jmiit  ol  elanliciiy  i«  (uuMrd  aiiil 
the  iniiscit*  leriKtlirti»  by  iii< 
erraitiiiff  rxtvniuuni*  for  *<]uikl 
incremetits :  at  r  ruptunp  (730 
Vnu.  for  rro('«  gBAtrucueauus). 
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of  time.     It  has  been  sIidwii  Hiiil  the  extensil>ility  of  a  muscle "5" 
greater  in  the  r-ontraeted  tKan  in  the  resting  state. 

The  cun'e  of  i'xtension  tloseril>ed  above  for  skeletal  muscle 
holds  al-Mo  for  si>callecl  plain  muscle.  Tliis  latter  tissue  forms  a 
portion  of  the  walls  of  the  various  viscera,  the  stomach,  bladder, 
uterus.  bl<x)d-vessels,  etc.,  and  the  facts  sliown  by  t!)e  above  curve 
enter  frequently  into  the  explanation  of  the  physical  phenomena 
exhibited  by  the  viscera.  For  instance,  it  follows  from  this  cur\e 
that  the  force  of  the  heart  beat  will  cause  less  expansion  in  an 
arter>'  alrea.tly  distended  by  a  high  blood-pressure  than  in  one  in 
which  the  Idooi [-pressure  is  lower. 

The  Irrilability  and  Contractility  of  Muscle. — Under  normal 
conditioas  in  the  body  a  muscle  is  made  to  contract  by  a  stimulus 
recei\'ed  from  the  central  nervous  system  through  its  motor  nen'e. 
If  the  latter  \s  severed  the  muscle  is  paralyzed.  We  owe  tu  Haller, 
the  great  physiologist  of  the  eighteenth  centun;,  the  proof  that 
a  muscle  thus  Isolated  can  still  Ix*  made  to  contract  by  an  artiiicial 
stinmlus — e.  g.^  an  electrical  shock — applied  directly  to  it.  This 
significant  discover^- removed  from  physiology  the  old  and  harmful 
idea  of  animal  spirits,  which  were  supposed  to  he  generated  in  the 
central  nervous  system  and  to  cause  the  swelling  of  a  muscle  during 
contmction  by  flowing  to  it  along  the  comiecting  nerve.  But  to 
remove  a  muscle  from  the  botly  and  make  it  contract  by  an  artificial 
stiuntlus  dtM's  not  prove  that  tiie  muscle  substanee  itself  is  capable 
of  beijig  acted  upon  )>y  the  stimulus,  since  in  such  an  experiment 
the  endings  of  the  nene  in  the  muscle  are  still  intact,  and  it  may 
be  that  the  stimulus  acts  only  on  them  and  thus  affects  the  muscle 
indirectly.  In  a  numlx^r  of  ways,  however,  physiologists  have 
found  that  the  muscle  substance  can  be  made  to  contract  by  a 
stinnihiK  a])plieil  tlirectly  to  it,  and  therefore  exhibits  what  is 
known  as  indejicndent  irrilability.  The  term  irritability,  according 
to  mofleni  usage,  means  that  a  tissue  can  Im?  made  to  exhibit  its 
peculiar  form  of  functional  activity  when  stimulated, — e.  g.,  a 
muscle  cell  will  rontr.ict.  a  glaml  cell  will  secrete,  etc., — and  inde- 
pendent irritability  in  the  case  under  consideration  means  simply 
that  the  muscle  gives  its  reaction  of  contraction  when  artificial 
stimuli  are  applied  directly  to  its  substance.  This  conception 
of  irritability  was  first  introduced  by  Francis  Clliason  (1597-1677). 
a  celel>rated  KngUsh  phy.sician.*  Subsequent  writers  frequently 
used  the  tenn  as  synonymous  with  contractility  and  as  applicable 
only  to  the  muscle.  But  it  is  now  used  for  all  Uving  tissues  in 
the  sense  here  indicated.  A  simple  proof  of  the  independent 
irritability  of  a  .^^triated  muscle  is  obtained  by  cutting  the  motor 
nerve  going  to  it  and  stimulating  the  muscle  after  several  days. 
*Sce  Foster's  "  History  of  Pliysiology,"  p.  287. 


IE   PHENOMENON   OP   CONTRACTION. 


I 


We  know  now  that  iti  the  course  of  several  days  the  severed  nerve 
fibers  degenerate  coiiipletely  down  to  their  tcmunutions  in  the 
muscle  fibers,  and  t}u'  muscle,  thus  freed  fn)in  its  nen'e  fibers  by 
the  process  of  degeneration,  can  still  I>e  niade  to  roiitraet  by  an 
artificial  stimulus.  1'he  classical  prooi  of  the  indci>endent  irri- 
tability of  muscle  fibers  was  given  by  Claude  I^mard,  the  great 
Frrtich  physiologist  of  the  nineteenth  centur>'.  He  made  use 
of  the  so-called  arrow  poLson  of  the  South  American  Indians. 
This  substance  or  mixture  of  substances  is  known  generally  under 
the  name  curare;  it  is  prepared  from  the  juices  of  several  plants 
(gtrychnos)  (Thorpe).  The  poisonoas  part  of  the  material  is  soluble 
in  water,  and  licniard  showed  that  when  such  an  extract  is  injected 
into  the  bloo<l  or  hypo<:lermically  it  paralyzes  the  motor  nen'es 
at  their  peripheral  end,  so  that  direct  stimulation  of  these  nerves 


-f 


i  iK.   6.-1                                                               r    rtb>^ii>[tjKi^al  [m:  Keymond 

!m):   A,    1                                                          liiry  C'lil:    t'*,  Im,  :  U  are  at- 

th*  wiri-                                                          '  I'd  with  the  eixt'-  --i  ■  img  fiosls 

MfUMCtinc  Willi  ciiiia  uf  c«>U  is,  lUnnitiii  wliirti  tlie  induclina  current  la  Uiil  oQ,  *>,  the  alide, 

with  aOftltf,  in  whicti  cml  B  la  moved  to  nltct  ila  tiifilaiioe  frum  .1. 


B     is  ii 


is  ineffective.     Direct  stimulation  (rf  the  muscle  substance,  on  the 

trar>',  causes  a  coutmclion.* 

Artificial  Stimuli. —If  we  designate  the  stimulus  that  the 
muflcle  receives  nonnally  from  its  ner\'e  as  its  normal  stimulus, 
all  other  forms  of  energy  which  may  be  used  to  start  its  contraction 
may  be  groujxHl  imder  the  designation  artificial  stimuli.  Experi- 
ments have  shown  that  a  contraction  may  be  arousei-l  by  mechanical 
Rtimuli. — for  instance,  Ijy  a  sharj)  blow  applied  to  the  muscle;  by 
thermal  stimuli, — that  is,  by  a  stidden  change  in  temperature;  by 
chemical  stimuli,— for  example,  by  the  action  of  concentrated  solu- 
tioQAof  salts,  and  finally  by  electrical  stimuli.  In  practice,  however, 
only  the  last  form  of  stiniTilus  is  foimd  to  Ix?  convenient.  The 
mechanical  and  thermal  stimuli  cannot  be  well  applied  without  at 
the  same  time  injuring  the  muscle  substance,  and  the  f^ame  is  prob- 
ably true  of  chemical  stimuli,  which  jx^ssess  the  disadvantage,  more- 
0%'er,  of  not  exciting  simultaneously  the  different  fibers  of  which  the 

*  'Lecoiu  HUT  leM  «ffel«  dee  substiuicoA  toxiques  el  lu^canicuttiuaea, " 
MiS7,  pp.  23&  et  Mq. 
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muscle  is  composed.  Electrical  stimuli,  on  the  contrary,  are 
applied  easily,  are  readily  controlled  as  regards  their  intensity,  antl 
^ect  all  the  fibers  simultaneously,  thus  giving  a  co-ordinated 
contraction  of  the  entire  bundle,  as  is  the  case  with  the  normal 
stimulus.  For  electrical  stimulation  we  may  use  the  galvanic 
current  taken  directly  from  the  battery,  or  the  induced  or  s»>-calle<i 
faradic  current  obtained  from  jui  induction  coil.  Under  most 
conditions  the  latter  is  more  convenient,  since  it  gives  brief  shocks, 
the  strength  and  number  of  which  can  be  controlled  readily.  The 
form  in  which  this  instrument  is  used  in  experimental  work  in 
physiology  we  owe  to  da  Bois-Reymond  (1849-);  hence  it  is 
frequently  known  as  the  du  Bois-Revmond  induction  coil.     Experi- 


FSc- 7.— Brfietn*  of  induction  appanilas. — (LonOnrd.)  b  reprD^nia  the  cnlvanls 
battery  eoaoMtvd  by  wires  to  the  prunwy  coU,  A.  On  the  course  of  one  of  tliese  xnnm 
im  m,  k»y  (k)  to  make  uid  bremk  the  current.  0  ithowg  the  iirim-iple  >if  the  *«c<tfiiiary 
mil,  anri  the  connection  of  its  two  enda  with  the  nerve  of  a  cerve-inusrlc  preparation. 
When  the  batterv  current  is  chystai  (it  made  in  A,  n  brief  current  of  hiuh  intensity  is 
induced  in  B.  This  is  known  bs  the  makins  or  cloMng  ah<ick.  When  the  battery  current 
H  broken  in  A,  sk  i*econd  brief  icductioa  current  is  aroused  in  B.  This  is  known  aa  tb* 
breaking  or  opening  abock. 

mental  physiology  owes  a  great  deal  to  this  simple  and  serviceable 
instrument.  A  figure  and  brief  description  of  the  apparatus  Ls 
appended  (Figs.  6  and  7). 


SIAPLE  CONTRACTION  OF  MUSCLE. 

Experiments  may  be  made  upon  the  muscles  of  various  animals, 
but  ordinarily  in  phy'^i^^logical  laboratories  one  of  the  muscles 
(gastrocnemius)  of  the  hind  leg  of  the  frog  Ls  employed.  If  such 
a  muscle  is  isolated  and  connected  with  the  terminals  from  an 
induction  coil  it  may  be  stimulated  by  a  single  shock  or  by  a  series 
of  rapidly  repeated  shocks.  The  contraction  that  results  from  a 
single  stimulu.s  is  designated  as  a  simple  contraction.  lu  tlic  frog's 
muscle  it  is  very  brief,  lasting  for  0.1  second  or  less;  but  in  tliis, 
as  in  other  respects,  crosji-striated  muscular  tissue  varies  in  different 
animals,*  as  is  shown  by  the  accompanying  table,  wliich  gives  au 
idea  of  the  range  of  rapidity  of  contraction. 

♦  Cflflh,  "Archiv  f.  Anat.  u.  Physiol./'  1S80,  suppl.  volume,  p.  147. 
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DITIATION  OF  A  SIMPLE  MrSCULAR  CONTRACTION. 

Insect 0.(X)3  sec. 

Rahhil  iMarey) 0.070     " 

Frog O.iOO     ** 

Terrapin 1.000     " 

The  series  may  be  continued  by  the  figures  obtained  from  the 
plain  muscle,  thus: 

The  involuntary  muscle  (manunal) 10.00 

Fool  muscle  of  f»lug*  (Arioliniox) 20.00 

There  Ls  reason  to  believe  that  the  rapi*lity  of  contraction  is  re- 
lated to  the  distinctness  of  the  croKs-.striation.  This  is  indicated 
by  the  prnp»erties  of  the  so-called  red  and  pale  muscles  that  occur 
in  some  animals — the  rabbit,  for  instance.  The  pale  nuiscles  con- 
inwrt  much  more  rapidly  than  the  red  ones,  and  corresponding  with 


f^  8.^-Curve  of  umple  muscular  coutnuction. 


tUi  Caotii  i»  found  that  the  cross-striation  is  more  distinct  in  the 
fonner.  As  was  explained  above,  the  active  agent  in  contraction 
1*1  contained  in  the  dim  hands  of  the  fibers,  and  the  more  highly 
difF<'n'ntiate<i  this  structure  lx»comes  the  more  perfect  apparently 
i»  il-9  work  as  a  mechanism  for  shortening.  According  to  Cash,  the 
duration  of  contraction  of  the  soleus  muscle  (red)  in  rabbits  is  one 
second,  while  that  of  the  gastrocnemius  medialis  (white)  is  only 
0.25  second. 

The  Curve  of  Contraction. — When  a  contracting  muscle  is 
fcltached  tu  a  lever  this  lever  nmy  Ix*  made  to  vmie  upon  a  smoked 
surface  and  thus  record  the  movement,  more  or  less  magnified 
acconling  to  the  leverage  cha«en.  If  the  recording  surface  Is  sta- 
tionary tlie  record  obtained  is  a  straight  line  and  intlicates  only  the 
extent  of  the  short  tuning.  If,  however,  the  n-conling  surface  is  in 
movement  during  the  contraction  the  reconi  will  be  in  the  form  of  a 
curve, which. making  use  of  the  system  of  right-angled  co-ordinates, 
•  CjirlMMi.  "American  Journal  of  Phywology,"  10.  418.  1904. 
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svil!  indicate  not  otily  the  full  extent  of  the  shortening,  but  also 
the  amount  of  shortening  or  subscLjuent  relaxation  at  any  moment 
durin<;  the  entire  period.  To  obtain  such  ret'ords  from  the  rapidly 
conlrtu'tinj;  froji's  inusflt  it  is  evident  that  the  recording  surface 
must  move  with  ("oixKiderahle  rapidity  and  with  a  uniform  velocity. 
A  curve  of  this  kind  is  represented  in  Fig.  8.  on  page  25.  C  rep- 
resentii  the  axis  of  abscissas  and  gives  the  factor  of  time.  A  vertical 
ordinate  ci-ected  at  any  poiut  on  ('  gives  the  extent  of  shortening 
at  that  moment.  lielow  the  nirvo  of  the  muscle  is  the  record 
of  the  vibrations  of  a  tuning  fork  giving  KX)  double  vilirations 
per  second;  that  i«,  the  distance  from  crest  to  crest  represents  an 
interval  of  j\^  of  a  second.  Three  principal  facts  are  brought  out 
by  an  analysis  of  the  curve:  I.  Tlie  latent  period.  By  thb  is 
meant  t!mt  the  muscle  doe.s  not  l>egin  1o  shorten  until  a  certain 
time  after  the  stimulus  is  applied.  On  the  cvirve  the  stimulus 
enters  the  muscle  at  S,  and  the  distance  lietween  this  point  and  the 
beginning  of  the  rise  of  the  curve,  inteipreted  in  time,  is  the  latent 
periotl.  II.  The  phase  of  shortening,  which  has  a  <lefinite  course 
and  at  its  end  imrne^liately  passes  into  III.,  the  phitsc  of  relaxation. 

The  Latent  Period. — In  the  contraction  of  the  isolated  frog's 
muscles  as  usually  recorded  the  latent  period  amounts  to  0.01  sec., 
but  it  is  generally  a.ssunied  that  this  period  is  exaggerated  by  the 
method  of  recording  useil,  since  the  elasticity  of  the  mu.scle  it.**elf 
prevents  the  immediate  registration  of  the  movejnent.  Hy  improve- 
ments in  methods  of  technique  the  latent  ])eriod  for  a  fresh  muscle 
may  be  reduced  to  as  little  as  0.005  or  even  0.004  sec.  Under  the 
conditions  in  the  body,  however,  the  muscle  contracts  against  a 
load,  as  when  lifting  a  lever;  hence,  we  may  a.ssume  that  normally 
there  is  a  lost  time  of  at  least  0.01  sec.  after  the  .stimuhis  enters  the 
muscle.  In  addition  to  the  latent  period  due  to  the  elasticity 
of  the  muscle  it  is  certain  that  a  brief  amoimt  of  time  actually 
elapses  after  the  stimulus  enteiw  the  mu^^cle  before  the  act  of 
shortening  begins;  some  time  is  taken  up  in  the  chemical  changes 
and  the  effect  of  these  changes  in  putting  the  mechanism  of  con- 
traction into  play  (see  below  on  the  Theory-  of  Muscle  Contractions). 
The  latent  ]K'ri(Kl  varies  greatly  in  muscles  of  different  kinds,  and  in 
the  .^me  nmscle  varies  with  it.^  conditions  as  regards  temperature, 
fatigue,  load  to  be  raised,  etc. 

The  Phases  of  Shortening  and  of  Relaxation.— In  the  normal 
frog's  mascle  the  jjhase  of  shortening  for  a  .-simple  contraction  occu- 
pies about  0-04  second,  while  the  relaxution  may  be  a  trifle  longer. 
0.05  sec.  In  nniscl(*s  wluxse  duration  i»r  contraction  differs  from 
that  of  the  frog  the  time  values  for  the  shortening  and  the  relaxation 
exhibit  correspomiing  differences.  As  we  have  seen,  the  appearance 
of  the  muscle  filxr  when  x-iewed  Ity  polarized  light  indicates  that 
during  the  phase  of  shortening  some  of  the  material  in  the  liglit 
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fis  imbibed  into  the  substance  composLng  the  dim  bands. 
le  process  is  evidently  a  revereible  one;  during  the  phaise  of 
relaxation  the  al>st>r}>e(l  or  imbilx^d  material  passes  back  to  the 
i^it  band.     Many  conditions,   t?ome  of  which   will   Ijc  de.scrilx'd 


below,  alter  the  time  necessar>^  for 
duration  of  the  pimple  contraction, 
the  phase   of   relaxation  which    may 
shortened   by    varying   conditions. 


these  procesi?€s,  that  is.  the 
It  is  noteworthy  thai  it  is 
be  most  easily  prolonged  or 


Isotonic  ADd  Isometric  Contractions. — In  the  method  of  reconliiig  the 
»hort<'irui>£  of  ilie  masile  that  L-der'tTiliihi  al>ovcfhe  mii»i-ie  i>  >u]>|mi<4«i1  tocoii* 
icact  AgMiiui  u  t'onhtaiit  loud  ^v]lit'i)  it  cuii  lift.  Such  a  (Miiitractiun  i^  :^pokGH 
\/it  9B  an  iaotoriic  c-oiitrnrtion.  If  the  iniiM-le  U  allowetl  U*  cuntrurt  agaiiinit 
f^itMudon  too  (TTMit  for  it  to  overroriiB — a  .stiflf  .spring,  for  instuiu-e — it  is  pra«- 
MfflBtf  preveiitetl  from  ^hurteiiiiig,  and  u  contraction  of  this  kind,  in  which 
"Stlvvth  of  the  muscle  reniain^s  uiu'^iangeil.  Is  >|>okeii  of  om  an  iNornetric 
contraction.  A  ciine  of  niuh  a  contraction  may  be  obtaine<l  by  niajmifyine 
fcrefttly,  by  meaii«  of  levers,  the  shght  cimnjce  ia  the  stiff  spring  agaiiLst  which 
the  raoscle  is  contrarttnK.  Such  a  rur\-e  pv&i  a  picture  of  the  lil^erution  of 
cneRY  within  the  miLscle  dnrini;  contraction. 

Trie  iwxml  oval  form  of  dynamometer  employed  to  record  the  (cripof  the 
flexors  of  the  tinKcre  gives  an  isometric  r<«ord  of  the  encrny  of  contraction 
of  Ibese  mui!W?lci». 


Kfleci  of  vmryitix  1h^  ^trenRth  nf  «tiniulu.'«.  The  figum  ^tiow^  the  eifect  upon 
Diiu-H  mu(U*!r  of  n  fri'ic  of  icradually  inrreaMoc  the  ntimultji^  fbrpakmc  inductioo 
msxiniuii  iiii*  «-«re  t-btiino^i.      Tne  stimuli  wfre  then  (tecn?a.'*"J  in 

•tfvnctb  ■nti  the  con'  nff  llin^uiih  a  wrw  "f  ^iiliuUly  (kN-n"u.--inK  Mjhniaxiinal 

•MVr««fk>h4.     The  '*•'■  iawu  la  not  atMoluMy  rvmilar  owinit  to  Um  tliJfficuIty  uf 

flbtaimnic  a  rrffular  ii><-rr,i--<  or  tlec!rpaf«  in  the  fitiniulus.  Criie  prDlongatioo»  of  th« 
«am^  Iwlnw  the  hai«  line  sro  due  to  the  eUurtic  oxtetuion  of  the  mtucle  by  tbe  weisbt  dur- 
iOf  r»l4ixitv>>it  t 

Effect  of  Strength  of  Stimulus  upon  tbe  Simple  Contraction. 
—The  strength  of  electrical  stimuli  can  be  varied  conveniently  and 


[ 
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with  gKSLt  accuracy.     When  the  stimulus  is  of  such  a  strength  as 
to  pnxhice  a  just  visdble  contraction  it  U  spoken  of  as  a  minimal 
stimulus  and  the  resulting  contraction  as  a  minimal  contraction. 
Stimuli  of  less  strength  than  the  minimal  are  doignated  as  sub- 
minimal.    If  one  increases  gradually  the  intensity  of  the  electrical 
current  used  as  a  stimulus  without  altering  its  duration,  l^eginning 
with  a  stimulus  sufficient  to  cause  a  minimal  contraction,  the  results 
ing  contractions  increase  proportionally  up  to  a  certain  maximum 
beyond  which  further  increase  of  stimulus,  other  conditions  remain- 
ing the  same,  cause:?  no  greater  extent  of  shortening.    Contract 
tions  between  the  minimal  and  the  maximal  are  designated  as 
■ubniaxinial*     (See  Fig.  9.) 

f     Effect  of  Temperature  upon  the  Simple  Contraction. — Varia- 
tions in  temperature  affect  both  the  extent  and  the  duration  of  the 
contraction.    The  relationship  is,  however,  not  a  simple  one  in  the 
case  of  the  frog*s  muscle  upon  which  it  has  been  studied  most  fre- 
quently.    If  we  pay  attention  to  the  extent  of  the  contraction  alone 
it  will  be  found  that  at  a  certain  temperature,  0°  Cor  slightly  l>elow. 

1 

1 

1 

Fig.   10. — Cxim  ^bowing  ihc  effect  of  temperature.     The  tempemturfts  at  which  th* 
conixactiorui  were  obtained  are  iodicalcd  nn  Uw  hcure.     In  ihU  experiment  a  kr^e  r«d»- 
tmacs  was  iotructuced  iotu  the  t«cuu(iar>'  circuit  so  that  chauRBs  in  Ltie  t«8i«ta<ic«)  «if  tlw 
miud*  itarif  due  la  beatinc  ccatd  not  aOect  the  ^lIVDgth  of  the  <ttimu]u5. 

the  muscle  loses  its  irritability  entirely.      As  its  temi^erature  is 
raised  a  given  stimulus,  chosen  of  such  a  strength  as  to  be  maximal 
for  the  muscle  at  room  tempenitures,  causes  greater  and  greater 
contractions  up  to  a  certain  maximum,  which  is  reachetl  at  about 
5°  to  I)*'  C.     As  the  Leraperature  ruses  l)eyond  this  point   the  con- 
tractions decrease  somewhat  to  a  minimum  that  is  reuchetl  at  about 
15**  to  18°  C.      Beyond    this  the  contractions   again   increase   in 

•Kick.    "  ITntersuchungen    Qber    elektmche    Nervcnmeung,"     Brauii- 
ncJiweig,  1864. 

; 
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extent  to  a  seoond  maximum  at  about  26°  to  30**  C,  this  maxi- 
mum being  in  some  cases  greater,  and  in  others  less  than  the  first 
maxmnim.  Beyond  the  second  maximum  the  contractions  again 
ili-^Tcase  rather  rapidly  as  the  lemfjerature  rises  until  at  a  certain 
temperature,  37°  C.  irritability  is  entirely  lost  (Fig.  10).  If  the  tem- 
perature is  raised  somewhat  beyond  t  his  latter  point  heat  rigor  makes 
its  appearance,  and  the  muscle  may  be  considered  as  dead.  The  re- 
lationship Ijet  ween  temperature  and  extent  of  contraction,  therefore, 


^ 


7r 


R(.  11. — Cur*"*  to  show  thv  pfl«ct  of  & 
ru»  (4  tempcTBturv  from  0*  C.  to  34"  C.  upon 
^m  halcht  of  ct-uiirsrtinn  of  f roc's  mtuclc. 
TW  ftnl  m&xitnum  at  tt**  ('.  the  mooad  m\ 
Si^C  Bvyoad  38"  C.  the  mii*ele  lost  iu 
vTvt^ittity  anil  went  into  rigor  mortia. 
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3»  i}f  ,y  li'  ii»  >  oJ' 

Fif.  12.— Ourvc  to  show  the  effect 
of  ft  nw  of  temperature  from  5"  C.  to 
30*  C  uiHin  the  numtton  itf  contnu'tifm 
of  fro4{>  tnu.4rle.  The  relative  ijunv> 
tiooi  at  the  <ti(ferent  teiiiiwraturM  are 
ivprB*ent«il  by  tb«  faei|ht  of  tb«  cor- 
responding ordinatan. 


may  be  expressed  by  a  curve  such  as  ia  represented  in  Fig.  1 1 ,  in 
which  there  are  two  maxima  and  two  points  at  which  irritability  is 
lost.  The  seeond  maximum  indicates  a  fact  of  general  physiological  in- 
terest,— namely,  that  in  all  of  the  tissuesof  the  botly  there  Ls  a  certain 
higJi  temperature  at  which  optimum  activity  is  exhibited,  and  if  the 
temperature  is  raised  l>eyond  this  point  functional  activity  becomes 
more  and  more  depressed.  Thepoint  of  optimum  effect  is  not  identi- 
cal for  the  different  tissues  of  the  same  animal,  much  less  so  for  those 
o(  diiferent  animals,  but  the  fact  may  be  emphasize<l  that  in  no 
rA!*e  do  protoplasmic  tissues  withstand  a  ver>'^  high  terafjerature. 
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Functinnal  activity  is  lost  usually  at  45°  C.  or  below.  The  duration 
of  the  contraction  shows  usually  in  frogs'  muscles  a  simple  relation- 
ship to  the  changes  of  temperature-  At  low  temperatures,  4  or  rt^  C, 
the  contnictions  iire  enormously  prolonged,  particularly  in  the  phase 
of  relaxation  ;  but  as  the  temperature  is  raised  the  riuration  of  the 
contractions  iliminishes,  at  first  rapidly,  then  more  slowly,  to  a 
cei-tain  point — al>out  18**  to  20°  C,  l)eyond  which  it  remains  more  or 
less  constant  in  spite  of  the  changes  in  extent  of  shortening.  The 
relationship  between  duration  of  contraction  and  temperature  may 
therefore  be  expressed  by  siich  a  curve  as  is  shown  in  Fig.  12,  in 
which  t!ie  heights  of  the  ordinate^  represent  the  relative  durations 
of  the  coiitiuctions.  Muscles  from  different  frogs  show  considerable 
minor  variations  in  their  reue! ions  to  changes  in  temperature,  and 
we  may  su])ik)sc  that  these  variations  dejK'rul  upon  differences  in 
nutritive  condition.  In  this,  as  Jn  many  other  respects,  the  reactions 
obtained  from  so-called  winter  frogs  after  they  have  prepared  for 
hibrnitiMon  are  morn  regular  and  typical  f  han  those  oblaiue<l  in  the 
spring  or  sunmier. 

Effect  of  Veratrin. — The  alkaloid  veratrin  exliibits  a  peculiar 
and  interesting  effect  upon  the  contraction  of  muscle.  A  muscle 
taken  from  an  animal  that  has  been  veratrinized  and  stimiJated 
in  the  usual  way  by  a  single  stimulus  gives  a  oontraction  such  as 
is  exhibited  in  the  accompanying  cur\'e  ( Kig.  13).  Two  peculiarities 
arc  shown  by  thecurve:  (1)  I'he  pha.seof  shortening  is  not  altered, 
but  the  pliase  of  relaxation  is  greatly  prolonged.     (2)  The  curve 


Fig.  13, — Carv«  ahoiring  the  effect  nf  veratrin. 


shows  two  summits, — that  is,  after  the  first  shortening  there  is  a 
brief  relaxation  followed  by  a  second,  slower  contraction.  The 
cause  of  this  second  shortening  Ls  not  known.  Biedemann  has 
suggested  that  it  is  due  to  the  jjresence  in  the  nuiscle  of  the 
two  kinds  of  fibers — red  and  \m\p — which  were  spoken  of  on  p, 
25,  and  that  the  veratrin  dissociates  their  action,  but  this  expla- 
nation, according  to  Carvallo  and  Wei.ss,*  is  disprove<l  by  the 
fact  that  muscles  compose<i  rntirrly  of  white  or  red  fil>ers  show 
'"JounitU  <lu  la  physiol.  et  de  la  putti.  gC'ncrale,"  1809. 
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tr  or  mrscix  asv  kebtx. 


4>o»*  alto  ft  double  coatnrtion  for  a 
Th»  vary  prr^mxH  n?laxatkni  is,  however,  the  most 


Ml  rfimyt**^!  ('y  irHlurttMn  Nitm-k-  nr  tlwT  ni(^  rtf  .V)  ^i^r  minute.     The 
■M  »/  »w  I'/vitiiT  thui  tlwy  oiu  nol  Iw  libtingui^hed. 

«{  Chi  VMVlrtn.  A  namewhat  »lmilnr  efTeot  is  produred  hy  the 
mr^MMi  of  |^>'**rin.  Wo  hnvc  in  surh  suhHtunced  reagents  that  affect 
(jliAHtt  ij|  t\uf  rontruftion  prorcsH  without  materially  influencing 
urJatr    A*  rt*^.urf\»  tlu^  verjiiriu  effect,  it  becomes  less  and  less 


rr 


[111  ci>iitrHCtur«or 
.if  "*)  nrr  minute. 

!■  iiily  iiie  ronlractiooa  riww 

(h<«   fttie  o|   r«'l'»xiiii.>ti   iTiitAiiung  appauvntly  unchansed. 


.UiiuUi'»i  il  ihi'  iiiuacle  Lh  uvmU*  tti  iiive  rci>catwl  contractions,  but 
|\'ii|i|)iMiN  ahiir  n  >uitul>le  |H«ri^Ki  itf  rest  The  peculiar  urtiou  of 
ihtr  veniinu  is  therefore  nntiip^niwHl  «*rmingly  by  the  chemical 
pithhirttf  fonnml  during  coiu ruction. 
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Contracture. — The  prolonged  relaxation  that  is  8o  character- 
istic of  the  veratrinized  must^leis  may  !«  oKserved  in  frog's  muscle 
umier  other  circumstances,  and  is  described  usually  as  a  condition 
of  contracture.  By  contracture,  therefore,  we  mean  a  state  of  con- 
tinuous contraction,  or.  looking  at  it  from  the  other  point  of  view, 
a  state  of  retarded  relaxation.  This  ronditinn  is  apparent  in 
muscles  tliat  have  lioen  coole<l  to  a  low  temperature,  and  is  shown 
also  as  a  result  of  repeated  stimulations.  In  Fig.  14  the  phe- 
nomenon is  exliibited  ver>'  clearly  in  the  form  in  which  it  was  first 
described  by  Kn)necker  and  Tiegel,*  while  i;i  tlie  following  figure 
(Fig,  15)  the  phenomenon  is  shown  as  it  usually  appears,  that  is, 
after  many  contractions,  and  at  a  time  when  fatigue  is  beginning 
to  make  itself  felt . 

The  Effect  of  Rapidly  Repeated  Contractions. — When  a 
mu^le  is  stimulated  repeatedly  by  stimuli  of  equal  strength  that 
fail  into  the  muscle  at  equal  inten'als  the  contractions  show  certain 
features  that,  in  a  general  way,  are  constant,  although  the  precise 
degree  in  which  they  are  exhibited  varies  curiously  in  different 
animals.  Such  cur\'es  are  exhibited  in  Figs.  14,  15,  and  10,  and 
the  features  worthy  of  note  may  be  specified  briefly  as  follows; 

1.  The  Introductory  Contractions. — The  first  three  or  four  con- 
tractions decrease  slightly  in  extent,  showing  that  the  muscle  at 
first  loses  a  little  in  irritability  on  account  of  previous  contractions. 
This  phenomenon  is  frequently  absent. 

2.  The  Staircase  or  *' Tn'ppe. "~Mier  the  (inst  slight  fall  in 
height  has  passed  off  the  contraction.s  increase  in  extent  with  great 
regularity  and  often  for  a  surprisingly  large  number  of  contractions. 
This  gradual  increase  in  extent  of  shortening,  with  a  constant 
stimulus,  was  first  noticed  by  Bowditch  upon  the  heart  muscle, 
and  was  by  him  named  the  phenomenon  of  ''treppe/'  the 
German  word  for  staircase.  It  indicates  that  the  effect  of  activity 
is  in  the  beginning  beneficial  to  the  muscle  in  that  its  irritability 
otaadily  increases,  and  the  fact  that  the  same  result  lias  been  ob- 
tained from  heart  muscle,  plain  muscle,  and  nerve  fibers  indicates 
that  it  may  be  a  general  physiological  law  that  functional  activity 
leads  at  first  to  a  heightened  irritability. 

3.  Contracture. — This  phenomenon  of  retarded  relaxation  has 
been  described  above.  In  frog's  muscles  stimulated  repeatedly  it 
makes  its  appearance,  as  a  rule,  sooner  ijr  later  in  the  series  of 
contractions;  but  there  is  a  curious  amount  of  variation  in  the 
musclee  of  different  individuals  in  tliis  respect. 

4-  Fatigue. — .\fter  the  j>eriofI  of  the  "treppc"  has  passed  the 
contractions  diminish  steaiiily  in  height  until  at  last  the  muscle 

•  Tlcgel,   "Pfluger's  Archiv  fur  die  gcsommte  PhyBiologic,"  etc.,  13,  71, 
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fails  entirely  to  respond  to  the  stimulus.  This  progressive  loss  of 
irritability  in  the  muscle  caused  by  repeated  activity  is  designated 
as  fatigue.  It  will  be  considered  more  in  detail  under  the  head  of 
Compound  Muscular  Contractions  and  in  Chapter  II. 

Lee  haa  discovered  the*  interesting  fact  that  while  in  frog's  muscle,  as 
a  rule,  fatigue  is  accompanied  by  a  prolongation,  especially  of  the  phase  of 
relaxation,  this  does  not  hold  for  mammalian  muscle.  In  the  latter  muscle 
tlie  sviccessive  contractions  become  smaller  as  fatigue  sets  in,  but  their 
duration  is  not  increased. 

The  Contraction  Wave. — Under  ordinarj-  conditions  the  fibers 
of  a  muscle  when  stimulated  contract  simultaneously  or  nearly  so, 
and  the  whole  extent  of  the  muscle  is  practically  in  the  same  phase 
of  contraction  at  a  given  instant.  It  is  comparatively  easy  to 
show,  however,  that  the  process  of  contraction  spreads  over  the 
fibers,  from  the  point  stimulated,  in  the  form  of  a  wave  which  moves 
with  a  definite  velocity.  In  a  long  muscle  with  parallel  fibers  one 
may  prove,  by  proper  recording  apparatus,  that  if  the  muscle  is 
stimulated  at  one  end  a  point  near  this  end  enters  into  contraction 
before  a  point  farther  off.  Knowing  the  difference  in  time  between 
the  appearance  of  the  contraction  at  the  two  points  and  their 
distance  apart,  wc  have  the  data  for  determining  the  velocity  of  its 
propagation.  In  frog's  muscles  this  velocity  is  found  to  be  equal 
to  .3  to  4  meters  per  .second,  while  in  human  muscle,  at  the  body 
temperature,  it  is  estimated  at  10  to  13  meters  per  second.  Know- 
ing the  time  it  takes  this  wave  to  pass  a  given  point  (d)  and  its 
velocity  (r),  its  entire  length  is  given  by  the  formula  /—  vd.  In  the 
frog's  muscle,  therefore,  with  a  velocity  of  3000  mm.  per  second, 
and  a  duration  of,  say,  0.1  second,  the  product  3000  X  0.1  ==  300 
mms.  gives  the  length  of  the  wave  or  the  length  of  muscle  which 
is  in  some  phase  of  contraction  at  any  given  instant.  Under 
normal  conditions  the  muscle  fibers  are  stimulated  through  their 
motor  plates,  which  are  situated  toward  the  middle  of  the  fiber, 
or  perhaps  one  muscle  fiber  may  have  two  or  more  motor  plates, 
giving  two  or  more  points  of  stimulation.  It  follows,  therefore, 
from  this  anatomical  arrangement  and  the  great  velocity  of  the 
wave,  that  all  parts  of  the  fibers  are  in  contraction  at  the  same 
instant  and,  indeed,  in  nearly  the  same  phase  of  contraction.  Under 
abnormal  conditions  muscles  may  exhibit  fibrillar  contractions ;  that 
is,  separate  fibrils  or  bundles  of  fibrils  contract  and  relax  at  different 
times,  giving  a  flickering,  trembling  movement  to  the  muscle. 

Idiomuscular  Contractions. — In  a  fatigued  or  moribund  muscle  mechan- 
ical stimulation  may  give  a  locahzcd  contraction  which  does  not  spread  or 
spreads  ver^  slowly,  showing  that  the  abnormal  changes  in  the  muscle  prevent 
tne  excitation  from  traveling  at  its  normal  velocity.  A  localized  (x>ntraction 
of  this  kind  was  designated  by  Schiff  as  an  idiomuscular  contraction.     It  may 
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be  prtMliioTfl  iu  tlip  miiscle  of  a  tlyiuff  or  recently  deail  an'nial  by  localized 
mccrwnirAl  AlimuUtlon.  iw  by  ilrawing  a  blunt  in'tnimt'nt— r.  g..  the  hiindlo 
of  »  Hivl|>»-)  arn»«  tin'  Ully  of  tlio  niucvlo.  TI:f  |ioinl  iIjuk fiiiniiilatOii slainiii 
(xit  na  a  wlical,  owiiin;  to  tlii*  klionuiitcuiur  coutmcTiun. 


The  Energy  Liberated  in  the  Contraction. — When  a  miipole 
contracts,  cncr^*  is,  as  wc  say,  liltorated  in  i^veral  forms,  and 
Cftn  Ih»  mojiswn'il  quantitatively.  First  ihore  is  a  pnMliiction  of 
heat,  which  is  indicated  by  a  rise  in  temperature  of  the  miii^cle. 
Aecording  to  Heidenlmin,  the  temijemtiire  of  the  frog'H  niuncle 
ift  inrrrascd  in  a  single  contraction  by  0.001  °  C.  to  0.(K).5®  C.  I^ar^er 
muscle.'^.  :^uch  as  those  of  the  tliljeh  of  the  dog,  when  rej^atedly 
utiintdaied  nmy  cause  a  rise  of  icmix»rature  of  from  \°  to  2°  C. 
The  thermometer  dt>cs  not,  of  course,  measure  the  amount  of  heat 
produi^ed.  but  only  the  temperature  of  the  muscle.  Heat  is  esti- 
mated (|uantitatively  in  terms  of  calories.  By  a  caloric  is  meant 
thf  tiuantity  of  heat  necessary  to  raLie  1  gm.  of  water  1"  C. 
Knowing  the  sjpecific  heut  and  weight  of  mu.scle,  we  can  readily 
cftlculato  the  number  of  calories  produced.  Thus,  if  a  frog's 
muscle  Weighing  2  gms.  jihows  a  rise  of  temperature  of  0.005°  C. 
from  a  single  contraction  the  production  of  heat  in  calories  is  given 
by  multiplying  the  weight  of  ilic  muscle  by  its  specific  heat, 
0.83.  to  re<iuce  it  to  an  e<|uivalent  weight  of  water,  and  this 
product  by  the  rise  in  temperature:  2  X  0.S3  X  0.(K)5  =  0.008:} 
calorie.  Tlie  fact  tliat  mascular  exercise  increases  the  produc- 
tit»n  of  he4it  in  the  Ixniy  is  a  matter  of  general  observation.  Second. 
Some  electrical  energ>*  is  developeil  (.luring  the  contraction.  The 
nH»nf)  of  <letecting  and  measuring  tliis  eJiergy  will  be  descrilx^tl 
in  a  subsequent  chapter.  Considered  quantitatively,  the  amount 
is  small.  Thinl.  W<»rk  is  done  if  the  muscle  is  allowcil  to  .shorten 
during  the  contraction.  Hy  work  is  meant  external  or  u-seful 
work— that  is,  the  uui.scle  lifts  a  weight  or  overcomes  an  opjicsiing 
resistance.  If  a  muscle  contracts  against  a  weight  too  heavy 
to  t»e  lifte^l  or  a  resistance  too  strong  to  l>e  overcome  it  rloes  no 
external  work,  although,  of  course,  much  energj'  is  liberated  as 
heat  or,  as  it  is  sometimes  called,  internal  work.  The  work  done 
by  a  muscle  during  contraction  is  measuitxl  in  the  usual  mechanical 
unitA,  by  the  pnnluct  of  the  loatl  into  the  lift.  That  is.  if  a  muscle 
lifts  a  weight  of  40  gram.s  to  n  height  of  10  millimeters,  the  work 
doni*  iH  40  X  10  =^  4(X)  gnim-millimefers,  or  0.4  gramn»eter.  We 
can  in  calculations  convert  external  work  into  heat  or  internal 
work  by  making  use  of  the  a.seertained  mechanical  equivalent  of 
hcst,  according  to  which  1  calorie  =  425  grammetei-s  of  work, 
work,  0.4  grammeter,  supposed  to  be  *ione  in  the  ul)ove  experi- 
it  would  l)e  equivak^nt,  therefore,  to  0.4  -f-  425,  or  alxjut  0.001 
of  a  calorie. 
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The  Proportion  of  the  Total  Energy  Liberated  that  may 
be  Utilized  in  Work.— All  o*  the  eaergy  litierated  in  ih^  muscle 
hw  ii#»  orij^n  in  the  chemical  changes  that  follow  upon  stimulation. 
U'e  aMume  that  thesse  changes  are  such  that  complex  molecuk^ 
lire  lirokcn  down,  with  the  foraution  of  simpler  onee^  and  llmt 
Mfirne  of  the  so-called  chemical  or  internal  enenE^'  that  holds  together 
the  (iXotfw  in  tlie  complex  molecule  is  liberated  and  takes  the  three 
fomw  doicriljcd  ubove.  The  chemical  chanf*es  occurring  in  the 
ntiiM<:le  durinfE  contraction  are  complex  and  not  entirely  understoo*!. 
\f\it  the  BiKnifirunt  ones  from  our  present  standpoint  are  oxidations 
which  dcNtroy  noine  of  the  material  in  the  muscle,  with  the  forma- 
tion of  carlH)n  dioxid  and  water  and  the  lil)eration  of  heat.  It  is 
II  rniitt^r  of  interest  to  inquire  as  to  the  proportion  of  the  total 
liciit  i'iw'rK>'  which  may  be  converted  into  useful  work  and  the 
conditionH  un<icr  which  the  optimum  amount  of  work  may  be 
wuliwnl.  Regarded  from  this  standpoint,  the  muscle  may  be 
cotmidiTcd  a«  a  piece  of  marhinen''  comparable,  let  us  say,  to  a  gas 
cuniiKi  In  the  lulter  the  hc:d  generated  by  the  explosive  chemical 
ehannn  in  ronvcrtetl  partially  into  external  work  by  a  properly 
iiiliipled  im-ctiiinism — nnil  in  n  well-t-onstnicted  engine  as  much 
i\n  IT)  li^  'Jf)  p<"r  eent.  uf  the  total  ervcrjia*  nuiy  l>e  obtained  as  work. 
In  I  lie  rnuMcle  Ihert^  is  also  a  nierhanism  of  aome  kind,  not  as  yet 
iirnleiNtood,  l)y  niearw  of  whli-h  a  part  of  the  energ>'  lil>erated 
may  U^  converttHl  into  work.  Experiments  made  by  Fick  with 
fhiKn'  inuHelcN  indicate  that  the  proportion  of  the  total  energ\'- 
which  \uu\vv  i»|>tiMnun  cotiilitions  may  be  utihzed  as  work  is.  in 
roiiml  Mlllllllel•^^.  lioin  25  to  M)  per  cent.  Chauveau.*  in  experiments* 
made  o|M)ii  I  he  elevator  of  the  upper  lip  in  the  horse,  found  a  pro- 
|Mii'Uoii  of  only  12  to  15  per  cent.  The  last  observer  points  out 
iIihI  tliifi  proportion  nnist  var>'  greatly  for  different  muscles  and 
for  rimnrli**^  in  dilYerent  animaU.  while  for  the  same  muscle  it  will 
viM'V  with  the  extent  and  duration  of  the  contractions  and  other 
I'ondUUMiN,  Vnww  v\\M}v'iiMvi\Xii  made  upon  dogs  in  which  a  meas- 
MHmI  Hmoittil  *»f  wi^rk  wiw  done  and  in  which  the  energ>'  changes 
Wf*tv  i^tUnatiHl  tuMw  the  oxy^^en  absorl^  and  carlx^n  dioxid 
ellnnnaliMl.  /.uuti  t  caUulattv  that  scniewhat  morp  than  \  of  the 
jot  id  rheuKctd  eueix)  ttlvrate«l  in  the  muscles  may  be  applied  to 
f»^leinal  w^uk.  Ihe  other  |  taking  the  focm  of  beat.  Similar  ex- 
)HMllu^(ittt  nmilr  bv  tlw  sam^r  i^^fief^-er  J  upon  men  have  imlicated 
li\»d  th»*  Mttm^Nw  work  moeei  octTttonucally  in  lifting  the  weight 
\\\  t\M*  iM^I>  Ht  m  UHmniainH^Uiubit^^.  In  this  form  of  muscular 
«mk  ho  <«4tituft^m  Ihiii  fri^  i»  to  40  per  cent,  ol  the  heat  enei^' 
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a  whcM?l.  a  smiiiler  yipl<!  (25  per  cent.)  was  obtained.  It  appeiirs 
from  the.se  figure,s  that  the  muscular  machine  is  an  especially 
eCacient  one  as  regards  the  amount  of  external  work  that  can  he 
obtained  from  the  oxidation  of  a  given  amount  of  material.  Steam 
enji^ues  are  said  to  Ije  capable  of  yielding  only  10  to  15  per  cent, 
of  the  heat  eaerg>-  of  the  fuel  in  the  form  of  mecliatiical  or  useful 
worlc. 

The  Curve  of  Work  and  the  Absolute  Power  of  a  Muscle. — 
The  t-tatorncnt.s  in  the  prwTMlinj;;  (jaragrajjh  provt»  tliat  the  muscle. 
judf^inl  from  iht'  slandpuini  of  a  niacliine  ttido  wnrk,  compares  most 
favorably  in  its  efRciency  with  rnaciiiner}'  of  human  coni?tniction. 
But  it  should  bo  btinio  in  mind  that  in  this  as  in  other  respects  the 
properties  «f  cro.ss-striatcd  mu.^cular  ti.ssiic.s  vari'  greatly.  In  some 
aniinalsor  individuals  it  is  a  iiuich  more  efhcient  machine  than  in 
othprs.  'l\m  fact  i.s  indicated  by  our  general  e\|jcrience  regarding 
variations  in  miLscuIar  strength  in  different  individuals,  and  Is  proved 
ni(jre  precisely  by  direct  experiment.-^  on  single  inu-scles.  A  frog's 
muscle  may  be  isolated  and  the  extent  of  its  contractions  and  the 
work  iUmc  may  l)e  estimated  directly.  Under  such  conditions  it 
will  be  found  that,  while  the  height  of  the  successive  contractions 
diminishes  as  the  load  increases  (see  Fig.  17),  the  work  done — that 
is,  the  product  of  the  load  into  the  Uft — first  increases  and  then 
decreiuses.     For  example: 


Load  in  Orama. 

L 

{ft  in  MtVimettn. 

Work  Donr  in  Gmm-mUiimtten, 
LiMtd  X  Lijt. 

5 

15 
25 
35 

27.6 

25.1 

11.45 

6.3 

13S.0 

376.5               1 

2S6.*25            M 
220.5              V 

A  series  of  experiments  of  this  kind  furnishes  data  for  construct- 
ing a  cun'eof  work  by  plotting  off  along  the  ab.scis.-^a  at  equal  inter- 
vals the  equal  increments  in  load  and  erecting  over  each  load  an 
ordinate  shovsing  the  j)ro|)ortional  amount  of  work  done.  The 
ciu*ve  lias  the  general  form  indicated  in  Fig.  18.  Three  facts  are 
expressed  by  this  cur\'e:  First,  that  if  the  muscle  lifts  no  weight 
no  work  will  be  done;  tlus  follows  theoretically  from  the  formula 
W  —  LHj  in  wliich  W  represents  the  work  done.  L  the  load,  and 
H  the  lift.  If  either  L  ox  H  is  equal  to  zero  the  product,  of  course, 
is  zero;  that  is,  no  external  work  is  done;  the  chemicjil  energy 
lilx»rated  in  the  contraction  takes  the  form  of  heat.  Under  such 
circmnstjinces  the  amount  of  heat  given  off  from  the  muscle  should 
be  greiiter  than  when  a  load  Is  lifted.  In  accortlance  with  thL« 
fact  it  is  found  that  a  muscle  lifting  a  light  load  gives  off  more  heat 
during  the  contraction  than  when  lifting  a  heavier  load.  Second 
There  is  an  opliiniun  load  for  each  muscle  with  which  the  greatest 
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pmportion  of  work  ran  Ix'  ol>l;iined.  Third.  When  the  Ina<l  is  just 
sufficient  to  counteract  the  contraction  of  the  muscle  no  work  \B 
done,  H  in  the  above  fomuila  Inung  zero.  This  amount  of  load 
measures  what  WcIkt  culled  the  absolute  power  of  the  muscle. 
As  will  be  seen  from  tlie  above  eur\^e,  it  is  measured  !»y  the 
WTi^ht  which  the  muscle  cannot  lift  and  which,  on  the  other 
hand,  cannot  cause  any  extension  of  the  muscle  while  contracting. 
Or,  in  more  general  terms  (Hermann),  the  absohitc  power  of  a 
mu.scle  Is  the  maximum  of  tension  which  it  can  reach  without 
alteration  of  its  natunil  ir^nj:th.  This  absolute  power  can  l>e 
measured  for  the  muscles  of  different  animals  and  for  convenience 
of  romjwirison  can  then  be  cxprcKscd  in  terms  of  the  cross-area 
of  the  muscle  given  in  square  centimeters.  Weber  has  shown 
that  the  absolute  jMiwer  of  a  nui.sclc  varies  with  the  cross-area,  since 
thL^dcfX'nds  upon  the  nutnl>cr  of  constituent  fibt^rs  whose  united 
contmrtion  makes  the  contraction  of  the  muscle.  P^xpresscd  in 
this  way,  it  is  found  that  the  absolute  power  of  human  numclc  Is, 
suo  for  size,  much  gn^iter  than  that  of  frog's  muscle.  For  in- 
nce,  the  aI>soIute  jx>wer  of  a  frog's  muscle  of  1  square  centimeter 
area  Is  estimated  at  from  0.7  kilogram  to  3  kilograms,  while 
that  of  a  human  muscle  of  the  siime  size  Is  estimated  by  Hermann 
at  6.24  kilograms.  Taken  as  a  whole,  the  human  muscle  is  a  better 
machino  for  work,  but  it  seems  ixtssible,  although  exact  figures  are 
lacking,  that  the  absolute  power  of  the  muscles  of  some  insects 
reckoned  for  the  same  unit  of  cross-area  would  be  much  greater 
than  in  human  muscle. 


COMPOUND  OR  TETANIC  CONTRACTIONS. 

Definition  of  Tetanus  —When  a  muscle  receives  a  series  of 
rapiilly  repeated  stinuili  it  renuiias  in  a  condition  of  contraction  as 
long  as  the  stitnuU  are  sent  In  or  until  it  loses  its  irritabilit}'  from 
the  effect  of  fatigue.  A  contraction  of  this  character  is  descril>etl 
B^  a  comjwund  contraction  or  tetanus.  If  the  stiinidi  follow  each 
other  with  sntficient  rapidity  the  muscle  shows  no  external  sign 
of  relaxation  in  the  intcrvak  bctwet^n  stimuli,  and  if  its  contractions 
are  recorded  ui>on  a  kymographion  by  means  of  an  attached  lever 
a  curve  Ls  obtained  such  a.s  is  shown  at  5  in  Fig.  19.  A  con- 
traction of  this  character  Ls  descrilx-d  as  a  complete  tetanus.  If, 
however,  the  rate  of  stimulation  is  not  sufficiently  rapid  the  mus- 
cle will  relax  more  or  less  after  each  stimulus  and  its  recorded 
Ctin'c,  therefore,  will  present  the  appearance  shown  in  1,  2,  3,  and 
of  Fig.  19,  A  tetanus  of  this  character  is  descril>ed  as  an  incom- 
tptanus.  It  is  obvious  that  according  to  the  rate  of  stimu- 
lation there  may  \)c  numerous  degrees  of  incomplete  tetanus,  as 
shown  in  Fig.  19,  extending  from  a  series  of  separate  single  con- 
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Flf.  19. — Anahni."  of  letauiw.  Lxperimoiit  nmde  upon  the  ctt^^irnrnemiui  mascl^of* 
frogto  shQW  ttiat  l>y  incrfnxing  tlie  nit«  "f  !«ttrniilntiim  tlie  riiiitnicti<in>^,  at.  Iin<t  t«iNirat« 
O^.FUM  mare  and  ninrft  thniUKhaarriesof  incrtmplcte  tetani  i'i.  ',i.  4)  into  a  comnlclo  tctanu» 
(hi  in  which  then  b  no  IndicatioD,  so  faru  tbe  rooord  goes,  of  a  separate  encct  for  eoct^ 
■tlmulus. 
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traotionH.  on  the  one  hand,  to  a  perfect  fusion  of  tho  contnictiony, 
&  complete  tetanus,  on  the  other.  Tetanic  contractions  present 
two  pe<uiliari(ies  in  aildition  to  the  mere  matter  of  du  rat  ion, 
which  is  governed,  of  course,  by  the  duration  of  the  stimu- 
lation: Finst,  the  more  or  less  complete  fu.sion  of  the  contrac- 
tions due  to  the  sepaniie  stinmh.  Tliis,  as  state<l  al>ove,  is  the 
(list inctlve.  sign  of  a  tetanus.  iS'Cond.  the  jkhcnunirnon  of  mim- 
znation  in  consequence  of  which  the  total  ^^hortrning  *tf  the  nuiscle 
in  tetaniLs  may  he  coasifiorably  greater  than  that  caiisevl  by  a  maxi- 
mal ample  contraction. 

Summation. — ^The  facts  of  summation  may  l>e  shovm  most  read- 
ily hy  employing  a  device  to  send  into  the  muscle  two  successive 
.ttimuli  at  van-ing  intervals.  If  the  second  stimulus  falls  into  the 
muscle  at  the  apex  of  the  contraction  caused  hy  the  first  stimulus, 
then,  even  if  the  first  contraction  Ls  maximal,  the  muscle  will  shorten 
atUl  farther;  the  first  and  second  contractions  are  summated,  giv- 
ing a  total  shortening  greater  than  can  be  obtained  b}'  a  single  stim- 
ultis  (see  Fig.  20).  The  extent  of  the  summation  in  such  cases 
varies  with  a  number  of  conditions,  such  as  the  intervals  between  the 


t'Mt.    'JO — Humn'ition  n|   (w. 
tmrt ion  «iu»  (o  m  linclc  m  imiuIu  - 
C\jrva  2  abuws  the 


rnnlmrtioni^.  Our\*«i  !  nhows  a  simple  coa- 
•  ritxl  heina  indicate^]  at  the  brffinnine  nf  tba 
title  tn  twrt  5UC(M*riiinK  ^unati. 


stimuli,  the  relative  strengths  of  the  stimuli,  the  load  carried  by  the 
muscle,  etc.  Taking  tljc  simplest  contlitions  of  a  moderately  loaded 
museU*  and  two  maximal  stimuli,  it  is  found  tliat  the  greatest  sum- 
mation occurs  when  the  stimuli  are  so  spaced  that  the  second  contrac- 
tion iK^'gins  at  I  he  apex  of  the  first.  If  the  stimuli  are  closer  together, 
■0  that,  for  instance,  the  second  contraction  follows  shortly  after 
the  first  has  begun,  the  total  shortening  Ls  less,  and  the  same  is  true 
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to  an  increasing  extent  as  the  ^ecoml  contraction  falls  later  ai 
Uxer  in  the  period  of  relaxation  aftr?r  tiie  fir.^t  ooalniction.*  If 
kiGtead  of  two  we  [me  tliree  .successive  stimuli,  falling  into  the  muscle 
At  proper  interx^aU,  a  still  further  summation  occurs.  In  this  way 
the  total  extent  of  shortening  in  a  muscle  completely  tetanize^  may 
be  several  tinic:*  a.-*  ^reat  a-s  thiit  of  a  .single  maximal  contraction. 

The  Discontinuous  Character  of  the  Tetanic  Contraction 
— The  Muscle-tone. — In  complete  tetanus  the  muscle  seems  lo 
be  in  a  condition  of  continuous  uniform  contraction;  the  re- 
corded cun'e  shows  no  sign  of  relaxation  l:)etween  .stimuli  ami  no 
external  indication,  in  fact,  that  the  separate  stimuli  do  more  than 
maintain  a  slate  of  uniform  contraction.  It  can  lie  shown,  how- 
ever, that  in  reality  each  stimulus  has  its  own  effect,  and  that  the 
ebemical  clianges  underlying  the  phenomenon  of  contraction  are 
probably  not  continuous,  but  form  an  iiiterru[)ted  scries  corrt^pond- 
ing,  within  hmits,  to  the  .series  of  stimuli  svni  in.  The  clearest 
proof  for  this  belief  Ls  foun<l  in  the  electrical  changes  tliat  residt 
from  each  .stimiiliLs,  and  the  facts  relating  to  this  side  of  the  qtiestion 
will  be  stated  subsequent ly  in  the  chapter  on  The  Klectrical 
Phenomena  of  MiLscle  and  Nerve.  Another  proof  is  found  in  the 
phenomenon  of  the  muscle-tone.  Wlien  a  muscle  is  stimulated 
directly  or  through  itj^  motor  ner\'e  a  musical  note  may  l»e  heard 
b>'  applying  the  ear  or  a  stethoscope  to  the  muscle.  The  note  that 
m  httuti  corresponds  in  pilch,  up  to  a  certain  i>i-»int,  with  the  num- 
ber of  stimuli  sent  in, — that  is,  the  muscle  vibrate:?,  as  it  were,  in 
unison  with  the  number  of  stimuli,  and.  although  the  x-ihrations 
are  not  Rufficient  to  affect  the  recording  lever,  they  can  be  heard 
M  a  imiMcal  note.  This  fact,  therefore,  may  Ijc  taken  a.s  a  proof 
tbftt  during  complete  tetanus  there  is  a  discontinuous  sencs  of 
elttngeK  in  the  muscle  the  rate  of  wliich  corresponds  with  that  of  the 
stimulation.  The  series  of  electrical  changes  corresponding  with  the 
■erieaof  stimuli  sent  in  may  be  made  audible  by  aj^plying  a  telephone 
to  the  muscle.  Making  use  of  this  methwi,  WeJenskif  has  shown 
that  the  ability  of  the  muscle  to  respond  Lsoriiythmically  to  the 
rate  of  jrtimulation  m  limited.  In  frog's  muscle  the  pitch  of  the 
musical  tone  may  corre4?jx>nd  with  the  rate  of  stimulation  up  to 
alxHtt  2(K)  Hiimuli  i>er  second.  In  the  muscle  of  the  warm-blooded 
animal  the  correspondence  may  extend  to  about  1000  stimuli  per 
Mcood,  If  the  rate  of  stimulation  Ls  increased  beyond  these 
Einitii  the  musical  note  heard  does  not  correspond,  but  falls 
to  a  lower  pitch,  indicating  that  some  of  the  stimiUi  under  these 
combtion'*  l)ecome  ineffective.     It  shouhl  be  added  that  the  high 

•  Von  Krio».,  "  Archiv  fur  Physiologie."  I8S8.  p.  .=537. 
tWcfVmki.   "Oil   rhythme  miiw^ulaire   dans  la  contraction   noniMfe,*' 
"Archivniik  phy.^ok)gie/'  1891.  p.  3S. 
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given  alx)ve  for  the  corres;ix>i»dcnco  between  the  stimuli  and 
the  muscle-lone  hold  good  oidv  for  entirely  fresh  pre jjumt ions. 
The  lability  of  the  muscle  quickly  becomes  le^s  a&  it  Ls  fatigued:  ao 
tlial  in  the  frog,  for  iastance.  the  correniwndence  in  long-continued 
contractions  is  accurate  only  when  the  rate  of  titimulatiou  does 
not  exceeil  'M)  f>er  stn-und. 

The  Number  of  Stimuli  Necessary  for  Complete  Tetanus. — 
The  number  of  stimuli   necesfiarj*  to  produce  complete  tetanus 

ies,  a.s  we  j^hould  exjM'et,  with  the  kind  of  muscle  UM^d  and  in 

irthuice  with  the  nipidity  of  the  prooet^  of  n'l'ixation  shown 
by  these  muscles  in  simple  contnictioas.  The  series  that  may  be 
arranged  to  demonstrate  this  variation  is  quite  large,  extending 
from  a  supposed  rate  of  li(X)  per  second  for  iaswt  muscle  to  a  low 
limit  of  one  stimulus  in  5  to  7  secomls  fnr  plain  muscle.  The  frog's 
muscle  goes  into  complete  tetaiuis  with  a  rate  of  stimulation  of 
from  20  to  tU)  per  second.  Inasmuch  as  the  rapidity  of  relaxation 
of  the  muscle  is  much  retarded  by  certain  influences,  snich  as  a 
low  temperature  or  fatigue,  it  follows  that  these  same  influences 
nfTeel  in  a  correspf»nding  way  the  rate  of  stimulation  necessary  to 
give  complete  tetanus,  A  frog's  muscle  stimulatwl  at  the  rat«  of 
10  Ftimuli  per  second  may  r<»<'ord  an  incomplete  tetanus,  but  if  the 
stinuilus  is  rnuintaine<l  for  some  lime  the  tetanus  finally  l>erome^ 
complete  in  con.'^e^quence  of  the  slowing  of  the  phase  of  relaxation. 

Voluntary  Contractions.  —After  jLHoertaining  that  muscles  may 
give  cither  simple  or  tetanic  contractions  one  asks  naturally 
whether  in  our  voluntary  movements  we  can  also  obtain  both 
sorts  of  contractions.  In  the  first  place,  it  is  obvious  that  most 
of  our  voluntary  movements 
are  too  I'»ng  continiitHi  to  lie 
simple  contractions.  The  time 
element  alone  would  place 
them  In  the  gmup  of  tetanic 
contract  ions.  aJid  this  is  the 
utnial  conclusion  regarding 
them.  In  voluntary'  move- 
n>eots  a  neuromuseular  me- 
clmniKm  comes  into  play. 
This  mechanism  <*onsists.  on 
the  motor  siile.  of  at  least  twfi 
nerve  unit8  or  neurons  an<^l  the 
muscle,  as  indicated  in  the 
accompanying  diagram  (Fig. 
21).  If  in  onlinary  voluntary 
movements  the  muscidar  con- 
tractions are  tetanic,  we  must  suppose  that  the  motor  nerve 
cells   discharge   a   series   of    nerve    impulses   through   the  motor 


Ig^ 


Hi!.  31.— Scbema  to  show  tha  Inncrvn- 
lion  o(  the  i>kpleitil  (voluntBry]  nituele*:  1. 
tht^  inlerrciiirul  (|)yruii>irlii))  ncitraa;  2,  iba 
Bpioal  DeuriHt;    X,  the  miL-vl^. 
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nen'e  into  the  muscle.  The  contraction  of  voluntan-  muscle 
been  investigated,  therefore,  in  various  ways  to  ascertain  whetl 
there  is  any  objective  indication  of  the  number  of  separate  con- 
tractions that  are  fuseil  together  to  make  this  normal  tetanus.  In 
the  first  place,  the  normal  movements  of  the  muscles  have  l>€en  re- 
corded praphically  by  levers  or  tamlwurs.  The  record?^  thus  obtained 
show  that  our  usiial  contractions  are  not  entirely  complete  tetani, — 
that  is,  there  is  an  indication  in  some  part  of  the  cun-^  of 
the  single  contractions  that  are  being  fused.  According  to  most 
obser>*ers,*  these  reoonls  show  that  our  normal  contractions  are 
compotmded  of  single  contractions  following  at  the  rate  of  10 
per  second,  or,  in  other  words,  the  motor  neurons  discharge 
about  10  impulses  per  second  into  the  muscle.  The  so-called 
natural  muscle-tone  has  been  used  for  the  same  purpose.  When 
one  places  a  stethoscope  or  lays  his  ear  upon  a  contracting  muscle  a 
low  tone  is  hearti  the  pitch  of  which  corresponds  with  40  vibrations 
per  second.  It  is  assumetl,  however,  tliat  thLs  note  does  not  represent 
the  actual  rate  of  stimulation  of  the  muscle,  since  the  number 
is  higher  than  that  obtained  by  other  methods.  The  ear  cannot 
perceive  a  musical  note  much  lower  than  40  vibrations  per  second, 
antl  if  the  muscle  were  really  vibrating  10  or  20  times  per  second 
we  eoidd  not  perceive  this  fact  directly  by  the  ear.  Vibrating 
bodies,  however,  give  out  o\*erlones  of  a  higher  pitch,  and  it  is 
supposed,  therefore,  that  the  normal  mui^le  tone  (40)  reprcsejits 
either  the  first  octave  of  the  muscle  vibrations,  20  per  second,  or 
the  secontl  octave,  10  per  second.  HelmLoltz  made  use  of  a  simple 
and  diruct  method  to  determine  this  point.  He  utilized  the  prin- 
ciple of  sym])athetic  vibrations,  according  to  which  a  vibrating 
body  will  lie  set  into  movement  most  easily  by  vibrations  that 
corresixjnd  in  number  to  its  own  perio*L  Helmholtz  attached  to 
the  muscle  watch  springs  that  had  iliffercnt  periods  of  Wbration 
and  found  that  when  the  muscle  was  contracted  the  spring  that 
vibratetl  20  times  per  second  was  set  into  most  acti\'e  movement. 
He  conclude<l,  therefore,  that  the  muscle  receives  20  stimuli  per 
second  in  ordinary*  contractions  and  that  the  tone  that  Ls  heard, 
40  vibrations  per  second,  represents  the  first  ov-ertone.  Tlie  agree- 
ment among  the  results  of  thw«  who  have  made  graphic  records 
of  voluntary  contractions  would  lead  us.  however,  to  suppose  tliat 
10  slimtili  jx?r  second  is  more  probably  the  tnie  rate  of  stimulation 
and  that  the  muscle-tone  heard  represents  the  overtone  correspond- 
ing to  the  second  octave  of  this  vibration.  It  is  to  be  borne  in  mindr 
however,  that  the  motor  ner\'e  cells  do  not  necessarily  discharge 
their  impidses  into  the  muscle  at  a  perfectly  unifonn  rate.  The 
rate  is.  in  fact,  liable  to  var>-  in  different  indinduals  or  in  the  same 
♦  Ilorsiey  and  Schafer.  "Journal  of  Physiology,"  7.  96,  ISSS. 
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individual  under  different  circiunstances.  Von  Krics,*  for  instance, 
states  that  the  rate  of  stimulation  in  voluntan-  movements  may 
var>'  according  to  the  character  of  the  movement.  In  slow,  sus- 
taimsi  movements  the  rate  is  from  8  to  12  per  second,  while  in 
short,  sharp,  rliythmical  movements  of  the  fingers  the  rate  may  be 
as  rapid  as  40  per  second.  The  fact  that  movements  of  this  latter 
character — the  trilling  movements  of  the  fingers  of  the  pianist, 
for  instance — may  last  for  only  -j^j-  of  a  second  or  less,  Is  considered 
by  some  authors  as  a  proof  that  they  are  not  tetanic  contractions, 
&nd  that  therefore  we  can  voluntarily  make  either  long-continued 
tetanic  contractions  or  quick,  simple  contractions.  Von  Kries 
has  sho^^^l,  however,  that  when  these  quick,  rhytlunical  movements 
of  the  fingers  are  recorded  the  curves,  even  of  such  brief  contractioas, 
show  tliat  they  are  short-lasting  tetani.  It  is  the  usual  belief, 
therefore,  that  all  voluntary  movements  are  tetanic  in  character 
and  that  it  is  not  possible  for  us,  by  a  so-called  act  of  the  will,  to 
cause  a  Bimpje  contraction, — that  is,  to  cause  the  motor  nerve  cells 
to  discharge  a  single  motor  impulse.  This  general  concluj^ion  is  sup- 
ported by  the  results  of  artificial  stimulation  of  the  motor  regions 
of  the  brain.  In  experiments  of  tliLs  kind  made  by  Horsley  and 
Schafer  it  was  shown  that,  at  whatever  rate  the  stimulus  might 
be  applied  to  the  motor  celLs,  they  responded  by  motor  discharges 
of  about  10  i^er  second,  so  far  as  this  could  be  determined  from 
the  contractions  of  the  muscle.  The  interesting  conclusion  from 
the  whole  discussion,  therefore,  is  that  our  motor  centers,  under 
the  stimulus  of  the  will,  discharge  motor  impulses  at  a  certain  low 
rate,  which,  while  somewhat  variable,  averages  in  ordinary  move- 
ments about  10  per  second. 

The  Ergograph. — Voluntary  contractions  in  man  may  be  re- 
corded in  a  great  many  ways,  but  Mosso  has  devised  a  special  in- 
strument for  this  purj)Ose,  known  as  the  ergograph.  It  has  been 
much  use<l  in  tjuantitative  investigations  u;x>n  muscular  work 
and  the  conditions  influencing  it.  The  apparatus  Ls  shown  and 
described  in  Fig.  22.  The  pereon  experimented  upon  makes  a 
series  of  short  contractions  of  the  flexor  musrie  of  the  middle 
finger,  thereby  lifting  a  known  weight  to  a  definite  height 
which  Is  recorded  uf)on  a  drum.  In  a  set  of  experiments  the 
rale  of  the  series  of  contractions — that  is,  the  interval  of  rest 
between  the  contractions— Ls  kept  coastant,  as  also  is  the  load  lifted. 
Under  these  conditions  the  contractions  l>ccome  less  and  less  ex- 
tensive as  fatigue  comes  on,  and  finally,  with  the  strongest  volunt-ary 
efiTort,  the  contraction  of  the  muscles  is  insufficient  to  lift  the  weight. 
In  this  way  a  record  is  obtained  such  as  is  shown  in  Fig.  23 
In  such  a  record  we  can  easily  calculate  the  total  work  done  by 
•Von  Kries,  "  Archiv  fOr  Phywologie,"  auppl.  volume.  1886.  p.  1. 


Fig.  '22.  — Mo-^-KjVenzrtffrapb;  «  Is  IhtMnMge  mo^  inu  (o  and  fro  on  ninnersby  means 
of  the  riin]  li.  u-ltirh  i(a.>.-<.->  from  Um  CAIlriase  tOtt  hoMcr  Mtlochcil  to  the  la^t  two  (>hAlAn|tta 
of  thfi  itiiddle  I'mecr  (the  U'ljuiniziKfinienBra  Md  in  place  by  clainp:s);  p.  the  writUMt  ituint 
of  the  caxnaee.  c,  which  makes  llw  record  of  Us  moveueold  on  liw  Kyiuocraphioa;  w,  the 
weight  tobcliftcnj. 

tion  and  atlding  these  pitnlurts   together.      By  this   nieaus   the 
capacity  for  work  of  the  muscle  used  van   he  sliidie<l   objectively 


Fl«.  23. — Normul  fatiiguc  cur%  c  c(  the  flcvir?.  of  ihp  middle  finper  at  ngbt  hand.     Wftigfat* 
3  kilograms,  ponlractiuoa  at  iDtcrviii.*<  of  two  .'wrmHUi. — (Maifoiora.) 


under  varying  conditions,  and  many  suggestive  results  have  beea 
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obtained,  some  of  which  will  he  referral  to  specifically.*  It  should 
l)e  l)ome  in  mind,  however,  that  the  erj^o^niph  in  this  form  does 
not  eoMhle  us  to  roniputo  the  total  work  ihiit  ilie  muscle  is  capable 
»r  [X'rforminji.  It  is  obvious  that  when  the  point  of  complete 
fatiijue  Is  reached,  as  illusinite<l  in  the  record,  Fig.  23,  the  miLscle  is 
still  capable  of  iloing  work,  tlmt  is  rxtenial  work,  if  we  replace  the 
heavy  load  by  a  lighter  one.  For  thi.s  reason  some  investigators 
have  substituted  a  spring  in  place  of  the  load.t  giving  thus  a 
spring  ergograph  instoa<i  of  a  weight  ergograph.  Alliiough  with  the 
spring  ergograph  ever\'  muscular  contraction  is  recorder!  and  the 
entire  work  done  may  be  calculated,  it  also  possesses  certain  iheo- 
frtical  and  pnicrical  disadvantages,  for  a  discussion  of  which  refer- 
ence must  Ik*  niaile  to  the  authors  quoted. 

The  weight  ergograph  has.  so  far  at  least,  given  i!s  the  most  sug- 
geniive  itwult-s.  Among  the^  the  following  may  Ijc  meutioneil; 
( I )  If  a  siiflicient  inler\  al  is  ailowe<l  between  contractions  no  fatigue 
apparent-  With  a  loud  of  (5  kilograms,  for  instance,  the  flexor 
hlimis  showed  no  fatigue  when  a  rt*t  of  10  seconds  was  given 
between  contractions.  (2)  After  complete  fatigue  with  a  given 
load  a  ver>-  long  inter%'al  (two  hours)  is  necessary'  for  the  muscle  to 
nuike  a  complete  recovery  and  give  a  second  a'cord  as  extensive  aa 
the  first.  (3)  Aft.er  complete  fatigue  efTorls  to  still  further  contract 
the  muscle  greatly  prolong  this  perioti  of  complete  recover>% — a 
fact  that  demotLstrates  the  injurious  effe<'t  of  straining  a  fatigued 
nnisek>.  (4)  The  power  of  a  muscle  to  flo  work  is  diminished  by 
conditions  that  ilepress  the  general  nutritive  state  of  the  body 
or  the  local  nutrition  of  the  muscle  used:  for  instance,  by  loss  of 
sleep,  hunger,  mental  activity,  anemia  of  the  muscle,  etc.  (5) 
On  the  contrar>'.  improveil  circulation  in  the  muscle — produced 
by  massage,  for  example— increases  the  power  to  do  work.  Food 
also  has  the  same  effect,  and  some  particularly  intere-sting  experi- 
ments show  that  sugar,  as  a  soluble  and  eiisily  absorbed  foodstuff, 
quickly  increases  the  amount  of  muscular  work  that  can  be  per- 
formed* (6)  Marked  activity  in  one  set  of  muscles — the  use  of 
the  leg  muscles  in  long  walks,  for  example — will  diminish  the 
amount  of  work  obtainable  from  other  muscles,  such  as  those  of 
the  arm.  It  is  ver>^  e\ident  that  tlie  instniment  may  !«  use<l  to 
vantage  in  the  investigation  of  many  problems  connected  with 
nasties,  dietetics.  stitnulants.J  medicines,  etc. 

A  fK»int  uf  fcenprol  physiological  intpresl  that  \i&b  hecn  brought  out  in 
connection  witlt  tlie  use  of  the  ergograph  calls  for  a  few  wordn  of  »pecial 
mfntinn.     Homo  found  that  if  a  muscle — «.  g.,  the  flexor  sublimiit — ia  stimu- 

•  Monao.  "  Airhiv»«t  italienncs  dc  bioloirie."  1.3.  IS7.  I81K) ;  nlso  "Arrhiv  f. 
IMiyiQulogie,"  ISm».  p.  101.  342.   I^jmb.-ml.  "  Journal  of  Physiolojry."  13.  1,  1802. 

t  Fnuts.  "  Amprir;in  Jounial  of  PhyKiology,"  4,  .3-18.  I1»00';  also  Hough, 
iW,..>.  240.  IWI. 

i  SchwnltcT^,  "  Archiv  f.  Phy«ol.,"  1899,  suppl.  volum**,  p.  2811. 
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which  cause  chemical  changes  similar  in  kind  to  those  set  up  by 
an  ordinar>'  voluntary'  effort,  but  less  in  degree;  the  result  being 
that  the  muscles  enter  into  a  stale  of  contraction  which,  while 
slight  in  extent,  is  more  or  less  continuous.  According  to  this  view, 
the  whole  neuromuscular  apparatus  is  in  a  condition  of  tonic  ac- 
tivity, and  this  state  may  be  referred  in  the  long  nm  to  the  con- 
tinual inflow  of  sensor>'  impulses  into  the  central  ner\'ous  system. 
The  tone  of  any  particular  muscle  or  group  of  muscles  may  be 
destroyed,  therefore,  by  cutting  its  motor  ner\'e,  or  less  completely 
by  severing  the  sensor>*  paths  from  the  same  region.  If,  for  in- 
itance.  one  severs  in  a  dog  the  posterior  roots  of  the  spinal  nerves 
inncn'ating  the  leg  there  will  l^e  a  ilistinct  loss  of  muscular  tone, 
although  the  motor  nerves  remain  intact.  While  we  speak  of  this 
muscle  tone  as  a  state  of  continuous  contraction,  it  may  be 
that  the  apparently  uniform  condition  is  only  superficial;  that,  in 
fact,  this  phenomenon  is  substantially  only  a  minimal  tetanus,  due 
to  a  series  of  feeble  but  discontinuous  stunuli  received  through 
the  motor  nerve,  each  of  which  stinniii  sets  up  its  own  chemical 
change  in  the  muscle.  However  this  may  be,  the  fact  of  muscle 
tone  is  important  in  a  number  of  ways.  It  is  of  value,  without 
<ioubi,  for  the  normal  nutrition  of  the  muscle,  and,  as  Ls  explained 
in  the  chapter  on  animal  heat,  it  plays  a  ven^-  important  part  in 
controlling  the  production  of  heal  in  the  body.  The  extent  of  mus- 
cle tone  varies  with  many  conditions,  the  most  important  of  which, 
perhaps,  are  external  temix^rature  and  mental  activity.  With 
regard  to  the  first,  it  is  known  that,  as  the  external  temj)erature 
falls  and  the  skin  l>ecomes  chilled,  the  seiL*sor}'  stimulation  thua 
produced  acts  upon  the  ner\'e  centers  and  leads  to  an  increased 
discharge  along  the  motor  jmlhs  to  the  muscle.  The  tone  of  the 
niuscle.s  increases  and  may  pass  into  the  ^'isible  movements  of 
shivering.  By  this  means  the  production  of  heat  within  the  body 
w  inrreasetl  automatically.  Similarly,  an  incr-ease  in  mental 
^^eiivity,  so-ralle*.!  mental  concentration,  whether  of  an  emotional 

an  intellectual  kiml.  leads,  by  its  effect  on  the  spinal  motor 
centers,  to  a  state  of  greater  musi-le  tonus,  the  increased  muscular 
tf-n-(iim  lieing.  indeeil.  visible  to  our  eyes. 

The  Condition  of  Rigor.^Wlien  the  muscle  substance  dies 
h  becomes  rigid,  or  g(H»s  into  a  condition  of  rigor:  it  passes  from 
a  ^'Ihcous  to  a  solid  state.  The  rijror  that  appears  in  the  muscles 
after  somatic  death  is  dej^ienated  usually  as  rigor  mortis,  Mnce  itstK*- 
rurrence  explaias  the  ileath  stiffeniui;  in  the  cadaver.  It  is  charac- 
terixed  by  several  features:  the  muscles  l>ecome  rigid,  they  shorten, 
they  dcveUtp  an  aciil  reaction,  and  they  lose  their  irritability  to 
sttmuh.    Whether  all  of  these  features  are  necessar\'  parts  of  the 

Ijtion  of  rigor  mortis  it  is  difficult  to  say;  the  matter  will  1« 
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discussed  briefly  l>olow.  Smie  of  the  fiic^s  whioh  have  been  ob- 
servetl  regarding  rigor  mortis  are  as  follows :  After  t  he  death  of  an 
individual  the  muscles  enter  into  rigor  mortis  at  diffexent  times. 
Usually  there  is  a  certain  se<|iienee,  the  order  given  being  the  jaws, 
neck,  trunk,  upi>er  limbs,  lower  limbs,  the  rigor  taking,  therefore,  a 
descending  course.  The  actual  time  nf  the  apjM^arancc  of  the  rigidity 
varicii  greatly,  however;  it  may  come  on  within  a  few  minutes  or  a 
numl)er  of  hours  may  elapse  before  it  can  be  detected,  the  chief  de- 
tennining  factor  In  this  respect  being  the  condition  of  the  muscle 
itself.  Death  after  great  muscular  exertion,  as  in  the  case  of  hunted 
animals  or  soldiora  killed  in  battle,  is  usually  followed  quickly  by 
muscle  rigor;  indeed,  in  extreme  cases  it  may  develop  almost  imme- 
diately.    Death  after  wasting  diseases  is  also  followed  by  an  early 


Vif.  24. — f'urve  of  normul  ricror  murlu.  iniptrocneinius  muscle  of  froT;  The  nirv* 
wmii  fiblained  uiwn  a  kyniufcnipliHm  makina  one  levntutina  iti  eiicht  dayit.  Tbe  marks  on 
the  lino  below  llie  rurve  indicate  intervaln  oi  mix  houm.  It  will  br  tBoen  that  the  ethortenlnf 
required  eiichteeii  limin*,  the  rclaxatiun  ubout  r«ven1y-(wu  hour?. 


rigor,  which  in  this  case  is  of  a  more  feeble  character  and  shorter 
duratitjn.  The  iieveloi>ment  of  rigor  is  very  much  hastened  by  many 
drugs  tliat  bring  alwut  the  rapid  death  of  I  he  muscle  substance,  such 
as  vei-atrjn,  hydrocyanic  acid,  caffcin,  and  chloroform.  A  frog's  mus- 
cle ex]x)sed  Id  chloroform  vapor  goes  into  rigor  at  once  and  shortens 
to  a  remarkabJe  extent,  lligor  is  s-aid  al.^o  to  occur  more  rapidly 
in  a  muscle  still  coimected  with  the  central  nervous  system  than 
in  one  whose  motor  nenc  has  been  sevcretL  After  a  certain 
interval,  wiiich  also  varies  greatly, — from  one  to  six  days  in  human 
beings, — the  rigidit)'  [jasses  off,  the  muscles  again  become  soft  and 
flexible;  this  plienoiuenon  is  known  as  the  re'lea«^  from  rigor.  In 
the  cold-blooded  animals  the  development  of  rigor  is  ver>'  much 
slower  than  in  warm-blooded  animals.  I'pon  an  isolated  frog's 
muscle  the  most  striking  fact  regarding  rigor  mortis  k  the  shortening 
thiit  the  muscle  undergoes.  This  shortening  or  contraction  comes 
on  slowly,  as  is  shown  in  the  accompanying  figure,  but  in  extent 
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it  exceeds  the  simple  contraction  obtainable  from  the  living  muscle 
by  rneann  of  a  maximal  stimnlns.  This  part  of  the  phenomenon 
18,  liowever,  much  k*ss  marked  appan'nily  in  mammalian  muscle, 
and  Folin*  states  that,  if  rigor  be  caused  in  frog's  muscle  by 
lowering  its  temperature  to  — 15°  C,  the  muscle  become.s  rigid 
merely  without  undergoing  any  shortening  nr  change  in  tnuishi- 
wney.  The  usunl  explanation  that  is  given  of  rigor  is  that  it  Is 
due  to  a  coagulation  of  the  fluid  substance,  the  muscle  plasma,  of 
which  the  fibers  are  constituted.  During  life  the  prnteins  exist  in 
a  licjuid  or  viscous  condition;  after  death  they  coagulate  into  a 
•olid  form.  This  view  is  referred  to  again  in  the  chapter  dealing 
w^ith  the  chemist r\'  of  muscle  and  nerve;  it  has  received  nmch 
pupport  from  the  investigations  of  Kuhne,t  who  proved  that  the 
muscle  plasma  is  really  coaguJable.  After  Urst  freezing  and  mincing 
the  uuiscloa  he  succeedetl  in  squeezing  out  the  plasma  from  the 
living  fil>ers  and  showed  that  it  subsetpiently  clotted.  While  the 
coagidation  tlieor>'  of  rigor  explains  the  greater  rigidity  of  the 
muscle,  it  does  not  furnish  in  itseJf  a  satLsfacton'  explanation  of 
the  shortening,  and  the  fact,  as  stateil  above,  that  the  rigidity 
may  oemr  without  the  shortening  indicates  that  this  latter  process 
may  possibly-  be  due  to  changes  that  precede  the  appearance  of 
rigidity.  In  addition  to  the  rigor  morti.s  that  occurs  after  death 
at  ordinan'  temperatures,  a  condition  of  rigor  may  be  induced 
rapidly  by  raising  the  temperature  of  the  muscle  to  a  certain  point. 
Rigor  induced  in  thL*  way  is  designated  a^  heat  rigor  or  rigor  caloris. 
Much  uncertainty  1ms  prevailed  as  to  whether  heat  rigor  is  ilifferent 
eaaentially  from  death  rigor.  According  to  some  physiologists,  the 
processes  may  Ije  regarded  as  the  same,  the  heat  rigor  being  simply 
a  death  rigor  that  is  rapidly  developed  by  the  Iiigh  temperature, 
this  latter  condition  accelerating  the  chemical  changes  leading  to 
rigor,  as  is  the  case,  for  instance,  in  the  action  of  chloroform.  This 
view  is  supported  by  a  study  of  the  chemical  clianges  tliat  take  place 
tmdcr  the  two  contlitions,  aa  will  be  described  later,  and  by  the  fact 
that  some  of  the  Gondii  icjus  that  ijifluence  one  phenomenon  have  a 
parallel  effect  upon  the  other.  For  instance,  death  rigor  is  accel- 
erat<Hi  by  previou.s  use  of  the  muscle,  and  the  same  Ls  true  for  heat 
rigor.  Wliile  a  resting  frog's  muscle  begins  to  go  into  heat  rigor, 
as  judged  by  tlie  shortening,  at  37"  to  40"  C;  a  muscle  that  has 
Ijcen  greatly  fatigued  shows  the  same  phenomenon  at  25''  to 
27"  C.J  According  to  other  obser\'ers,  heat  rigor  Ls  due  to  an 
ordinary  heat  coagulation  of  the  pn)leins  present  in   The   muscle 

•**  AliHTicun  Jouniut  of  IMijiuology,"  'J,  .'(74.  !VK>:i. 

f  Kahni*.  "  Art'Iiiv  f.  I'liVKioIocif.     IM.'iV.  r..  T^-X 

t  IjAtUnrt,  "  AiiirricHn  iimrimTnf  PI lysiofr •«>•."  2.  -".».  I8WI. 
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fiber.  It  has  been  pointed  out»*  for  instance,  that  in  frogs'  muscles 
three  different  proteins  are  known  to  be  present,  with  three  dif- 
ferent temperatures  of  heat  coagulation, — namely,  myogon  fibrin, 
35"  to  40®  C. ;  myosin,  47''  to  50°  C. ;  and  myogen,  58°  to  65°  C.  and 
that  when  the  linng  muscle  is  heated  what  is  ordinarily  designated 
as  the  contraction  of  heat  rigor  comes  on  at  the  first  temi>erature, 
35°  to  40°  C,  while  small  additional  contractions  occur  at  the 
temperatures  of  coagulation  of  the  other  two  proteins.  This  "\new, 
however,  does  not  make  clear  why  the  first  of  these  coagulations, 
that  of  myogen  fibrin  at  40°,  should  produce  such  a  large  contrac- 
tion, SO  to  90  per  cent,  of  the  total  shortening;,  although  this  protein 
is  present  in  smaller  quantities  than  the  other  two.  As  long,  how- 
ever, as  it  remains  uncertain  whether  or  not  the  sliortening  and 
the  coagulation  are  necessarj*  features  of  death  stiffening,  it  seenvs 
premature  to  speculate  upon  the  identity  or  difference  between 
the  coagulation  and  shortening  caused  by  death  and  the  similar 
phenomenon  caused  by  high  temperatures. 


PLAIN  OR  LONG  STRIATED  MUSCULAR  TISSUE. 

Occurrence  and  Innervation. — Plain  or  long  striated  muscular 
tissue  occurs  in  tlie  walls  of  all  the  so-called  hollow  viscera  of 
the  body,  such  as  the  aiteries  and  veins,  the  alimentary  caual, 
the  genital  and  urinar\'  organs,  the  bronchi,  etc.,  and  in  other 
special  localities,  such  as  the  intrinsic  muscles  of  the  eyeball,  the 
muscles  attached  to  the  hair  follicles,  etc.  In  stnicture  it  differs 
fundamcntully  from  cross-striated  muscle,  in  that  it  occurs  in  the 
form  of  relatively  minute  cells, each  with  a  single  nucleus,  which 
are  united  to  form,  in  most  cases,  muscular  membranes  constituting 
a  part  of  the  walls  of  the  hollow  viscera.  These  mujicle  cells,  in 
most  cases  at  least,  are  supplied  with  nen'e  fibers  which  originate 
directly  from  the  so-called  s^nipalhetic  nerve  cells,  and  only  in- 
directly, therefore,  from  the  central  nor\'ous  system. 

Speaking  generally,  the  contrattions  of  this  tissue  are  removed 
from  the  direct  control  of  the  will,  being  regulated  by  reflex  and 
usually  unconscious  stimulations  from  the  central  nervous  s>'Btem. 
All  the  important  mo\'ements  of  the  internal  organs,  or,  as  they 
are  sometimes  called,  the  organs  of  vegetative  life,  are  effected 
through  the  activity  of  this  contractile  tissue.  From  this  stand- 
point their  function  may  be  regarded  as  more  imi>ortant  than  that 
of  the  nmss  of  the  voluntari-  musculature,  since  so  far  as  the  mere 
maintenance  of  the  life  of  the  organism  is  concerned,  the  proper 
action  and  co-ordination  of  the  movements  of  the  ^isceral  organs 
is  at  all  times  essential. 

*  nrodie  ani  Kichurtison,  'Philosophical  Tr-ins.,  lloy.  Soo.,"  London, 
i899,  191,  p.  1*J7;  al^  Inagaki,   -Zeit-fclirift  (.  Biol./'  VMH\  xlviii..  313. 
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Distinctive  Properties. — ^The  phenomena  of  contraction  shown 
by  plain  muscles  are,  in  general,  closely  similar  to  those  already 
8tiulied  for  striated  muscle,  the  one  great  difference  being  the 
much  greater  sluggishness  of  the  changes.  Plain  muscles  differ 
among  themselves,  of  course,  an  do  the  striated  muscles,  but,  speak- 
ing generally,  the  simple  contractions  of  plain  muscle  have  a  ver^' 
long  latent  period  that  may  be  a  hundred  or  five  hundred  times 
as  long  as  <  hat  of  cross-etriated  muscle,  and  the  phases  of  shortening 
and  of  relaxation  are  also  similarly  prolonged;  so  that  the  whole 
movement  of  contractiftn  is  relatively  slow  and  gentle  (see  Fig. 
25).  Plain  mnscle  responds  to  artificial  stimuli,  but  the  electrical 
current  is  obviously  a  less  ade^iuate — t  hat  is,  a  less  normal— stimulus 
for  this  tissue  than  for  the  striped  muscle.    The  amount  of  current 
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-vp  of  ampte  euntraction  of   plain  mu.spl«.     The  middle  linp  'm  tb*  time 

'•'rvmlaoc  a  aMcmd.     The  lownnoAt  line  inthmtp.'*  at  the    hreak  the  iiu»- 

(itbort-lulinc,  toUuiutOK  rurrrnt).    It  will  ho.-«en  ihnt  the  latent  period 

•  ■{  of  stimulation  *ik1  beKinning  t,{  cooirmcUon   ii*  e(|ual  lu   about   ihne 


f  TO  make  it  contract  is  far  greater.    The  amount  of  con- 

u.-,  ;.v,.,  varies  with  the  strength  of  stimulus, — tliat  is,  the  tissue 
gives  submaximal  and  maximal  contractions.  Two  successive 
siinuili  properly  spaced  will  cause  a  larger  or  summate<l  contractifin, 
and  a  .scries  of  stimuli  will  give  a  fused  or  tetanic  contraction.  The 
rate  of  stimulation  necessary  to  produce  tetanus  is,  of  course,  much 
slower  than  for  cross-stripetl  muscle.  The  stomach  nmsclc  of  the 
frog,  for  instance,  recpiires  only  one  stimulus  at  each  five  sec- 
onds to  cause  tetanus.*  A  <]istinguishing  and  important  charac- 
teristic of  the  plain  musele  is  its  power  to  remain  in  tone, — that 
is,  to  remain  for  long  [x^riotL**  in  a  condition  of  greater  or  Ie«s  con- 
traction. Doubtless  this  tonic  contraction  under  normal  relations 
is  usually  dependent  upon  stimulation  received  through  the  ner- 
vous .system,  but  the  muscle  when  completely  isolated  from  the 

•  JV-hultz,  "Ziir  Pliyriologie  dfr  I-inpsgrsfreiften  (glattrn)  Miiskeln." 
".\rchiv  i.  Fhviiolojri*","  Miippl.  volume,  ltK)3,  p.  1.  See  also  Stewart,  "  Amer- 
icjui  Joiimul 


iviiolojri*","  Miippl.  volume,  ltK)3,  p.  \. 
i>t  PhyHiolog>-.'*  4,  185,  1900. 
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central  nervous  system,  whether  in  or  out  nf  the  body,  ponthuics 
to  exhiliit  the  plienoinenon  of  tone  to  a  remarkable  doKreo.  In 
most  of  the  or«!;ans  in  whieh  \Ai\m  niiisele  ornirs  there  are  present 
also  numerous  nerve  eclls.  and  it  is  therefore  still  a  f[uc»stion  lis  to 
whether  the  tonie  changes  shown  by  this  tissue  depend  upon  a 
proj^erty  of  the  muscle  itself  or  ujmn  their  intrinsic  nen'c  cells. 
Most  obser\Trs  adoj)t  the  former  view.  The  imt)ortanee  of  this 
property  of  tone  in  the  plain  niiiscle  tissues  will  be  made  fully 
apparent  in  the  descriptions  of  the  physiology  of  the  organs  of  cir- 
eulatiou  and  digestion.  Plain  muscle  may  exliibit  also  the  phenome- 
non of  rhythmical  activity. — that  is,  under  proper  conditions  it  may 
contract  and  relax  riiytlmiically  like  heart  tissue  *  Such  movements 
liave  been  obscr\'ed  and  studied  uf)on  the  plain  muscle  of  the  ureter, 
the  bladder^  the  esopliagus,  stomach,  and  other  portions  of  the 
aiimentar\'  canal,  the  spleen,  the  blootl-vessels,  etc.  This  proj)erty 
seems  to  be  very  iine<|ually  distributed  among  the  diffen^nt  kinds 
of  plain  muscle  found  in  the  same  or  different  animals,  but  this 
fact  serves  only  to  illustrate  the  jxiint  already  sufficiently  empha- 
sized, that  grouping  one  kind  of  tissuc^c.  g.,  plain  muselc^into 
a  common  class  does  not  signify  that  the  prof>erties  of  all  the  meni- 
l>ers  of  the  group  arc  identicaL  i'ho  cpiesl  ion  as  to  how  far  the  phe- 
nomenon of  rhylhniieal  conlmctioii  Ls  entirely  muscular  and  how  far 
it  depends  upon  intrinsic  ner\'e  cells  is  a  complex  one;  the  answer 
will  probably  van*  for  different  organs,  and  the  subject  will  therefore 
be  considered  in  the  organs  as  they  are  treated. 

Cardiac  Muscular  Tissue. — As  the  muscle  cells  of  cardiac 
tissue  are  sf)mc\vhat  intermediate  in  structure  between  the  striated 
fibers  of  voluntary'  muscle  and  the  cells  of  plain  muscles,  so  their 
physiological  propertiL*s  to  some  extent  stand  l>etween  these  two 
extrt^mos.  The  rule  of  contraction,  for  instance,  wlitle  slower  than 
that  of  the  filjcrs  of  skeletal  muscles,  is  moir*  nijad  than  that  of 
plain  muscle.  The  most  striking  pecnliarit\'  of  heart  muscle  is, 
however,  its  power  of  rhythmical  contractility,  an<l  this,  as  well  an 
it5  other  prot>erties.  is  so  directly  conrerned  with  its  functions  as 
an  organ  nf  tin  nlatiori  that  it  may  l>e  discussed  more  [^rofilably 
in  that  coimcctiou. 

Ciliated  Cells. — In  the  mammalian  body  the  plicnouieiion  of 
contractility  is  exhibited  not  only  by  the  well-defined  muscular 
tissue,  but  also  by  the  leucocytes  and  es[)ecially  by  the  cilia  of  the 
ciliated  epithelium.  Epithelium  with  motile  cilia  is  found  Iming 
the  mucous  membrane  of  the  air-fwissagcs  in  the  trachea,  larj'nx, 
bronchi,  and  nose,  in  the  lacrimal  duct  and  sac,  in  the  genital  pas- 
sages, utents  an<l  Kallopian  tu!»es  and  the  tubides  of  the  epididymis, 


*  Engrlmunn,  "Archiv   f.  d.  gc8.    Phvsiologie," 
"j\mpr.  Jour,  of  Physiology."  5.338.  1901. 
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and  in  the  Eiisiuchian  !ul»p  aii-I  pi\rX  of  the  middle  ear.  Sitnihir 
cells  are  found  lining  the  ventricles  of  the  hmin  and  the  central 
canal  of  the  cord.  The  cilia  in  tliis  latter  ])osil  ion  have  l^een  demon- 
»ratod  to  be  motile  in  the  fmg,  but  whethor  i  fiis  is  f  nie  for  the  mam- 
k1  has  not  been  shown.  So  also  in  the  neok  of  the  iiriniferous  tubule 
ciliated  cells  are  said  to  occur,  but  whether  they  are  motile  or  not  has 
not  been  demonstrated.  In  tlte  internal  ear  and  the  olfactory- mucous 
membrane  the  so-called  sense  cells  are  also  ciliated,  but  here  at  Iea.st 
the  cilia  are  probably  not  motile.  Ordinarily  eaeh  ciliated  epithelial 
cell  carries  a  bunch  of  cilia,  all  of  wliich  contract  together,  but 
motile  protoplasmic  prolongatifin.s  of  the  cell  may  occur  singly,  as 
is  illustrated  in  the  spermatozoa,  for  instance,  and  in  many  of  the 
protozoa  and  plant  cells.     In  the  lower  forais  of  life  cilia  play 

(bviously  a  ver>*  ini|Mirtant  nMe  in  loconiotiou,  the  capture  of  food, 
id  respiration,  and  liieir  form  and  manner  of  movement  var>' 
greatly.  'I'hc  form  of  movement  or  manner  of  contraction  was 
formerly  described  under  four  heads, — the  hook  form,  the  i)cndular, 
the  undulatorv'  or  wave-like,  and  the  funnel  form  or  intundibulary. 
With  the  exception  of  the  spernvitoxoa,  the  cilia  found  in  mam- 
mals show  the  first  form  of  cuutraition.  The  little  processes  are 
contracted  quickly  in  one  dii*ection.  so  as  to  take  a  hook  shape, 
and  then  relax  more  slowly,  the  relaxation  taking  several  timt^ 
&s  long  as  the  contraction.  The  whole  movement  is  rhythtnical  and 
vcr>'  rapiil.  The  cilia  of  the  epithelium  of  the  frog's  pharynx  and 
eisophagus.  which  have  l)een  the  moat  frequently  studied  in  the 
higher  animals,  contract,  according  U^  Kngelmaiin,  at  the  rate 
of  12  times  i^er  second.  When  a  field  of  epithelium  is  olwcM'ved 
under  the  micro3<'0|>e  the  rontractious  pass  over  it  in  a  dehuit^* 
dii-cction.  but  so  rapirlly  that  the  eye  Ls  not  able  to  analyze  them; 
one  obtains  the  impression  simply  of  a  swiftly  Mowing  current. 
As  the  cilia  l}egin  to  die.  their  movements  be<Hime  less  rapid,  and 
the  nature  of  the  contractions  and  iheif  progress  from  cell  to  cell 
can  lie  satisfactorily  determinc'd.  In  the  nuimmalia  the  function 
of  the  ciliate^l  epithelium  is  supposeil  to  Ije  entirely  mecltanical.  - 
that  is,  they  move  alont:  substances  lyuig  upon  them.  In  the 
oviducts  they  move  or  help  to  move  the  ovum  toward  the  uterus, 
id  in  this  latter  orgim  their  motion  i.-^  supposed  to  guide  the 
!rraat<>zoa  from  the  uterus  toward  the  i>viduct-.  -that  is. 
the  resistance  offered  to  the  motile  spermatozo-.i  guides  their  move- 
ments. So  ill  the  respirator>-  passages  foreign  particles  of  various 
sorts,  together  with  the  secretitm  of  the  mucous  ghmda,  are  moved 
toward  the  mouth,  the  effect  l)eing  to  free  the  air-pjLsaages  from 

obstruction.  The  contraction  ami  relaxation  of  the  cilia  aix* 
sumeti  to  be  phenomena  of  essentially  the  same  f>rder  as  those 

■xhibited  by  the  muscle  tissue.     A  iheor>'  that  will  adequately 
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explain  one  will  doubtless  be  applicable  to  the  other.  Many 
interesting  facts  have  been  established  regarding  ciliary  move- 
ments. The  contractions  of  the  cilia  in  any  given  field — the 
trachea,  for  instance — follow  in  a  definite  sequence  and  are  co- 
ordinated. The  waves  of  contraction  progress  in  a  definite  direction. 
This  fact  increases  greatly  the  effectiveness  of  the  cilia  in  per- 
forming work.  Thus,  in  spite  of  their  extremely  minute  size,  it 
is  estimated  that  an  area  of  a  square  centimeter  is  capable  of 
moving  a  load  of  336  gms.  The  contractions  are  automatic, — 
that  is,  the  stimulus  causing  them  is  not  dependent  upon  a  con- 
nection with  the  nervous  system,  but  upon  processes  arising  within 
the  cell  itself;  the  cilia  of  a  single  completely  isolated  cell  may 
continue  to  contract  vigorously.  The  movement  may  continue 
for  several  days  after  the  death  of  the  individual,  thus  again  showing 
the  physiological  independence  of  the  structure.  The  ciliated  cells 
may  conduct  a  stimulus  or  impulse  to  other  cells  even  after  its 
own  cilia  have  lost  their  contractility.  This  fact  is  particularly 
significant  in  general  physiology,  as  it  aids  in  showing  that  the 
property  of  conductivity  which  is  exhibited  in  such  high  degree 
by  nerve  fibers  is  possessed  to  a  lower  degree  by  other  tissues. 
The  ciliary  movement  is  affected  by  variations  in  temperature,  and 
if  the  temperature  passes  beyond  an  optimum  point  the  cilia  fall 
into  a  condition  resembling  heat  rigor  in  the  muscle.  Their  move- 
ments are  affected  also  by  the  reaction  of  the  medium,  being  at 
first  accelerated  and  then  slowed  or  destroyed  by  a  slight  degree 
of  acidity  and  favored  by  a  vcr>'  slight  degree  of  alkalinity.* 

♦  References  for  physiology  of  ciliary  movement:  Verworn,  "General 
Physiology,"  English  translation  by  I..ee;  Piitter/'Ergebnisse  der  Physiol- 
ogie,"  1902,  vol.  ii,  part  ii;  Engelmann,  article,  "Cils  vibratils,"  in  Richet's 
"  Dictionnaire  de  Physiologic,"  vol.  iii,  1898. 


CHAPTER    11. 

THE  CHEMICAL  COMPOSITION  OF  MUSCLE  AND  THE 

CHEMICAL  CHANGES  OF  CONTRACTION  AND 

OF  RIGOR  MORTIS. 


Muscle  Plasma. — The  beginning  of  our  present  knowledge  of 
the  chemical  compoHition  of  muscle  is  found  in  some  interesting  ex- 
periments made  by  Kiihne  upon  frog's  muscle.  Kiihne  froze  the 
li\*ing  muscle  to  a  hard  mass,  cut  it  into  fine  shavings  with  cold 
knives,  and  gn)und  the  jiieces  thoroughly  in  a  cold  mortar.  The 
fine  muscle  anow  thus  obtained  was  put  under  high  pressure  and 
a  ii(juid  expressed  which  was  assumed  to  represent  the  fluid  living 
substance  in  the  normal  filjer.  This  muscle  plasma  clotted  on  stand- 
ing, much  as  blood  docs,  the  muscle  clot  shrinking  and  s(|Ueezing 
out  a  muscle  serum.  Similar  experiments  have  since  been  per- 
formetl  by  Halliburton*  on  mammalian  muscle.  This  spontaneous 
clotting  of  the  living  plasma  has  l)«^n  held  to  be  important  in 
^showing  the  probalile  cause  of  <icath  rigor. 

Cvmjioaiiion  of  the  Miutelv  Plasma. — Using  the  term  muscle 
plasma  to  designate  the  entire  cont<?nts  of  the  muscle  fiber  within 
the  sarcolemma,  it  is  obvious  that  it  should  contain  all  the  con- 
stituents that  projjerly  lielong  to  the  muscle,  in  contradistinction 
to  the  substances  found  in  the  connective  tissue  binding  the  muscle 
filxjrs  together. 

The  constituents  in  addition  to  water  that  are  known  to  occur 
in  muscle  are  vcr>'  numerous  indeed,  and  difficult  to  classify.  They 
may  be  grouj^ed  under  the  following  heads:  (1)  Proteias,  (2)  Car- 
bohydrates and  fats.  (3)  Nitrogenous  waste  products.  (4)  Special 
suljfitances,  such  as  lactic  acid,  inosite,  inosinic  acid,  phosphocamic 
acid.  (5)  Pigments.  (6)  Ferments.  (7)  Inorganic  salts.  Very 
little  that  is  pasitive  can  he  stated  regarding  the  physiological  r61e 
of  most  of  these  constituents,  the  interest  that  attaches  to  them 
at  present  being  largely  on  the  chemical  side. 

The  Muscle  Proteins.f — The  proteins  of  the  muscle  have  been 
invedtigated  by  a  numl)er  of  observers,  but  unfortunately  the 


•  HjUlihurton.  "Jounml  of  Phy.'<iol(t|ry. 

t  Von  Fuiih,  "  Archiv  f.  exner.  Patli.  u. 
kW)  Ujillihurton,  "Jcmnml  of  PhyBioloffV.' 
Sotlroan,  ibid.,  24.  427,  1899. 
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tennlnolog;>-  employed  faaii  wot  been  uMtttam,  And  the  faeta  so  far 
as  they  asn  known  to  ua  seem  to  be  obviously  incomplete.  Ac- 
eonling  to  von  Fuxth.  two  protetOB  may  be  obtained  from  mam- 
mafifto  mtiacie  by  extracting  it  with  dilute  saline  sobttkosy — namely, 
myoain  and  myogen,  the  latter  exietiiig  to  three  or  four  times  the 
amcRUkt  of  the  former.  Myoam  t^^'^'g*  to  the  globulin  gmup  of 
pntems  (see  appendix) :  tC  is  miagiililBd  b3'  heat  2kt  44*^  to  Si°  C., 
it  is  precipitated  by  dialysis  or  by  weak  ackls*  it  is  easily  proripi- 
tated  from  its  sotutiocB  by  adding  an  exccas  of  neatral  salte^  such 
act  iioilium  cblocid,  mngwiniiiMi  or  ammonium  todphale.  With 
tbe  bat  aak  it  to  complete^'  precipkaled  when  the  snk  is  added 
to  one-half  aaturation  or  less.  Its  ma?t  interesting  property,  bow- 
ever,  is  that  on  standing  at  ordinary  temperature:)  it  passes  over 
JDSo  an  insohiblp  modifieatioa  wUcb  sepaiates  out  as  a  sort  of 
dot.  Following  the  tcxminology  used  for  the  blood,  the  insohible 
modificatioD  is  called  myosin  fibrin.  Myogen,  the  other  protein, 
ieemu  to  Eall  into  the  group  of  ■BMiminft  rather  than  globulins. 
It  k  not  prectpitateii  by  diaK^  and  requires  morv  than  half 
flattmuJoo  with  ammonium  :=ulphate  for  it.s  complete  preciplt;:&tion. 
It  B  coagulated  by  heat  at  a  temperature  of  55^  to  65*  C.  S^Iutiona 
of  myogen  on  standing  also  undergo  a  epeoBB  of  clotting,  the  in- 
aolubfe  proteia  that  b  formed  m  tills  caae  being  caDed  myogen  fibrin. 
It  mpptMiB^  huwcvei.  that  in  changing  to  myogen  gbrin  the  myogen 
pnaaea  thraagh  an  intermediate  stage,  designated  as  sohibfe  myogen 
flbrm,  in  which  its  temperature  of  heat  coagulatioa  is  aa  low  as 
30^  to  40*  C. — the  k)west  temperature  recorded  for  any  protein. 
Aa  was  stated  in  the  paragraph  on  muscle  rigor,  it  i»  known  that 
frog's  muacfe  goes  into  heat  rigor  at  about  37°  to  40*^  C.  and  in 
nccordance  with  th£»  fact  it  i:^  stated  that  this  protein,  soluble 
myogm  fibrin,  which  b  not  presient  in  mammalian  muscle,  occurs 
normally  in  the  muscle  of  the  frog  and  also  of  tbe  fishes.  On  tbe 
bwii  of  these  facts  the  rigidity  of  death  r^r  is  explained  by  as- 
— iwiwig  that  both  of  these  proteins  exist  in  tbe  living  muscle,  and 
that  after  death  they  undergo  a  partial  or  complete  coagulation 
according  to  the  foUowing  schema: 

M>-08in.  Mvogen. 

I  'I 

Myosin  fibrin.  Soluble  mvogeai  fibrin. 

"I 

Myogen  fil»in. 

IB  the  dead  muscle  we  should  find,  therefore,  the  insoluble 
in^oain  fibrin  and  myogen  fibrin,  together  with  more  or  less  of  the 
onginal  myosin  and  myogen.     Myogen  is  said  not  to  occur  in  the 
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mu>«'1e!^  of  the  invertebrates.  It  nhoulcl  bo  addtnl  that  after  the 
moet  complete  extraction  with  Muline  sohitions  the  muscle  fil>or  still 
retairLS  murh  protein  matenal.  and  its  striu'tural  appearanre.  sfi  far 
as  <'n*»-«t nation  is  coneerneii,  remains  unalteird.  The  [»ortion  of 
pmlein  material  I  bus  left  in  the  niusrle  Hlier  as  a  sort  of  skeleton 
frjimowork  Is  (lesi*:natefl  as  the  mus<*le  stponia;  it  is  not  solulile 
in  Mihitions  of  neutral  salts.  V)ul  dissolves  readily  in  solutions  of 
dilute  alkalief^.  In  stni>ed  n»usele  this  so-^-alled  stroma  forms 
alx>ut  ii  fXT  «*nt.  of  the  weight  of  the  musele;  while  in  the  heart 
niusele  it  makes  al»out  56  per  <'ent,,  aiul  in  the  smooth  musrie, 
72  per  cent.  It  is  at  present  uncertain  whether  the  myosin  and 
myopen  repre-senl  the  protein  constituents  of  the  eontraotile  cle- 
mentfi  of  the  mus^^le  filiei-s  or  of  the  undifferentiated  portion,  the 
haxcopbii^m.  The  protein  of  plain  muscle  tissue  and  of  cardiac 
muscle  have  not  received  so  much  attention  as  those  of  voIuntar\' 
iniutc'le.  It  is  stated,  however,  that  the  proteins  extracted  from 
tliej=c  tisftuee  by  salt  solutions  are  coa;ici»lab!e  on  standing;,  as  in 
the  cai*e  of  the  extracts  of  voluntary  nuisrle.  In  plain  musi'le 
two  proteins,  in  addition  to  .some  nudeoprotein.  are  des<*ril)e<l. 
one  I>elonging  to  the  aibuniiii  and  one  to  the  ^^lobulin  class,  but 
the  identity  or  relationship  of  these  proteins  to  tho*?e  above  de- 
scrilxsl  haH  not  l)een  estaiilished  In  heart  muscle,  myosin  and 
myo^en  o<'cur  in  practically  the  .same  proportions  jts  in  voluntary 
muscle,  but  the  amount  of  stroma  left  imtlissolved  after  treatment 
with  saline  solutions  is,  as  stated  alx)ve,  much  greater  than  In 
skeletal  musck?* 

The  Carbohydrates  of  Muscle. — Muscle  contains  a  certain 
amount  of  sugar,  dextrose  or  dextrose  and  Lsonialtose,  and  also 
under  nonnal  conditioas  a  considerable  ciuantity  of  glycogen,  or 
so-called  aninml  starch.  The  formation  and  the  consumption  of 
glycogen  in  the  body  constitute  one  of  the  most  interesting  chapters 
ill  the  physiology  of  nutrition,  and  the  relations  of  glycogen  will 
be  treated  moi^  fully  uniler  that  head.  It  may  l>c  stated  here, 
however,  that  the  muscular  tissue  has  the  power  of  converting  the 
sugar  brought  to  it  by  the  blood  into  glycogen.  This  glycogenetic 
action  of  the  muscle  is  representc*!  in  principle  by  the  reaction 

CH,/\  —  H,0  -  aH,A. 

DextroM.  Glvcocun. 

The  glycogen  thus  formed  is  stored  in  the  muscle  and  forms 

coiLstant  constituent  of  well-nourished   muscle  in  the  resting 

ilitlon,  the  amount  var>'ing  l>etween  0.5  and  0,9  jx^r  cent,  of 

the  weiglit  of  the  muscle.    The  glycogen  thus  stored  in  the  muscle 

*  Vincent  antl  Ix'wiH,  "  Joiiniiil  of  PliyKin|»»jfy,"  2rt.  44'>.  I*.H)I  ,  also  "Zfit- 
•^hrift  f.  pliymolog.  Chrmip."  :U.  417.  HH)!-?  ;  Stewart  ami  S*j||iiihn.  t'tr  nV.; 
&Ld,  "  HofniriKUTH  iWitrigc,"  ilMW,  ix.,  \. 
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is  consumed  by  the  tissue  during  its  activity,  and  it  is  ussumi 
that  liefore  it  is  thus  consumed  it  is  converted  back  into  sugar  l)y 
the  action  of  an  amylolytic  enzyme  contained  in  the  muscle.  The 
glycogen,  therefore,  itself  represents  a  local  deposit  of  carbohydrate 
nutritive  materia!,  resembling  in  this  respect  the  fat.  The  sugar 
and  the  glycogen  must  \ye  considered  as  one  from  the  standpoint 
of  the  nutrition  of  the  muscle.  During  musotilar  activity  the 
store  of  glycogen  is  used  up,  and  if  the  activity  is  sufficiently  pro^| 
longe<i  it  may  l>e  ma<le  to  disappear  entirely.  Among  the  many^ 
uncertain  and  contradictor}'-  statements  regarding  the  chemical 
changes  in  active  muscle,  this  fact  stands  out  in  pleasant  contrt 
as  one  that  is  satisfactorily  demonstrated. 


3 


Phofiphocamic  Acid  (IVucleon]. — A  peculiar  substance  containing  pb 
phonis  wa«  iliKcctvoriHl  by  Siegfried  in  tlu*  muwlr  cxtnirtii.*  This  mibHtance 
rtcems  to  rcticmlilc  tlie  protpinSf  but.  lifts  ft  romplex  and  peculiar  atructure,  as 
is  shown  by  it«  upHt  products  wlicn  hydrolyz«l  by  Lioilm^  with  ban'ta  water.  ^ 
I'jidcr  tli('«"  conditionB  there  arc  fomicil  cnrlKm  diuxid,  phosphoric  acidj^| 
a  carbuhvdrjile  btidj',  ejUCL*iinc  and  lactic  acids,  and  a  cryKlallizablc  nitroi;cn-'^H 
ous  aciif  btxiy  which  is  designate-*!  us  eartuc  ucid  (C,yHnNgO,,).  Siegirifd 
Bssunies  thiU  ihiy  latter  mibpt^ince  if*  identical  with  one  of  the  peptones 
(antipcptune)  formed  during  digotioii,  and  conceives,  therefore,  that  his 
plio*«phorarnic  acid  i«  a  complex  mibfitanre  built  up  from  a  iK*|>tone  and  a 
phoflphonis-containiniK  compound,  ('nnipdunds  of  simple  pmteinn  with 
p]H9s[>hi)i-Lis-i-tii]Tititutiji!;  bodies  (nucleic  ucid?*)  are  designated  usually  as 
nuniriuH  ;  for  this  compound  of  a  [wptone  with  a  phosphorus-conliiiniiig  com- 
plex Sjegfriefl  suggests  the  nanje  of  nucie<jn.  Hy  the  adtlition  of  ferric 
chlorid  the  nuclcfin  is  precipitated  remlily  from  mtwcle  extracts  as  an  iron 
compound,  carniferrin,  and  tmdcr  tins  nunie  ha«  come  into  the  market  as  a 
prL<JJunia1>iy  etficient  ihcrapeulic  pn-pariilinn  of  iron.  The  discoverer  of 
nueU'on  has  attributed  to  it  a  verj*  grfiit  physiiilogicat  inijKirtancc,  a.^  a  source 
of  eiurgy  to  t-lu'  muscle,  and  an  an  ettjcieni  nifanf*  of  triinsi»ortation  of  iron. 
calriuMi,  potas.'iiimi,  arul  magnesium  into  the  muscle  sub.'^tancc,  [inrticularly 
in  Huch  articles  of  diet  a.s  soups.  iKtuillon-s,  meat  extracts,  etc.  It  must  w* 
Ktate<l,  however,  that  there  still  remnin*;  duubt  ii»  to  the  ehemical  individuahty 
of  the  nudeon  or  the  nucleon.x.  their  exirttence  in  noniml  muscle,  and  their 
phyMological  r6le.  The  substance,  whether  a  weH-dcfincd  chemirnl  indiviiluaJ 
t»r  not,  is  niiwt  interesting.      Its  prt»|>erlics  are  sucti  n>  would  aiil  in  exphiining 


the  occtirrcnce  of  siime  of  the  known  proihicls  of  the  chemical  clmnges  during 
contracti*m;  but  obviously  further  investigation  is  f^till  neeiied  before  suco^h 
an  applieaiiim  can  Ije made  with  confidence.  ^H 

Lactic  Acid  (C^H^p^). — Lactic  acid  ii  foun<l  in  vaiyin^  amounts 
in  the  e.xlracts  c^f  nmscle.  The  acid  that  is  ol>taiiit^d  is  tlie  j^on^alk^ii 
ethidene  lactic  aciil  or  «-lmlro.\ypropionic  acid  (CH.,rriOH('OOH), 
and  differs  from  the  lactic  acid  found  in  sour  milk  in  that  it  ro- 
tates the  plane  of  polarized  li>cht  to  the  right.  The  lactic  acid  in 
sour  milk  is  i>roduced  hy  Uarteriid  fermentation,  and  is  inactive  to 
polarized  light.  iKjcause  it  exist.s  in  raceniic  form  :  that  is,  it  con- 
sists of  equal  amoimts  of  the  right-handetl  form  which  turns  the 
plane  of  polarization  to  the  right  and  of  the  left-lianded  form 
which  turns  it  to  the  left.     In  the  muscle  the  ri^ht-handed  form 


1809. 


•  SiegfriLHl,  ■'  Zeit«;hrift  f.  physiol.  Chemie,"  21.  360,  1896  ;  alao  28.  524^ 


THE  CHEMISTRY  OF  MUSCLE. 


61 


is  found  inainly  or  only,  and  this  form  therefore  is  frequently 
late^l  as  sarcolactic  (or  paralactic)  acid. 

The  nitrogenous  Extractives  (Nitrogenous  Wastes), — 
Muscle  extracts  contain  numerous  cnstallizable  nitrogenous  sub- 
stjiuces  wliieh  are  regardetl  aa  the  end-products  of  the  disaKsimila- 
tion  or  catabolism  of  the  livinp  pmt^in  material  of  the  muscle. 
The  number  of  these  substaiu-e.s  that  have  been  found  in  tracei*  ur 
vrei^chable  quantities  is  i-ather  large.  They  have  aroused  great 
interest  l>e<!ause  their  structure  throws  some  hght  on  the  nature 
of  protein  catabolism.  The  one  that  occurs  in  largest  amotiut  is 
creatin,  CiH^NjO,.  or  methyl-guanidin-acotic  acid,  NHCNHjXCH,- 
CH,CrX)H.  Creatin  may  \ye  present  in  amounts  equal  to  0.3  jxr 
cent,  of  the  weight  of  the  mus<*le.  It  is  supposed  to  ])e  Riven  oil 
to  the  blood  and  eventually  excreted  in  the  urine  as  creatinln 
(C,H.\,0»,  which  is  formed  from  creatin  by  the  loss  of  a  molecule 
of  water  (seep.  780).  The  creatinin  it.sejf  may  occur  in  the  muscle 
in  small  quantities.  In  addition  there  is  a  ^r^up  of  lM>di«\s  supposetl 
to  represent  the  end-products  of  the  f>rcaking  up  of  the  nurleini 
of  the  mustile,  all  of  wliich  belong  to  the  so-calleil  purin  bases.  These 
app  :  Uric  acid  (r,H,N,0,).  xanthin  (C.H^N.Oj.  hv|><ixanthin 
«.'jH,N,0),  guanin  (C,H,N,d).  adenin  (C\H,N,i.  and  curuin  (C.H,- 
NjO^.  They  will  be  referred  to  more  fully  in  the  sertion  on  Nutri- 
tion. Still  other  botlies  of  similar  physiological  signihcanre  have 
b«en  deBcribed  from  time  to  time.  These  nitrogenous  product.s  are 
found  in  the  vaiious  meal  extracts  ami  meat  juices  used  in  dietetics. 
While  they  possess  no  direct  nutritive  value,  it  seems  ].»rohable  (see 
chapter  on  Gastric  Digestion)  that  they  may  i>e  veiy  effective 
ir;dir<*<'tly  by  stimulating  the  secretion  of  the  giistric  glands. 

Pigments. — The  red  color  of  many  muscles  is  l>elieved  to  !>e 
due  to  the  presence  of  a  special  pigment  which  resembles  in  its 
structure  and   its  properties   the   hemoglobin   of  the   red  blood 

lusclcs,  and  perhaps  is  identical  with  it.    This  pigment  Ls  known 

myohematin  or  myochrome.  It  l^elongs  ])rcsumably  to  the 
group  of  so-called  respimton-  pigments,  which  have  the  property 
of  holding  oxygen  in  l<»oso  combination,  and  by  virtue  of  this 
prujjeriy  it  takes  jmrt  in  the  absorption  <»f  oxygon  by  the  muscular 
tissue. 

Enzymes. — A  numl^er  of  unorganized  ferments  or  enzymes 
hsive  been  descrilx»d  by  one  oliser\er  or  another.  In  this  tissue 
as  In  others  the  proce**ses  of  nutrition  seem  to  be  connected  with 
thr  <levelopment  of  sptn-ial  enzv'mt"^.  A  proteolytic  enz}-me  capable 
of  digesting;  pnit<«ins  has  iH?ea  des<  lilied  by  Brucke  and  other*; 
nn  amylolytic  enzyme  capable  of  converting  the  glycogen  to  sugar 
by  NrtHse  '.  a  glycolytic  enzyme  capable  of  desti-oying  the  sugars 
by  Bninton,  Cohnheim,  and  others  ;  a  lipase  capable  of  splitting 
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^M  Li  lil>erat<>(J.  It  has  been  shown,  however,  in  the  frog's  muscle 
H  freshly  removed  from  the  IxkIv,  that  the  CO,  b  produced  whether  or 
^M  not  any  oxygen  is  s'upplie<l  to  the  muscle, — that  Is,  when  the  muscle 
^m  is  made  to  contract  in  an  atmosphere  containing  no  oxygen,  or 
^B  in  a  vacuum.  In  this  respect  the  parallel  JDetween  physiological 
^M  oxiiiation  and  ortiinarv*  combustion  fails.  Wood,  oil,  and  other 
^m  comhustible  material  cannot  be  burnt  at  high  lempt^ratures  in 
H  the  absence  of  oxygen.  We  must  l>elieve,  therefore,  that  in  the 
^m  muscle  there  is  a  supply  of  stored  oxygen,  and  that  the  muscle 
^1  will  give  off  COj  as  long  as  this  supply  lasts.  The  oxiddtion, 
^M  instead  of  l>eing  direct,  as  in  the  case  of  corabustious.  Is  in<lii'ect. 
^1  Tlie  views  regarding  the  nature  of  the  oxidations  in  the  body  are 
^K      treats  in  the  section  on  Nutrition. 

^1  The  oxygen  is  absolutely  necetiisary  to  the  normal  activity  of 

^m  the  muscular  tisaue,  l)ut  the  tissue,  by  stt>ring  the  oxygen,  can 
^B  function  for  some  time  when  tlie  supply  is  suspendwl.  Aa  Pfluger 
^B  hast  expressed  it.  in  a  most  intei*estiiig  j)ui>er,'^  the  oxygen  is  Uke 
^B  the  spring  t-o  a  clock  :  ouce  woun^l  up.  the  clock  will  go  for  a  cer- 
^B  Uiin  time  without  further  winding.  It  must  be  borne  in  mind, 
^B  however,  that  different  tissues  show  considerable  variation  in  the 
^B  time  during  which  they  will  function  nomially  after  suspension 
^B  of  their  oxygen  supply.  The  cort«*x  of  the  brain,  for  instance, 
^B  loses  its  activity,  —that  is,  unconaciousne-ss  ensues  almost  inmie- 
^B  diately  upon  cessation  or  serious  diminution  in  the  supply  of  blood. 
^B  and  the  same  may  l>e  said  of  the  functional  activity  of  the  kidney. 
^B  In  the  cold-bioodeil  animals,  with  their  slower  chemical  changes, 
^M  the  supply  of  stored  oxygen  maintains  irritability  for  a  longer 
^B      time  than  in  the  warrn-blooded  animals. 

^B  Disapj)earnnce  of  the  Ghfcotjm. — An  equally  positive  chemical 

^^L  :<hange  in  the  miis'jle  tlurinir  contraction  is  the  dis;ippearance  of  its 

^P^'^eontaineii  glycogen.     Satisfactory  pr(X)f  has  l>een  fumislietl  that  the 

amount  of  glycogen  in  a  muscle  disappears  more  or  less  in  proportion 

LXx>  the  extent  and  duration  of  the  contractions,  and  that  after  pro- 
longe*^!  m)is<'ular  activity,  especially  in  the  starving  amnial,  the 
supply  may  l)e  exhausted  entirely.  In  what  way  the  glycogen  is 
con-»-umed  is  not  completely  known;  the  matter  Is  <liscusse<l  in  the 
section  on  Nutrition.  The  most  probable  view  is  that  the  )«ly<'ogen 
i^  first  ronvertetl  to  sugar  (dextrf>se)  by  the  artitm  of  iin  amylolytic 
mzyrae.  and  the  sugar  in  turn  is  destroyetl  liy  the  serial  action  of 
Hevenil  enzymes.  The  first  step.  pn>bably.  is  a  i-onversioii  to  luetic 
acid  {<',H,/),  ^  liC^IifiO^i.  ami  the  lartir  »eid  then  undergoes 
oxi<lution.  with  the  production  of  CO,  and  H,0.  under  tlie  influence 
of  an  oxiiii/.ing  enzyme,  either  din»<'lly  or  after  conversion  to  still 
iuA^'^r  m-'tnlters  of  the  fatty  acitl  .series  (acetic  or  formic  aciti). 
•Pflfijprr,  "Arcliiv  f.  die  gceaininte  PhysioUigie,"  10,  251,  1875. 
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It  is  in  the  last  step,  that  of  oxidation,  that  the  heat  energy  is  given 
off.  The  fact  that  the  glycogen  disappeare  as  a  result  of  the  < 
tractions  does  not  mean  necessarily  that  this  substance  or  the 
Bugar  into  which  it  i.s  converted  is  absolutely  necessary*  for  the 
chemical  ("lianges  of  contniction.  It  is  stated  that  the  muscle  will 
continue  to  contract  after  all  it.s  glycogen  is  used  up*;  still  it  must 
be  Iximc  in  mind  tliat  the  using  up  of  the  local  store  of  glycogen 
does  not  mean  that  all  the  sugar  supply  of  the  body  is  consumed. 
After  the  most  prolonged  starvation  the  blood  contains  its  norma! 
supply  of  sugar,  and  we  can  only  suppose  that  this  sugar  comes 
from  the  material  of  the  bo<iy  itself,  probably  from  its  proteins, 
and  it  remains  quite  possible  that  a  constant  supply  of  sugar  from 
some  source  is  necessary  to  the  chomicul  changes  that  occur  in 
i»ormaI  contractions. 

The  Formatioti  of  Lactic  Acid. — The  lactic  acid  that  is  present 
in  the  muscle  is  believed  to  be  increased  in  quantity  by  muscular 
activity.  Attention  was  first  called  to  this  point  by  du  Bois- 
Reymond.  who  showed  that  the  reaction  of  the  tetanizetl  muscle 
is  distinctly  acid,  wliile  that  of  the  mating  muscle  is  neutral  or 
slightly  itlkaline.  This  fact  can  In?  demonstrated  by  the  use  of 
litmus  paper,  but  perhaps  more  strikingly  by  the  use  of  acid  fuchsin.t 
If  a  solution  of  acid  fuchsin  is  injectetl  under  the  skin  of  a  frog  it 
is  gradually  :il)S<>rl>ed  and  distributeil  to  the  bo^ly  without  injuring 
the  tissues.  Jn  the  normal  media  of  the  body  tliis  solution  remains 
colorless  or  nearly  so.  If  now  one  of  the  legs  is  tetanized  the 
muscles  lake  on  a  red  color,  showing  that  an  acid  is  produced  locally. 
The  supposition  generally  made  is  that  the  acidity  during  activity 
is  due  to  an  iiicrcasetl  proilviclion  of  sarcolactic  acid.  Experiments 
have  l)ecn  marie  by  a  numl)er  of  observers  to  determine  quantita- 
tively the  amount  of  lactic  acid  in  the  resting  ami  the  worked 
muscle  respectively.  Several  have  stated  that  the  amount  is  act- 
ually ie.-^s  iu  the  worked  muscle;  others  have  ft>vind  an  increase. J 
The  balance  of  evidence  seems  to  show  that  there  is  an  increased 
pro<luction,  but  that  this  increase  may  be  obscured  in  the  living 
animal  by  the  fact  that  the  acid  is  removed  by  the  circulating 
blocxi.  In  accordance  with  this  view  we  find  that  the  so-called 
titration-alkalinity  of  the  Itlood  may  be  dei-rea-^^ed  after  muscular 
activity,  and  some  observei-s  have  shown  that  the  lactates  in  the 
blood  are  correspondingly  increased.  That  lactic  acid  is  produced 
in  the  livintr  muscle  i.s  shown  by  experiments  §  in  which  blood  was 
transf\ised  for  several  hours  through  the  legs  of  a  freshly  killed 
animal.     In  .such  cases  the  amount  of  lactic  acid  in  the  blood  was 

*Jpnwn,  "  Zoitsclirift  f.  iiliv>*ioI.  t'liemie."  35,  525. 

tDrcscr.  "  CVntniUtliitt  fiir'PiiVftioIoKie."  I.  11>5,  1887. 

X  Wertlipr.  "  Pfliiger's  Archiv.'   -»«>.  *i3,  ISfK). 

«  BerUnerblau,  "Archiv.  f.  cxp.  Path.  u.  Pharni.."  23,  333,  1887. 
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ly  increased.  We  must  believe,  therefore,  that  lactic  add 
Is  a  comitant  product  of  the  chemiral  changes  of  nutrition  going 
on  in  the  muscle,  and  that  its  production  is  increfise^l  l>y  the  greater 
clienucal  activity  which  occurs  during  visible  contraction.  Normally 
we  must  suppose  that  this  lactic  acid,  as  statetl  al)ove.  undergoes 
oxidation  with  the  production  of  heat,  and  this  oxitiation  takes 
place  in  the  muscle  itself.  When  the  prcwJuction  is  rapid  or  ex- 
cessive some  may  he  carried  off  by  the  blood  and  ^»e  oxidize<i  else- 
where or  even  be  excrete<i  in  the  urine  as  a  lactate.  The  increased 
acidity  of  the  muscle  during  activity,  especially  when  the  circulation 
Ja  interrupted,  is  referable,  in  the  long  run,  to  this  greater  production 
of  lactic  acid;  but  as  the  acid  after  ita  formation  probably  reacts 
with  the  alkaline  salts  pi'eeent  it  is  frequently  stated  that  the 

ual  acidity  shown  to  litmus  or  other  indicator  is  due  to  acid 
Its  produced  by  reaction  with  lactic   acid,  presumably  the  acid 
phosphate  of  jxttassium  (KH^POj. 

Much  interest  has  t>een  shown  in  the  question  of  the  origin  of 
the  lactic  acid.  According  to  winie  observere,  it  arises  from  the 
carbohydrates  in  the  muscle,  the  glycogen  or  the  sugar.  In  support 
of  thL*  view  it  has  l>een  claimed  that  in  contraction  and  especially 
in  rigor  mortis  the  glycogen  dlnappears  as  the  lactic  acid  increases. 
This  relationship,  however,  is  ilenied.  as  far  as  rigor  mortis  is  con- 
cerned, by  competent  oljservers*.  Cheaiical  studies,  however. 
upon  the  action  of  the  enzymes  contained  in  muscle  tend  strongly 
to  support  the  view  that  Tu»rinally  the  glycogen  after  conversion 
to  sugar  is  split  first  into  lactic  acid  l)efore  undergoing  oxidation 
(consult  section  on  Nutrition,  p.  824).  Another  suggestion  is 
that  the  lactic  acid  arises  from  the  pht^phocamic  acid  described 
alWTfi  This  compound,  when  spht  by  hydrolysis,  yields  lactic 
aeid:  so  that  if  we  could  obtain  convincing  proof  that  such 
a  compound  exist**  in  living  muscle  it  would  serve  very  well 
to  explain  the  production  of  lactic  acid.  From  experiments 
made  upon  general  nutrition  it  hjis  lx«en  shown  that  in  birds 
the  uric  acid  in  the  urine  is  replaced  largely  by  lactic  acid 
(ammomium  lactate)  when  the  liver  is  excis(»d.  Under  these 
conditions  the  quantity   of   lactic   acid   secreted   varies  with   the 

umin  destroyed  in  the  body,  and  some  phN-siologists  are  of  the 
that  the  lactic  acid  producetl  in  the  muscle  or  in  other 
IS  derived  from  the  breaking  down  of  the  hving  protein 
materiaL  A  decisive  answer  to  this  problem  is  not  po-ssible  at 
proaent,  but  it  may  \te  said  perhaps  that  the  trend  of  modern  work 
tends  to  support  the  view  that  lactic  acid  con-stitutes  what  is  called 
an  intermediary  product  in  the  metabolism  of  the  sugar  (glycogen) 
of  the  muscle. 

•  B^Vhm.  "  Pfluger*9  Archiv  f.  d.  gesammto  Phyriologie,"  23,  44,  1880. 
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f%t  Pmmaiion  of  Creaiin. — Creiitin  constitutes  the  chief  niti 
»5te  pnxliK't  in  the  muscle,  and  wo  should  expect  that  the 
isetAbolistn  during  activity  would  result  in  an  increaise  in 
dn  crefttin.     Some  observers  state  positively  that  the  creatin  is 
jiioird  duriiif;  contraction. 

Chemical  Changes  during  Rigor  Mortis. — The  chemical 
changes  »lurlng  ri^or  have  beiui  referre<l  to  above,  but  may  be 
sunwnarizeii  here  in  brief  form  : 

I  Th»»pp  is  a  coapilation  of  the  protein  material  of  the  muscle 
phisma.  which  at  pn?isent  may  lie  explained  by  supposing  that  the 
contHirieil  iny(»sin  and  myogen,  spontaneously,  or  under  the  action 
of  an  cnAvmr.  pass  into  their  insnhible  forms. — namely,  myosin 
fibrin  and  niyoi^cn  rd)rin. 

2.  Thcrp  ih  an  increasotl  acidity,  tine  doubtless  to  a  production 
uf  liictio  mvkL 

d»  There  ia  a  production  of  COj.  Hermann,  in  his  original  e\- 
|i,m'  .  aM<)ort?4  that  in  rigor  there  is,  so  to  speak,  a  maximal 

III. .  I  tif  (t ),,— that  is,  ail  of  I  lie  material  in  the  muscle  capable 

4)1  yu^ltliuK  ^^*j  i**  bn)Kcn  down  ihiring  rigor.  The  amount  of  CO, 
glvi'U  olT,  thorvfoTH>,  by  a  resting  muscle  when  it  goes  into  rigor 
U  Kiw»l**r  tliaii  in  the  ease  of  a  worked  muscle,  since  in  the 
Utti'i  Minio  i»t  tl»c  nmteriul  capable  of  yielding  CO,  has  been  used 
up  ilurtnic  conimction. 

4,  Tin*  iMm«uni|ititin  of  glycogen.  According  to  some  observers, 
glv(Mtit(Mi  illMpiM'tir*  during  rigor  as  it  does  during  contraction; 
|iul  ti»hi^r«  hiitl  that  the  amount  is  not  changed  during  this  process 
^\      '  '1  idtcr  death  b.  converted  to  sugar  with  some  rapidity 

*i  I      '.  it  the  disiipi>earan<'o  noted  by  the  former  observers 

ttA«  hot  duo  to  Um'  rigor  prtwtvss,  but  ttt  post-inorteni  fermentation.* 
lh»  Mtlatlon  of  the  Chemical  Changes  during  Contraction 
IM  ^(tliMU*  ;  Chemical  Theory  of  Fatigue. -As  we  have  seen,  a 
MUH'I**  t»»'P*  '•*  t^oiitiiUHMis  coutnLction  smm  shows  fatigue;  it 
r4ilH%t">  ti»»»'«^  •*'»**  "'**'■**  ""*''■  "*  "^t^*!^  *^^  wnstant  stiinulation,  it 
liV-WUlH**  tHUnpliMtdy  unirritablc.  We  may  define  fatigue,  there- 
It, l^i,  KN  u  niiih'  01*  lew*  iMiuiplete  loss  of  irritability  and  contractility 
iMIMillld  MU  Itv  (uuclitmal  activity.  But  even  when  the  fatigue  is 
willtplttUt  «»»*  '***'  iiiUf»clc  fails  U}  respond  at  all  to  maxima! 
ililmiilHti'»»b  •*  ^'*'*>'  "*'**''*  *"'**''^"^*  "*  ^'^^  ^^  huliicient  to  bring  about 
^^^^^t^  ivluth  uf  IvrUnbilily.  For  a  complete  restoration  to  its 
,  .„iitit»ii  a  long  inter\-al  of  time  may  Ix"  necessary.  If 
[,  ,     |„  jMtilulcit  fn»ni  the  body  and  thus  depriveti  of  its  cir- 

M  (OWiViM'V  ri>»in  fatigue  is  less  rapid  anti  less  complete 
UOlMMil  coudllioHH.  In  such  an  is(»laled  muscle,  more- 
||tiJll»«l*t¥r'»      Hi'Hrtiito  mir  chotii.   Physiol,   u.    PatUol.."  viii., 
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over,  if  provision  is  made  to  irrigate  it,s  blood- ves.se I*;  w-ith  a  soliiiioii 
of  physiological  valine  (NaCl,  0.7  per  cent.)  the  recover>'  from  fatigue 
ia  hastened.  These  factH  seem  to  inrlicate  clearly  that  fatigue  is 
not  tlue  to  a  complete  consumption  of  the  nuitcrini  in  the  muscle 
that  stipplies  the  energy  for  the  contractions.  Ju  4>lher  words, 
fati^c  as  it  usually  presents  itself  to  us  in  life  or  under  e.xperi- 
mental  conditions  iy  a  phenomenon  different  from  exhaustion. 
Ranke.*  who  made  the  first  complete  study  of  this  subject,  was 
eonvinee<l  that  a  muscle  when  tetanizcd  to  the  |X)int  of  comi>lete 
fatigue  consumes  only  a  fraction  of  the  oxidi^ablc  or  encrg\-yiekling 
material  contained  in  its  substance.  He  believed  tlrnt  there  exists 
in  the  fatigued  muscle  a  somctlung  brought  into  exlKtcnee  by  the 
contmction  it-self,  which  retards  or  preventn  further  physiologieal 
oxidation.  In  sup|>ort  of  this  view  he  found  that  if  an  extract 
was  made  froni  the  fatigued  mu.scles  of  one  frog  ami  injected  int*) 
the  circulation  of  a  second  frog,  the  musclus  of  this  latter  animal 
gave  eviileuce  of  fatigue, — that  is.  they  showed  drrnhiished  jxjwer 
of  contraction  upon  slinuiliition.  A  similar  ex[x*rirnont  made  with 
an  extract  from  a'sting  muscle  gave  no  such  effect.  Investigation 
of  the  separate  products  formed  in  a  muse  If  <luring  contraction 
demonstrate  that  the  sarcolactic  acid,  acid  potassium  phosphate. 
snd  rarlton  dioxid  aie  apparently  jesponsihie  for  tliis  effect. f 
Acconliug  to  these  experiments,  the  accunudation  of  these  protlucts 
iH  res{>onsible  for  the  ap{)earance  of  fatigue:  the  muscle's  own 
metnbolic  pnMluct.s.  therefore,  serve  to  hmit  its  resix)nsiveneiw  to 
stimulation,  anti  thus  form  a  pmtective  mechanism  that  savt^  it 
from  romplete  exhaustion.  Under  normal  roaditious  these  pnnl- 
ucts  are  quickly  removed  by  the  bkHMl  or.  in  the  rase  of  the 
lactic  acid,  destroyeil  by  oxidation.  It  should  be  a<lde4i  that  Lee 
has  published  exi>erimenls  which  indicate  that  the  first  effect  of 
tliese  so-called  fatigue  substances  h*  to  increjise  the  irritability  of 
the  muscle,  while  the  later  effect  is  to  diminish  the  irntability  t»r 
to  tiupprcsH  it  altogether.  In  this  initial  favoriui;  hdiuence  Lee 
finds  jm  explanation  of  the  phenomenon  of  Trepi>e  (see  p.  33). 
ThU  chemical  theon,'  of  fatigtie  does  not,  however,  explain  all  the 
plienomena.  particularly  the  after-resivdt.s.  As  was  stated  in  descril>- 
ing  the  experiments  mavie  with  the  ergograjjli,  a  ver>^  short  rest 
HufBt-es  tn  make  tlie  mu.scle  again  capable  of  lifting  its  load,  but 
a  vcr>*  long  inter\'al  of  rest,  two  hours,  may  l>e  require<l  l>efore  the 
muvie  is  rcstoiYMJ  entirely  to  its  normal  condition.  Such  a  long 
interval  Is  evidently  not  necessary  for  the  i-emoval  of  the  metal>olic 
products,  and  we  must  recognize  that  a  part  of  the  fatigue  is  due  to  a 

iH«i(Hi  uii'l  <'\|M'ritn(n!->.  tii'p   \a^'  :    Hnrvpy   I>M.'turf-».   I!l05-0fl, 
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usinp:  up  of  the  material  from  which  the  ener^>'  is  obtained.  That 
is,  during  contraction  the  proress€>s  of  (IL^as^imiUitinn  or  catalx>lisni 
are  in  excess  of  those  of  a.ssimilation  or  anatmlbnn,  so  that  at  the 
end  of  prolonged  muscular  activity  the  muscle  contains  a  diminished 
supply  of  oxidizable  or  ener^'-yielding  material  To  supply  this 
deficiency  new  food  material,  inchiding  under  this  term  also  the 
necessarTi'  oxygen,*  must  be  asf^imilated  by  the  muscle.  We  must 
suppose,  therefore,  that  two  factors,  accumulation  of  the  products 
of  metabolism  and  exhaustion  of  energii'-xneldins  material,  co- 
operate to  produce  the  conditions  actually  observed;  but  the 
former  of  these,  the  formation  of  metabolic  prwlucts,  seems  to  be  the 
protective  mechanism  that  is  especially  adapted  to  save  the  muscle 
from  complete  exhaut<tion.  In  what  way  these  prtHiucts  deprees 
the  irritability  and  contractility  of  the  muscles  is  not  known;  their 
presence  may.  as  Ranke  supjxjsed,  prevent  the  underljnng  chemical 
changes,  the  so-called  physiological  oxidations,  or  their  action 
may  be  exerted  on  the  contractile  machiner>*  alone. — that  is,  the 
mechanism  by  means  of  which  the  shortening  is  effected. 

Theories  of  Muscle  Contraction. — It  is  universally  admitted 
that  the  ultimate  cause  of  the  muscle  contraction  is  the  chemical 
change  cause<i  by  the  stimulus.  While  the  nature  of  this  chemical 
reaction  is  not  known,  it  is  admitle<l  also  that  it  consists  in  a  process 
of  >T)litting  and  oxidation  whereby  large  and  relatively  unstable 
molecules  are  reducetl  to  smaller  and  more  stable  ones,  such  as 
H,0  and  the  Ci\  and  lactic  acid  which  we  rw'ognize  among  the 
products.  This  reaction  is  exothermic. — that  is, some  of  the  chemical 
or  internal  energ>'  of  the  complex  compound  is  liberated  as  heat. 
Both  of  these  results  are  so  frequently'  obsen'ed  in  other  chemical 
reactions  that  they  call  for  no  sf>ecial  comment  in  this  case.  The 
jxirticular  problem  neganling  ihe  muscle  Ls  how  this  chemical 
reaction  leads  to  the  shortening  of  the  muscle  and  thereby 
makes  it  do  mechanical  work.  We  must  assume  that  there  is  some 
mechanism  in  the  muscle  by  means  of  which  the  energ>-  liberated 
during  the  chemical  change  is  utilize<l  in  causing  movement,  some- 
what in  the  same  way  as  the  lieat  energ>-  developed  in  a  gas-engine 
h  converted  by  a  mechanism  into  mechanical  movement,  or  the 
electrical  energ>*  in  the  coils  of  a  motor  is  utilized  by  a  de\*ice  to 
develop  movement.  Regarding  the  means  used  in  the  muscle  to 
transform  the  ori^nal  chemical  or  internal  energ>'  to  mechanical 
movement  we  have  no  or  ver>"  little  positive  knowledge.  Numer- 
ous theories  of  a  more  or  less  specuLitive  chararter  have  been  pro- 
poeed.  It  has  iteen  suggested  iWel^ert  that  the  muscular  force  is 
essentially  due  to  the  elasticity  of  the  muscle.  It  is  known  that  the 
elasticity  of  substances  may  change  with  conditions,  and  it 
•  Verworn,  "Archiv  f.  Physiologie,'*  1900,  suppl.  ^'olume,  p.  152, 
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:hal  after  tititnulation  the  physical  condition  of  the  muscle 
»  rhnu^ed  ami  that  Mie  iiuTejise^i  ehistic  attraction  between  the 
particlei»  give?i  il  the  form  of  the  contracted  mustle.  According 
toothers  (Fick',  the  mechanical  contnution  is  a  direct  result  of 
an  increaseti  clieniiral  affinity,  while  others  (Miillpri  find  an  ex- 
planation in  supjxjstHl  electrical  charges  upon  the  doubly  refnirtive 
panicles  of  the  muscle  in  conse<]uence  nf  which  there  lire  develojx'd 
clwtrical  attractionsi  and  repultsiont*  at  the  different  poles.  The 
moat  specific  and  contpt-eheTi^ible  hypothesis  advanced  is  that 
formulated  by  Enpelmann.*  This  author  has  shown  that  all  con- 
tnu'tile  tLssu«!54  contain  dotiltly 
rrifrnrtive  particles,  that  in  the 
atripetl  muscle  fiber  thi'M?  par- 
ticles are  arranged  in  discs. — 
dim  bandj*.— -with  the 
;ly  refract in^r  material  form- 
ing the  li/^jt  bands  on  either 
side.  During  contraction  it  has 
been  shown  that  the  material 

this  latter  structure  is  ab- 

rbed  i>y  the  tlovibly  refractive 
ice.  Knpelmann  has 
Miown,  moreover,  that  dead 
substances,  which  contain 
<loubIy  refnictive  particles, 
such  as  catgiil.  when  soaked 
with  water  will  shorten  ujHm 
beating  and  relax  again  upon 
cooling.  His  explatuUion  of 
the  mechanics  nf  contraction  \u 
brief  w  that  the  chemical 
change  V)rought  about  in  the 
muscle  lil»er»tes  heal .  and  that 
ihe  effect  of  thi.>^  heat  upon  the 
mljacent  doubly  refractive  par- 
ticks  is  to  make  them  itnbil»e 
the  surrounding  water.     If  we 

further  suppose  that  these  particles  in  the  resting  muscle  are  linear 
or  pristnaiic  in  shni>e.  tlien  u|K)n  imbibing  water  ihey  will  tend 
to  l^'ome  'Spherical,  cau^imr  thus  a  shortening  in  the  long  diameter 
and  an  increase  in  the  cross  dianieler.  The  mus<'le.  in  other  wordn. 
■  an  apparatus  comparable,  let  us  say.  to  a  gas  engine  :  each 
lulus.  like  a  spark,  causes  tlie  physiological  oxidation  of  a  portion 

•  Knip^liiirtnii.  "  1*cUt  ik-n  l>^i>rung  dvr  Moskclkruft."  l^ipzig.  1893;  see 

abo  *•  PflOg«r*«  Archiv,"  7,  155.  l«7:j. 


KiK.  za.^Fnsrlmann'B  Artificml  rotucta. 
The  artifiital  niu*cle  i»  npntmuttnl  by  the 
catcut  otridg,  wi.  'lUi-i  u  isurroun*l«i|  by  a 
coifof  |4»tinuiii  wire,  w,  through  wliich  on 
electrical  current  may  l>e  t*ni.  The  catgul 
U  attached  to  n  lover,  h,  wIh.^  rulrruui  i»  at 
c.  THw  ralKut  i*  kmmon«e«l  in  u  heaker  n( 
water  »t  M)"  to  .Sa"  C.  and  "  ctmiulawHl  '* 
by  the  hU'lticn  iricreaw  in  temperature  caused 
by  the  i«i.MJ*aKe  of  u  current  through  U»o  oou. 
—  (After  Knaetmtinn.) 
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of  the  usable  material  in  the  musrie.  and  the  heat  thus  produ('e<l 
acts  upon  the  doubly  refractive  material  a^  upon  a  piece  of  machin- 
ery and  causes  it  to  shorten  by  imbibition.  Contraction,  in  a  won], 
Is  a  phenomenon  of  thermic  imbibition.  Engelmann  has  pven  an 
appearance  of  verisimilitude  to  this  h)-pothesis  by  constructing 
an  artificial  mviscle  from  a  piece  of  \-ioHn  string.  The  apparatus 
used  is  illustrated  in  Fig.  26.  A  catgut  string  (in)  is  surrounded 
by  a  coil  of  platinum  wire  (irl  through  which  an  electrical  current 
may  be  sent.  The  objec^t  of  thU  arrangement  is  to  heat  the  catgxit 
suddenly.  The  platinum  coil  should  not  actually  touch  the  catgut. 
The  catgut  is  attached  to  a  lever,  as  sho^n  in  the  figure.    The 


Fig.  27- — Curve  r»f  idinple  ponirartion  nbtaiocd  front  aii  artificial  muscle.  Th«  dun' 
lion  of  the  t<timulUB  (healinic  effeci  cuiaecl  hy  ihe  currenl)  i»  vbown  by  the  break  In  th* 
line  facoeath  the  curve. 

catgut  is  thoroughly  soaked  by  immersing  it  in  a  beaker  of  water 
arul  the  temjx^ruture  is  then  raised  to  Mf  to  55*^  i\  If  then  a 
current  is  turne<l  into  the  coil  the  slight  but  somrwhat  rapid  heating 
of  the  catgut  will  cause  it  to  shorten,  owing  to  the  invbibition  nf 
more  water.  When  the  currenl  is  broken  the  catgut  cools  and 
relaxes  slowly.  Reconls  may  l^e  obtained  in  this  way  which  are 
altogether  similar  or  identical  with  those  given  by  a  strip  of  plain 
muscle  when  .stimulated  (see  Figs.  27  and  1?8).  The  model  may  i>e 
used  to  show  the  effect  of  temperature  upon  the  extent  an<i  dura- 
tion of  the  contractions,  the  effect   of  variations  in  strength  of 
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•timulus  as  expressed  in  the  amount  of  current  used>  the  summation 


^H  Fin.  28.  —Imitation  •>(  incomplete  t^uuiu^  by  the  anitiriAl  miL«cte.     The  time  and 

^H  4anttkio  of  the  mnnnnJin  heatinipi  ftr«  intJiciit«U  uy  the  bmik*  in  (lie  lower  line.  Eaoh 
^H  amh  ttMiins  cauaM  •  aepsrmte  coatrBction.  and  th«i«  otuitntcticmrt  arc  ^ummatAd  aa  in  the 
^^^iMAftic  eoBlfmciiao  of  muaolc. 

^^^W  Rurcessive  stimuli,  etx*.     Under  all  of  these  conditioas  it  imitates 
rl<»«ly  the  belmvii^r  of  plain  muscular  tissue. 


CH.VPTER  in. 


THE  PHENOMENON  OF  CONDUCTION— PROPERTIES 
OF  THE  NERVE  FIBER- 

Conduction. — When  living;  matter  is  excited  or  stimulated  in 

any  way  the  excitation  ia  not  localised  to  the  point  acted  upon, 
but  is  or  may  be  propagated  throu^out  its  substance.  This  prop- 
erty of  conducting  a  change  thst  has  been  initiated  by  a  stimulus 
applied  locally  is  a  general  property  oC  protoplasm,  and  is  exhib- 
ited in  a  striking  way  by  many  of  the  simplest  forms  of  life.  A 
light  touch,  for  instance,  applied  to  a  %x>rtic^la  will  cause  a  retrac- 
tion of  its  vibrating  cilia  and  a  shortening  of  its  stalk.  In  the  most 
specialized  animals,  such  as  the  mammalia,  this  property  of  con- 
duction finds  its  greatest  development  in  the  ner\ous  tissue,  and 
indeed,  especially  in  the  axis  cylinder  processes  of  the  ner\'e  cells, 
the  so-called  ner\'e  fibers.  But  the  property  is  exhitnted  also  to 
a  greater  or  less  extent  by  other  tissues.  \Mien  a  muscular  mass 
is  stimulated  at  one  point  the  excitation  set  up  may  be  propagated 
not  only  through  the  substance  of  the  cells  or  fibers  directly  affected, 
but  from  cell  to  cell  for  a  considerable  distance.  In  the  heart 
tissue  and  in  plain  muscle  it  has  been  shown  that  a  change  of 
this  sort  may  Ije  conducted  independently  of  the  phenomenon 
of  visible  contnwtion.  A  stimulus  applied  to  the  venou?  end 
of  a  frog's  heart,  for  instance,  may.  under  certain  conditions, 
be  conducted  through  the  auricular  tissue  without  causing  in  it  a 
visible  change,  and  >-et  arouse  a  contraction  in  the  ventricular 
muscle  (Engelmann).  The  change  thus  conducted  may  be  spoken 
of  as  a  musrle  impulse.  Umler  normal  conditions  a  muscle  fiber 
is  stimulated  through  its  motor  ner\'e  fiber  at  some  point  near  the 
middle  of  its  course,  but  the  stimulus  thus  applied  must  be  con- 
eei\'ed  as  arousing  a  muscle  impulse  that  traveb  over  the  length  of 
the  muscle  fiber  and  prece<les  the  change  of  contraction.  Similarly 
it  can  be  shown  that  ciliar>-  cells  can  convey  an  impulse  from  cell 
to  cell.  A  stimulus  applied  to  one  point  of  a  field  of  ciliary*  epi- 
thelium may  set  up  a  change  that  is  conveyed  as  a  ciliary-  impulse 
to  distant  cells.  The  universality  of  this  property  of  conduction 
in  the  simpler,  less  differentiatod  forms  of  life,  and  its  presence  in 
some  form  in  many  of  the  tissues  of  the  liigher  forms  would  justify 
the  assumption  that  the  underlying  change  is  essentially  the  same 
in  all  eases.     But  in  ner\'e  fibers  this  property  has  become  speoiaU 
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ized  to  the  highest  degree,  and  in  this  tissue  it  may  be  studied 
therefore  with  the  greatest  success  and  profit. 

Structure  of  the  Nerve  Fiber. — The  peripheral  nerve  fiber. 
as  we  find  it  in  the  ner\*e  tninks  and  nerve  plexuses  of  the  bo<Iy, 
may  be  either  medullated  or  non-medullated.  All  the  nerve  fibers 
that  arise  histologically  from  the  nerve  cells  of  the  ceairat  nerA'ous 
s>'stem  pmper — that  is,  the  brain  and  cord  and  the  outlying  sensory 
ganglia  of  the  cranial  nerves  and  the  posterior  spinal  roots — are 
medullateil.  Those  fillers  contain  a  central  core,  the  axis  cylinder. 
which  is  usually  regardwl  as  an  enormously  elongated  process  of 
the  nerve  cell  with  which  it  is  conne<'ted.  The  axis  cylinder  shows 
a  differentiation  into  fibrils  (neurofibrils)  and  interfibrillar  sub- 
slaiite  (neuropla.-sm).  All  of  our  evitient^  goes  to  show  that  the 
axis  rylinder  is  the  essential  part  of  the  nerve  fiber  so  far  as  its 
property  of  conduction  is  concerned.  It  is  further  assumed  that 
the  neurofibrils  in  the  axis  cylinder  form  the  conducting  mech- 

m  rather  than  the  interfibrillar  substance.  Surrounding  the 
cylinder  we  have  the  medullary  or  myelin  .sheath,  varying 
tnueh  in  ihickncHs  in  different  filx'rs.  This  sheath  is  composed  of 
peculiar  material  and  is  intemipted  or  divided  into  segments  at  cer- 
tain intervals,  the  so-called  nodes  of  Itan\'ier.  Outside  the  myelin 
there  is  a  delicate  elastic  sheath  comparable  to  (he  sarcolemma  of 
the  muscle  fih»er  and  designated  as  the  neurilemma.  Lying  under 
the  neurilemma  are  found  nuclei,  one  for  each  intemodal  segment 
of  the  myelin,  surroundeil  by  a  small  amount  of  granular  proto- 
plasm. The  non-medullated  fillers  have  no  myelin  sheath.  They 
lue  to  be  considered  as  an  axis  rylinder  process  from  a  nerve  cell, 
loirrounded  by  or  inclosed  in  a  neurilemma!  sheath.  These  fibers 
arise  histologically  from  the  nerve  cells  found  in  the  outlying 
ganglia  of  the  body,  the  ganglia  of  the  sympathetic  system  and 
its  appendages. 

The  Function  of  the  Myelin  Sheath.— The  myelin  sheath  of 
the  (•efL'bm.spinal  nerve  fibers  is  a  fitructure  that  is  interesting  and 
poculiar,  both  as  regards  its  origin  and  its  comiwsition.  Much 
speculation  has  been  indulgefl  in  with  regarrl  to  its  function,  but 
ically  nothing  that  is  certain  can  be  said  ufwn  this  point.     It 

l>een  supposed  by  some  to  act  as  a  sort  of  insulator,  preventing 
eootact  betw<»en  neighlxiring  axis  cylinders  and  thus  insuring 
bett'Cr  conduction.  But  against  this  view  it  may  be  urged  that 
we  have  no  proof  that  the  non-medullated  fibers  do  not  conduct 
equally  as  well.  The  \-iew  has  some  probability  to  it,  however. 
for  we  must  rememlx^r  that  the  non-me<lullated  fil)ers  <lo  not  nm 
in  large  nerve  trunks  that  supply  a  number  of  different  organs, 
therefore  in  them  a  pro\*i.sion  for  isolated  conduction  is  not  so 
Moreover,  in  the  medullate<i  fibers  the  mvelin  aheath 
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3>  >jb:  ■wrain  x*  yrTjhprtL  -sur.  iris'  -ae  mt^  iw  ^scezvd  die 

*ua0ie  v<  v!iiiTa.  x  j»  «!  *:«  dficrsma*?!.  TTiffi-iamr  '3itc  x»  rmrtinti 
f»  'aigsL  iR  jineer  acrnaaarT-.  Jirrmniiie  ai  "lae  imos*  •nsneepcians 
or  "iuir  ^rr/Tf!^  :f  ffimaxifrnia  jl  le-r^  ih«3t  ace  airr  aoACt^csacal 
hnn  liar.  ^aT^Hi'.uzci'a^   T.nmmiir^  ^   aef^-aBwrr.     Ma*  «n£aet  of 

3i9ir"A  ^iiw.r;'.  lasmnit  •^**"  jie^  rtinxuir^  if  irnnc  srcice^  motiml 
a*T-r»  «ih«T.-iajft  ti:#»s  ^<2mrc  in.  -^siniusiirj  "nitng*^  iJ  paae  frrxn  one 

aaa*  -TT'ixuiK?*  izr  x  ajern*.  Trink.  fltaes  aik-r»  iuijcwjiwti  dttX  the 
2i7»iiiL  saetra.  ss-t'-s  **  *  ^ciarrc-  -if  uiErianL  v  ct*  sneterd  axis 
^xcj\fifr.  ''X  It*  x  r-x-iIa-i-Tr  is:  iirnie  "v^t"  :f  3i*  aasa^^iMH-  Xo  fart 
21  r»v.rvrt  "^ut::  "vriiji  -"tt^j-^  "siis  <tnp?5*ca:n.  ieesi  probabte.  In 
2P5u»TaL  h  ii»  ::i::=ii  lint;;  in*?  ^rr^iia  sifti."a-  5*  Jsicth"  ax  rfacer  Sxfs 
^aia::  ia-*  "iii*  j:iia??«c  vjrzrstz  ib*  aae  rt  i^e  ^m^arh  s  cart,  in- 
^r^attW!  -virh  ihiu:  :c  *xhi?  ^-rS*  .rj'Iaii'r.     I"  is  caj'ra  a^  that  the 

tfear.  Vj^  zi:c.-=«!tfill;t.-*i  :cje«.  i::i£  This  tmi  "irarODtt  shoris 
ar*  *rriii'.7rfi  "ii*  "'-r-j— ta«-'-~:t-^*  ztm^t^  j:»»  Tietr  zrrsawEtr  more 
racuily  in  tl-j?  crcr."  ^rf — :'a.::^'  N.ce  re  ibss?  rfcrs  are  siScient. 
hrnr-^AT.  •,■:  '.z^'2^*'x'f:  '^  rr:cttbfle  rrrT'n^rc.  rt  "ie  arrefia-  The 
fKxr7'.:ti:cii*aI  :»T"'Ty:cc:irc:*  ic  '^  ^ett."h  iii3^  fi^  :o  uferov  fiphi  on 
X?*  yc.'T^'AirjsprsL  fi&ii»*ar!n5^.  For.  •wrij?  h  2=  :2?2il!y  £cpci]««d  that 
•b^  axis  -rrlfriS^  h-^elf  is  ifmrty  ar.  cmiro-K^  frcd  the  nenne  ceffl. 
arji  "rj*:  nr.^-nlr.  *rj;^:L  irise?  rrrc:  f»?cttme  r:K^:ct*sti<-  eefis  vhkh 
•i:rr^>:rji  :rjr  i-ci*  ■7-lzi.f'rr.  ^his  -nfz^.  fi:-  fir  is  *JX  cayefin  is  con- 
**i*rrj^.  Lr  r*-.*:  '•rv-.c-i  .irstijc.  iri'i  t^  5r;dy  .?c  the  proeesB  of 
r»3!r=T.t=^ri*>,r.  .:*  r.-^:^  -  r.'.^^r^  ir-ii-itrt?  :r:i:  :^  itrttal  prcdiKiioo 
^.r  rr,7**Ir.  1-  'nr-'r:!!.^!  :-  firue-  ~iv  bv  tr>r  :'-i::tiocaI  a3d5  cyhzicler. 
Trjp-  ixl-a  ^7^:-i-^r  -f:Tr:-^h5  :>:=:  :he  ^TmratJijeo?  nerve  cells 
rV/.r.!-:  :*  •?>?  rir^ili  r'  •."-•r  s-T:::ra:br'::'  .'hiir.  :in»i  in  :cie  per^^heral 
a»r.r;.i.  j-^^rri!]-/  :'  'r.w^  -.tiv  ir^  i^r^illy  r.-TC-nieduIbted.  ahhougfa 
*prAf»:r.-]r  j;?.!*  L-  n.-:  iz  invariiVI-r  r:>.  In  che  birds  aB  sucfa 
5-'>t^  '.r.  'r.(^  '''.r.'ri^/.  ir^  n>>v:'l:iTei.  ^A-vr-Vv  ♦*  Xothinir  is 
jcry,  vr.   t*  -r,  •-.^    <  r.i:';-r_s  :'r.i:  ^.-r:*rrTri-«?  wh-?:b?r  a  nerre  fibw 

Uni'vr  of  Xervc  Fibers  into  5crTes  or  Kerre  Trunks. — The 

4."^-.'.- ..' r    :'  :.~r'-  f.'x-r-  ;r."o  Lirr^r  >r  >rr-ill--r  nen*e  trunk?  reseni- 


-^  r-^'TT-'  ir^ti'^r.  ■::  muse.' 


•ep?  to  fonn  a  muscle. 

Kr. .  - '..vr'-i;>/.  h.-X'V-r.  •her^  L-  no  >:r--.i!irlty.  The  various 
'.•2*-'h--r  :r.  a  C'-«^ri:r.i:o'i  way  as  a  physio- 
;*r.-r  r^r.i.  :h*?  .h:r-ir^i>  or  thousands  <rf 
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nen'e  fillers  found  in  a  nerve  may  fomi  proups  which  are  entirely 
intiependent  in  their  phyaiolondcal  activity.  In  the  vagus  nerve, 
for  instance,  we  have  nerve  fil)ers  running  side  by  side,  some  of 
which  supply  the  heart,  some  the  muscles  of  tiie  larynx,  some  the 
niusclet*  of  the  stomach  or  intestines,  some  the  glands  of  the  stom- 
ach or  pancreas,  and  so  on.  Nerves  are,  therefore,  anatomical 
units  simply,  containing  groups  of  fibers  which  have  ver>'  different 
activities  and  which  may  function  entirely  independently  of  one 
another. 

Afferent  and  Efferent  Nerve  Fibers, — The  older  physiologists 
believed  t  hat  one  and  the  same  nerve  or  nerve  fiber  might  conduct 
9en:9or>'  impulses  toward  the  central  ner\'ous  system  or  motor  im- 
pubie«  from  the  central  nen'ous  system  to  the  periphery'.  Beli  and 
Magendie  succeeded  in  establishing  the  great  truth  that  a  nerve 
fiber  cannot  be  both  motor  and  sensorj*.  Since  their  time  it  has 
lieen  recognijted  that  we  must  divide  the  nerve  fibers  connected 
with  the  central  nervoas  system  into  two  great  groups:  the  efferent 
fil)ers.  which  carry  impulses  outwardly  from  the  nervous  system 
to  the  peripheral  tissues,  and  the  afferent  fibers,  which  carr>'  their 
impuls<^  inwardly, — that  Is,  from  the  peripheral  tissues  to  the 
nerve  centers.  Under  normal  conditions  the  afferent  fillers  are 
fllimulated  only  at  their  endings  in  the  peripheral  tissuefi,  in  the 
skin,  the  mucous  membranes,  the  sense  organs,  etc.,  while  the 
efferent  fibers  are  stimulated  only  at  their  central  origin, — that 
18,  through  the  nerve  cells  from  which  they  spring.  The  ilifference 
in  the  direction  of  conduction  depemls,  therefore,  on  the  anatomical 
fact  that  the  efferent  fibers  have  a  stimulating  mechanism  at  their 
central  ends  only,  while  the  afferent  fibers  are  adapted  only  for 
stimulation  at  their  peripheral  ends. 

Classification  of  Nerve  Fibers.— In  addition  to  this  funda- 
mental separation  we  may  subdivide  peripheral  nerve  filx^rs  into 
smaller  groups,  makini;  use  of  either  anatomical  or  physiological 
differences  upon  which  to  base  a  classification.  For  the  purpose 
here  in  view  a  classification  that  is  physiological  as  far  as  passible 
prefemble.  In  the  first  place,  experimental  physiology  has 
tliat  the  effect  of  the  impulse  conveyed  by  nerve  fil)erK  may 
be  either  exciting  or  inlubiting.  That  Ls,  the  tissue  or  the  cell 
to  which  the  impulse  Is  carrictl  may  be  thereby  stinmlateil  io  ac- 
tivity, in  which  case  the  effect  is  excitjitons  or,  on  the  contrary, 
it  may,  if  already  in  activity,  be  reduced  to  a  condition  of  rest  or 
lessened  activity;  the  effect  in  this  ca.se  is  inhibilon\  Many 
phvEiologlsts  believe  that  one  and  the  same  nerve  filler  may  carry 
excitatory  or  inhibitor^'  impuls(\s,  but  in  some  cases  at  least  we 
have  positive  proof  that  these  functioas  are  discharged  by  separate 
fibeiH.  We  may  subdivide  both  the  afferent  and  the  efferent  sys- 
toms  into  exeit-ator\'  ami  inhibitorv  tiliers.     1-^ch  of  these  sub- 
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grcv^ps  *g*ni  f&Q^  iiiio  siAljer  -irri^oQ^  acecmiing  to  the  kind  of 
M^ivcy  h  ea:«te?  or  '.n'*-  Tuh^.  In  tie  ^ficscaix  fvstem.  for  instance, 
the  eifrtl^oTy  £ber^  ilaj  e&^iize  «c«TTaMCtio&  or  motioii  if  they  ter- 
mm^ktf:  in  si-^*ir.il&r  tisiFrje,  or  scitreoon  if  ihev  tenninate  in  ^andu- 
lar  tteft?^.  For  eonveaienw'  ot  •ientripiioa  each  of  the  groups  in 
t-jm  may  be  f'-inber  ciaLssiie-i  ACfOTOkiz  tO  the  kind  of  musde  in 
viufCrh  rt  ea-is  or  the  kiai  of  giaa-i-:lar  tkgue.  In  the  motor  group 
we  si«^  of  Yisomotor  sber^  is  rKereoce  to  those  that  end  in  the 
piain  Ei-XH^k-  of  The  "sraJt  of  :be  biooi-veaEefc:  visceromotor  fibers, 
those  efviing  in  :be  muscular  tissue  of  the  abdominal  and  thoracic 
^i^cera:  pilomotor  5bers,  tho^  endinz  in  the  muscles  attached  to 
the  hair  foUioles.  The  clas^i£ca:)on  that  is  suggested  in  tabular 
form  below  depend^,  tiierefore.  on  three  principles^:  first,  the  direc- 
tion in  which  the  impulse  travels  normaUy:  second,  whether  this 
im(/ite  excites  or  inhibit?;  thir-i.  the  kind  of  action  excited  or 
inhibited,  which  in  turn  depends  upon  the  kiiHi  of  tissue  in  which 
the  fib&rs  end. 
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That  the  final  action  of  a  peripheral  nen*e  fiber  is  determined 
by  the  tksiie  in  which  it  ends  rather  than  by  the  nature  of  the 
tit-r.f  fifx.-r  it.-^-h'  or  the  nature  of  the  impuL*  that  it  carries  is  indi- 
cate-'! -Ton^rly  by  the  rr*generation  experiments  made  by  Langley.* 
lor  in-tanoe,  the  r-honia  tympani  ner\-e  contains  fibers  which  cause 
a  'iiI;i*a'ion  In  thf^-  l>lfKKl-ve<sels  of  the  submaxillar)"  gland,  while 
»h'-  c'-rvical  syrnpathftic  contains  filters  which  cause  a  constriction 
of  the  vf-.-i^-l-  in  the  same  gland.  If  the  lingual  ner\-e  (containing 
ih*:  'hor'ia  tympani  filters)  is  divided  and  the  central  end  sutured 

*  l,.-in-l.-.',  "Joumul  of  Ph\>ioloffv/'  Z\,  240,  1S9S;  ibid.,  30,  439,  1904; 
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to  the  peripheral  end  of  the  severed  cervical  syrrijjathptk'.  the 
chorda  fibers  will  grow  along  the  paths  of  the  old  fonstrictx>r  fibers 
<if  the  sjTupathetic.  If  tiaie  is  given  for  regenemtiofi  tf»  take  place, 
etiniulation  of  the  chorda  now  causes  a  coastriction  in  the  vessels. 
The  exjM'riment  can  alsr)  im  reversed,  'i'hat  Is,  by  suturing 
the  central  end  of  the  (^enical  KvmjMithetir  to  the  peripheral  end 
of  the  divided  lingual  the  fillers  of  the  fonner  grow  along  the  paths 
of  the  old  dilator  filx^rs,  and  after  regeneration  has  taken  place 
simulation  of  the  syinrMitlw/tic  causes  dilatation  of  the  hlofui- 
vesseLs  in  the  gland.  These  results  are  particularly  instnictive,  as 
vasoconstriction  is  an  example  of  the  excitatory  effect  of  the  ner%'e 
impulse,  being  the  result  of  a  contraction  of  the  circular  muscles 
in  the  vessels,  -while  vasodilatation  is  an  example  of  inliibitor>' 
action,  being  due  to  an  inhibition  of  the  contraction  of  the  same 
muscles.  Yet  obviously  these  two  opposite  effects  are  determined 
not  by  the  nature  of  the  nerve  fibers,  but  by  their  place  or  mode 
of  ending  in  the  gland. 

Separation  of  the  Afferent  and  Efferent  Fibers  in  the  Roots 
of  the  Spinal  Nerves, — According  to  the  lieil-Magendie  discover>% 
the  motor  fibers  to  the  voluntary  muscles  emerge  from  the  spinal 
cord  in  the  anterior  roots,  while  the  fibers  that  give  rise  to  sensa- 
tions enter  the  cord  through  the  jKJst^rior  roots.  These  facts  have 
been  demonstrate*!  beyond  all  doubt.  Magendie  discovered  an 
apparent  exception  in  the  phetionu-non  of  recurrent  sensibility. 
When  the  anterior  root  is  severe*!  and  its  peripheral  end  is  stimu- 
late<l  only  motor  effects  should  l>e  obtained.  Magendie  observed, 
however,  uixm  dogs  that  in  certain  cases  the  animals  showed  signs 
of  pain.  This  apjjarent  exception  to  the  general  rule  was  after- 
ward explained  satisfactorily.  It  was  shown  that  the  fibers  in 
question  do  not  really  Ijclong  to  the  anterior  root, — that  is,  they  do 
not  emerge  from  the  cord  with  the  root  fibers;  they  are,  in  fart, 
aensory  filx*rs  for  the  meningeal  membranes  of  the  cord  which 
Are  on  their  way  to  the  posterior  roots  and  which  enter  the  cord 
with  the  fibers  of  the  latter.  Since  the  work  of  Bell  and  Magendie 
it  has  been  a  question  whether  their  law  applies  to  all  afferent  and 
efferent  fillers  and  not  simply  to  the  motor  and  spn.sor\'  fibers  proper. 
The  experimental  exidence  upon  this  point,  as  far  as  the  mammals 
are  conceme<i,  lias  accumidatetl  slowly.  Various  authors  have  shown 
that  stimidation  of  the  anterior  roots  of  certain  spinal  ner\'es  may 
^Mse  a  constriction  of  the  blood-vessels,  an  erectiori  of  the  hairs 
'(stimulation  of  the  pilomotor  filx?rs),  a  secretion  of  sweat,  and  so 
on,  while  stimulation  of  the  posterior  roots  in  the  same  regions  is 
without  effect  upon  these  peripheral  tissues.  One  apparent  excep- 
tion, however,  has  l)een  noted.  A  number  of  observers  have  found 
that  stimulation  of  the  peripheral  end  of  the  diviiled  posterior 
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CcOa  M  Odgiii  of  the  Aaterior  aai  Foatrrior  Root  Fibers. — 
fSbea  *d  the  antenor  root  aziae  as  asDooa  or  axis  r>  Under 
from  nerve  cells  in  the  graj  matter  of  the  cor!  at  or  near 
the  exit  of  the  root.  The  motor  fiboa  to  the  TohmtazT  nuistlea 
ariee  from  the  lar^e  'vAs  of  the  anterior  faon  of  giay  matter;  the 
fibcfs  to  the  pbitt  mnaele  and  glands,  avtoaooue  fibets  accotxling 
to  Langfejns  iwwwfflatnTr,  take  their  ongin  from  spindle^ahaped 
nerve  retts  lying  in  the  ao-«aBed  latctal  horn  of  the  gray  matter.f 
Aeeoft&Qg  to  the  aeeepted  befief  regarding  the  notrition  of  Der\*e 
fiMfa.  any  acctioo  or  lesion  involving  these  portions  of  the  gray  niat- 
ter  or  the  anterior  root  win  be  foQonvd  by  a  ron^iiete  degeoeratioo 
of  die  cAesent  fibers.  In  the  case  of  the  fibets  to  the  voluntarv' 
Wf  IfB  this  dcgcneratioo  will  extend  to  the  musrh^  and  indnde 
the  end-piaiea.  In  the  case  of  the  autonomic  fiiers  the  d< 
lion  win  extend  to  the  peripheral  ganglia  in  which  they 
involving,  therefore,  the  whole  extent  of  what  is  failed  the  pi 
0nigHooic  fiber  (see  the  rhapter  on  the  autonomic  nerves  and  the 
ympathetie  system).  The  posterior  root  fibers  ha^v  their  origin 
in  the  nerve  oeAs  ronULined  in  the  poetericv  root  gan^ia.  These 
cells  arc  unipolar,  the  sing^  process  gi^*en  off  being  an  axis  cylinder 
pfooess  or  axon.  It  dj\ides  into  two  branches,  one  passins  into 
the  eofd  by  way  of  the  po^erior  root,  the  other  towanl  the  periph- 

•  Bafb.  "Joanuil  of  Phrswlogy.**  26,  173.  1901.  and  2S.  276»  XVXL 
t  fl#rnfife,  "Journal  of  P^ytnolncEy/'  29,  2k2.  1903. 
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^nd  tissues  in  the  corregjKJiuling  spinal  iier\'(»  in  which  they  form  the 
peripheral  sensory  nerve  fibfrs.  It  follows  tliat  a  section  or  lesion 
of  the  posterior  ro<»t  will  result  in  a  ilegt^ncration  of  the  branch 
enl^'ring  the  cord,  this  branch  ha\ing  been  cut  off  fn^ni  its  nutri- 
tive relationship  with  it-fi  cells  of  origin.  The  degeneration  will  in- 
volve the  entire  length  of  the  branch  and  its  collaterals  to  their 
t4?rnunations  amoikg  the  dendrites  of  other  Fpina)  or  bulbar  neurons 
(see  the  chapter  on  the  spinal  cord).  After  a  lesion  of  this  sort 
the  Htump  of  the  iH)steri<)r  nH»t  that  remains  in  connection  with 
tlie  posterior  root  ganglion  luaintuiiis  its  normal  structure.  On  the 
Otlier  hajid,  a  section  or  lesion  involving  the  spinal  nerve  will  be 
followed  by  a  degeneration  of  all  the  fibers,  efferent  and  afferent, 
lyiuf^  to  the  periphend  side  of  the  lesion,  since  these  fibers  are  cut 
off"  from  connection  with  their  cells  of  origin,  while  the  fibers  in  the 
central  stump  of  the  divided  ner\e  will  retjun  their  normal  structure. 

Afferent  and  Efferent  Fibers  in  the  Cranial  Nerves. — The 
first,  nnii  second  cranial  nerves,  the  olfactor>-  and  the  optic,  contain 
only  afferent  fibers,  wJiich  arise  in  the  former  ner\'e  from  the  olfae- 
topL*  epithelium  in  the  nasal  cavity,  in  the  latter  from  the  nerve 
cells  in  the  retina.  The  third,  fourth,  and  sixth  nen'es  contain 
only  efferent  fibers  which  arise  from  the  ner\'e  cells  constituting 
their  nuclei  of  origin  in  the  iixidbrain  and  pons.  The  fifth  nerve 
resi'tnbles  the  spinal  nerves  in  that  it  has  two  r(X)ts,  one  containing 
afferent  anil  the  other  efferent  fil>ers.  The  efferent  fibers,  consti- 
tuting the  small  root,  arise  from  nerve  cells  in  the  pons  and  mid" 
brain,  tlie  afferent  fibers  arise  from  the  nen'e  cells  in  the  Classerian 
ganglion.  This  ganglion,  beuig  a  sensor>'  ganglion,  is  constituted 
like  the  posterior  root  ganglia.  Its  nerve  cells  give  off  a  single 
proce*»  which  divides  in  T,  one  branch  passing  into  the  brain  by  way 
id  the  large  root,  while  the  other  passes  to  the  peripheral  tissues  as  a 
r>'  filxT  of  the  fifth  ner\'e.  The  seventh  nen-e  may  also  be 
liomologized  with  a  spinal  ner\'e.  The  facial  ner\e  proper  consists 
of  only  efferent  fibers,  wluch  arivse  from  ner\'e  cells  constituting 
Its  nucleus  of  origin  in  the  pons.    The  geniculate  ganglion,  attached 

this  nene  shortly  after  its  emergence,  is  similar  in  structure  to 
4k  Ottsserian  or  a  posterior  root  ganglion.  Its  ner\*e  cells  send  off 
procefises  which  divide  in  T  and  constitute  afferent  fibers  in  the 
so-called  ner\'us  intermedins  or  nerve  of  Wrislx'rg.  The  eighth 
nerve  consists  only  of  afferent  fibers  which  arise  from  the  nerve 
pells  in  the  spinal  ganglion  of  the  cochlea,  cochlear  branch,  and  from 
there  constitutint  the  vestibular  or  Scarpa's  ganelion.  the  vestibu- 
lar branch.  ik>th  of  these  ganglia  are  s<Misory,  resembling  the 
posterior  ro*>t  ganglia  in  structure.  The  ninth  nene  ia  also  mixed, 
the  efferent  fibers  arising  from  the  motor  nucletis  in  the  medulla, 
jrlkile  the  sens<jr>-  fibers  arise  in  the  superior  and  petrosal  ganglia 
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fniiml  on  thenen'p  at  its  ernergencp  fnini  the  skull.  Thi?  tonth  is  a 
mixed  ntme,  its  efferent  fibers  arising  in  motor  nuclei  in  the  mo- 
dullft»  the  afferent  fibers  in  the  ner\'e  eells  of  the  ganglia  lying  upon 
the  trunk  of  the  nerve  at  its  exit  from  the  Hkull  (^an^Iion  jugulare 
and  noilosum).  The  eleventh  and  twelfth  crunial  nerves  contain 
only  efferent  fibers  that  arise  from  motor  nuclei  in  the  medulla. 

It  will  be  seen  fnim  these  brief  statements  that  in  all  the  ner\'e 
tnmks  of  the  central  nervous  system — that  is,  the  spinal  and  the 
cranial  nerves — the  cells  of  origin  of  the  efferent  fibers  lie  within 
the  gray  matter  of  the  brain  or  cord,  while  the  cells  of  origin  of  the 
afferent  fibers  He  in  sensory  gangUa  outride  the  central  nervoua 
aystem, — namely,  in  the  posterior  root  ganglia  for  the  spinai 
nerves,  in  the  ganglion  st^miluaare  (Oass(»ri),  the  g.  genieuli,  tha 
g.  spirale,  the  g.  vestibulare,  the  g.  superius,  and  g.  petrosum  of  the 
glossopharyngeal,  and  the  g.  jugulare  and  g.  nodosum  *)f  the  vagus. 
These  various  sensory  ganglia  attachcil  to  the  cranial  nerv'es  corre- 
epond  essentially  in  their  structure  and  jjhysiology  with  the  posterior 
root  ganglia  of  the  spinal  ner\'es. 

Independent  Irritability  of  Nerve  Fibers. ^Although  the 
nerve  libera  under  normal  conditions  are  stunulated  only  at  their 
ends,  the  efferent  fibers  at  the  central  end,  the  afferent  at  the 
periplieral  end,  yet  any  nerve  fiber  may  be  stimulated  by  artificial 
meauH  at  any  point  in  its  course.  Artificial  stimuli  capable  of 
affecting  the  nerve  fiber — that  is,  capable  of  generating  in  it  a  nerve 
impulse  which  then  j>ropagates  itself  along  the  fiber — may  be  divided 
into  the  following  groups; 

1.  Chemical  stimuli.  Various  chenucnl  n^agents,  when  ai)plied 
directly  to  a  nen^e  tmnk,  excite  the  nerve  fibers.  Such  reagents 
are  concentrated  solutions  of  the  neutral  salts  of  the  alkalies,  acids, 
alkalies,  glycerin,  etc.  This  method  of  stimulation  is  not,  however, 
of  mucii  pmctical  value  in  experimental  work,  since  it  Ls  lUiTicult  or 
impossible  to  control  the  reaction. 

2.  .Afecfuiriiail  stimuli.  A  blow  or  preasure  or  a  mechanical  in- 
jur>'  of  any  kind  applied  to  a  nerve  trunk  also  excites  the  fibers. 
This  method  of  stiumkting  the  filx'rs  is  also  difficult  to  control 
anil  has  had.  therefore,  a  limited  application  in  experimental  work. 
The  mechanical  stimulus  Ls  essenHally  a  pressure  stimulus,  and  the 
difficulty  lies  in  controlling  this  pressure  so  that  it  sliall  not  actually 
destroy  the  ner^^e  fiber  by  ru[)turing  the  delicate  axis  cylinder. 
Various  instnmients  have  been  devised  by  means  of  which  light 
blows  may  be  given  to  the  ner>^e,  sufficient  to  arouse  an  imjiuh^, 
but  insuffieient  to  jx^rmanently  injure  the  filjei-s.  The  results  ob- 
tained by  this  method  have  been  ver,*  valuable  in  physiology  as  con- 
trols for  the  experiments  made  by  the  usual  method  of  electrical 
stimulation.     It  may  l>e  mentioned  also  thjit  under  certain  condi- 
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tioHH — for  iiistant'e,  nt  one  stage  in  the  regeiipmtion  of  nerve  libera 
niet^'haaicuL  stimuli  may  Ijc  nutrc  efTei*tivc  than  electrical,  that  is, 
may  stimulate  the  ner\-e  fiber  when  electrical  stimuli  totally  fail 
to  do  so. 

3.  Thermal  stimidu  A  sudden  change  in  temperature  may 
stimulate  the  nen'e  fibers.  This  method  of  stimulation  is  very 
ineffective  for  motor  fil>ers,  only  very  extreme  and  sudden  changes, 
such  as  may  be  obtained  by  applying  a  heated  wire  directly  to 
the  nerve  trunk,  are  capable  of  so  stinmlating  them  as  to  produce 
a  mubcular  contraction.  On  the  other  bund,  the  sensoiy  ner\'e 
libers  are  quite  seiwitive  to  changes  of  teniix^rature.  If  a  nerve 
trunk  in  a  man  or  animal  is  suddenly  eooleil^  or  especially  if  it  Ls 
cuddeiily  heated  to  0()°  to  70**  C,  violent  jiain  result>s  from  the 
stimulation  of  the  sensory  fibers  in  the  trunk,  while  the  motor 

f  fibers  are  api>arently  not  acted  ujion.  We  have  in  this  fact  one 
of  several  differences  in  reaction  between  motor  and  sensory  fibers 
which  have  been  noted  from  time  to  time,  and  which  seem  to 
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indicate  that  there  is  some  important  difference   in   structure   or 
compoeition  between  them. 

4.  Eledrical  stimuli.  Some  form  of  the  electrical  current  la  be- 
yond question  the  most  effective  and  convenient  means  of  stimulat- 
ing ner\'e  fdjers.  We  may  emjiloy  either  the  gah*anic  current — that 
1%  the  current  taken  directly  from  a  battery — or  the  induced  current 
from  the  seccmdarj'  coil  of  an  induction  ap]5aratu8  or  the  so-called 
static  electricity  from  a  Ix;yden  jar  or  other  source.  In  most  exjjeri- 
mental  work  the  induced  current  Ls  used.  The  terminal  wires  from 
the  secondarj'  coil  are  connected  usually  with  platinum  wires  im- 
bedded in  hard  rubber,  forming  what  is  known  as  a  stimulating  elee- 
trotle.  (See  Fi^.  29).  By  this  means  the  platinum  ends  which  now 
form  the  electrodes,  anode  and  cathode,  can  be  placed  close  together 
upon  the  ner\'c  tnmk,  and  the  induced  current  jmssing  from  one  to 
the  other  through  a  short  stretch  of  the  ner^'e  sets  up  at  that  point 
ner\*c  impuLsi's  which  then  propagate  themselves  along  the  ner\e 
fibers.  The  induction  current  is  convenient  l>ecause  of  its  intensity, 
which  overcomes  the  great  resistance  offered  by  the  moist  tissue;  be- 
cause of  its  very  brief  duration,  in  conjsequence  of  which  it  acts  as  a 
sharp,  quick,  single  stimulus  or  shock,  and  because  of  the  great  ease 
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with  which  it  may  be  varied  as  to  rate  and  as  to  intensity.  Each 
time  that  the  batten'  current  in  the  priman'  coil  is  made  or  broken 
there  is  an  induction  current  established  in  the  secondary  coil, 
and  if  the  ner\'e  is  on  the  electrode  the  current  passes  through  it 
and  stimulates  it.  This  in<iuced  current  is,  howe\'er,  extremely 
short,  and  altomateii  in  direction,  passing  in  one  direction  when  the 
primary  current  is  made  and  in  the  opposite  direction  when  it  is 
broken.  The  induced  current  set  up  by  the  making  of  the  battery 
current  in  the  primary  coil  we  designate  as  the  making  shock,  that 
set  up  by  the  breaking  of  the  current  in  the  primar\'  as  the  brewing 
shock.  On  account  of  the  ver\-  brief  tlumtion  of  the  induced  cur- 
rent it  is  difficult  to  distinguish  between  the  effects  of  its  ojjcning 
and  closing. 

The  Stimolation  of  the  Nerve  by  the  Galvanic  Current. — When 

however,  we  employ  the  galvanic 
current,  taken  directly  from  a  bat- 
tery, as  a  stimulus,  we  can,  of 
course,  allow  the  current  to  pass 
through  the  ncr\*c  as  long  as  we 
please  and  can  thus  study  the  effect 
of  the  closing  of  the  current  as 
dbtinguished  from  that  of  the  open- 
ing, or  the  effect  of  duration  or 
direction  of  the  current,  etc. 

Du  Boi's-RnfmoruTs  Law  of  Slim' 
vlat ion. ^W'hon  a  galvanic  current 
is  led  into  a  motor  ner\'e  it  is 
found,  as  a  rule,  that  \vith  all 
moderate  strengths  of  currents  there 
is  a  stimulus  to  the  ner\'e  at  the 
moment  it  is  closed,  the  making  or 
closing  stimulus,  and  another  when 
the  current  is  broken,  the  breaking 
or  opening  stimulus,  while  during 
the  passage  of  the  current  through  the  nene  no  stimulation  takes 
place:  the  muscle  remains  relaxed.  We  may  express  this  fact 
hfy  ea^^ing  that  the  motor  ner\'e  fibers  are  stimulateil  by  the  mak- 
ing and  the  breaking  of  the  current  or  by  any  sudden  change 
in  its  intensity,  but  remain  uastimulated  during  the  passage  of  cur- 
rents whose  intensity  does  not  vary. 

The  Anodal  and  Cathodal  Siimidi. — It  has  been  shown  quite  con- 
clusively that  the  nen'e  impulse  started  by  the  making  of  the  current 
arises  at  the  cathode,  while  that  at  the  breaking  of  the  current 
begins  at  the  anwle,  or,  in  other  words,  the  making  shock  or 
Btimidus  is  cathodal,  while  the  breaking  stimulus  is  anodaL    This 


Tii.  30.— Sehama  of  the  amnK- 
nMnt  of  spparvtus  for  itimuliitinc  toe 
Derv«  by  *  gaJranic  current:  b,  Tb* 
bftttery:  k^  the  key  for  opeainc  uul 
doemc  the  dmiit ;  e,  tbe  oominoutor 
for  raveniuic  the  dinvtion  of  tbe  cur- 
rent; 4-  the  anode  or  pfwtive  pole; 
-—  Ihe  cathode  or  DesBti\*e  pole. 
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fact  is  true  for  muscle  as  well  as  ncn-'c,  and  posfiljly  for  all  irritable 
tissues  capable  of  stimulatiou  by  the  galvanic  current.  This 
iniportaut  goncr:ili/.ation  may  \iQ  demonstrated  for  motor  nerves 
by  separating  the  unotle  and  cathocJe  as  far  as  possibk'  and  re- 
cording the  latent  period  for  the  contractions  caused  respect- 
ively by  the  making  and  the  breaking  of  the  current  in  the  ner\'e. 
If  the  cathotle  is  nearer  to  the  muscle  the  latent  pt-riud  of  the  mak- 
ing contraction  of  the  musclo  will  l>o  shorter  than  tliiit  of  the  break- 
ing contraction  by  a  time  equal  to  thut  necessary  for  a  nerve  impulse 
to  travel  the  distance  between  anode  and  cathoile.  If  the  position 
of  the  electrodes  is  reversetl  the  latent  period  of  the  making  con- 
traction will  be  rorre8ix)ndinKly  longer  than  thut  of  the  bn?aking 
contraction.  It  is  very  evident  from  lhe.se  facts  that  wlien  a 
current  is  passed  into  a  ner\e  or  muscle  the  changes  at  the  two 
poU«  are  different,  as  shown  by  the  iliiTerc'nces  in  reactions  and 
properties  of  the  ncr\'e  at  these  points.  Hethe  has  shown  that  a 
difference  may  lie  demonstrated  even  by  hi.stolojrical  means.  After 
the  passage  of  a  current  thnnigli  a  nerve  ft)r  some  time  the  axis 
cylinders  stain  more  deeply  than  normal  at  the  cathode  with 
certain  dyes  (toluiilin  blue),  while  at  the  anode  they  stain  less 
deeply. 

Elt^lrotortu^. — The  altereil  physiological  condition  of  the  nerve 
at  the  poles  during  the  passage  of  the  galvanic  rurretit  is  designated 
as  eletrtrotormB,  the  comlition  roumi  the  aninle  l}eing  known  as 
anelectrotonus,  that  round  the  catho<le  as  catelectrotouus.  Elec- 
trotoDUH  expresses  itself  as  a  change  in  the  electrical  condition  of 
the  nerve  which  gives  rise  to  currents  known  as  the  electrotonic 
currents, — a  brief  description  of  these  currents  will  L>e  given  in 
the  next  chapter, — and  also  by  a  change  in  irritability  and  con- 
ductivity. The  latter  changes  were  first  carefully  investigated 
by  Ffliiger,  who  showed  that  when  the  galvanic  current,  or.  as  it  is 
lally  calle<l  in  this  connection,  the  polarizing  current,  is  u(»t  too 
»rong  there  is  aa  incn'ast?  in  irritability  and  conductivity  in  the 
neighborhood  of  the  cathode,  the  so-called  catelectrotonic  increase 
of  irritability,  while  in  the  region  of  the  ano<le  there  is  an  anelec- 
tnUonic  decrease  in  irritability  and  conductivity.  These  opposite 
variations  in  the  state  of  the  nerve  are  represente<l  in  the  accom- 
panying diagram.  Between  the  two  {)oles— that  is,  in  the  intrapolar 
region — there  is.  of  course,  an  indifferent  point,  on  one  side  of  which 
the  irritability  of  the  nerve  is  al)ove  normal  and  on  the  other  side 
below  normal.  The  position  of  this  imliPFerent  point  shifts  toward 
the  rathode  as  the  strength  of  the  polarizing  current  Ls  increased. 
In  other  words,  as  the  current  increases  the  anelectrotonus  spreads 
more  rapidly  and  becomes  more  intense,  and  the  conductivity  in 
this  region  soon  becomes  so  depressed  as  to  block  entirely  the 
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passa^  of  a  nerve  impuUe  throu(?h  it.  The  rhancres  on  the  rathodal 
ride  are  not  so  constant  nor  ^so  distinct.  I-ater  ol*seners*  have 
shown,  in  fact,  that  if  the  polarizing  current  is  continued  for  sorne 
time  the  heightened  irritability  at  the  cathode  soon  diminishes 
and  Mnks  below  normal,  so  that  in  fact  at  the  cathode  as  well  as 
at  the  anode  the  irritability  may  be  lost  entirely.  If  the  polarizing 
current  is  vcr>'  strong  tlus  depressed  irritability  at  the  cathode 
comes  on  practically  at  once.  Moreover,  when  a  strong  current 
that  has  been  passing  through  a  ner\e  is  broken  the  condition  of 
depressed  irritability  at  the  cathode  persists  for  some  time  after 
the  opening  of  the  current. 

Pflugrrs  Laic  of  SHmtUation. — It  was  said  above  that  when 
a  galvanic  current  is  passed  into  a  nerve  there  is  a  stimulus  (catho- 
dal) at  the  making  of  the  current  and  another  stimulus  (anodal) 


Fte  31.— F3«rCro4nnic  sltaratiuns  of  irnl»fai&ly  cmtcwd  hy  mwak,  ■iiliiiiB.  abd  4raM 
tentry  ettmnts:  A  wtd  B  iadieata  tkm  pa»t»ol«jniiMiift«  <tf  Ifci  ihiMBtii  to  ifc»  ■«  i  ■.  A 
Mac  Ite  amkI*.  B  ite  mIkoittL  Ito  konaoatalKM  miHiMli  tbt  mmnm  si  marmmi  kn- 
tftfaOtty;  Om  curmA  ft—  iatf»»  haiw  Uw  iiiilifcailj  b  JftJ  —  —■■iil  pmtm  of  tkm 

But  below  th»  Hm  ^'*^*«— W  dMtmaMi.  »mi  ttet  Sban  tk»  Hw  imnmmA  IniuMhT:  at  «> 
U«  Mrrv  aniaaa  tte  1m.  CiS  batec  tte  ittdyhraat  pdM  al  vhiih  Ih*  cMriwtn*! 

mm  0oaapaamtmi  for  by  ■iwJtitiKiwiii'i  rfhcte:  i^  BTastbeaBMC  af  a ''^ 

|^.afa«dlMnxi«H-ciin«DC     Aa  tha  sc?M«th  of  ttp 


•md  eneoda  fanbar  iaio  iba  cnrapolar 
I  poiat  a  saaa  to  advaaca^  with 


at  the  breaking  of  the  current.  This  statement  is  true,  bowerer, 
only  for  a  certain  range  of  currents.  Of  the  two  stimuli,  the  making 
or  cathodal  stimulus  b  the  stronger,  and  it  follo^K-s,  tfaerFfore. 
that  vrhexi  the  strength  of  the  current  is  diminished  there  vnH  come 
a  reftain  point  at  which  the  anodal  stimulus  will  drop  out.  With 
weak  currents  there  b  then  a  stimuhis  only  at  the  make.  On  the 
other  hand,  when  ven*  stroog  eurrents  are  used  the  stimuE  that  art 
at  the  two  poles  set  up  nerve  impulses  whose  poasaee  to  the  muscle 
may  be  blocked  by  the  depressed  conductivity  caused  by  the  electro- 
tonic  changes.     Whether  or  not  the  stimulus  will  be  effective  ia 

•  Weri«o,  *«  Fftu^v^a  .%fehiv,^  ^.  W7.  1901.     Se« 
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ising  a  contraction  in  the  attached  muscle  will  depend  naturally 
in  the  relative  positions  of  the  electnxles, — that  is,  on  the  direction 
of  the  current  in  the  nerve.  In  describing  the  effect  of  these  strong 
currents  we  must  distinguish  Ix^tween  wliat  are  called  ascending 
and  descending  currents.  .Vscending  currents  are  those  in  which 
the  direction  of  the  current  in  tlic  ner^'e  is  away  from  the  muscle, 
n  position  of  the  poles,  therefore,  in  which  the  anotle  is  closer  to 
the  muscle.  In  descending  current-s  the  positions  are  reverse<l. 
Pfluger's  law  of  contraction  or  of  stimulation  takes  account  of 
the  effect  of  extreme  variations  in  the  strength  of  the  current 
and  18  usually  expressed  in  tabular  form  as  follows:  The  letter  C 
indicates  that  the  nene  is  stimulated  and  catises  a  contraction  in 
the  attached  muscle,  and  O  indicates  a  failure  in  the  stimulation 
(weak  currents)  or  a  failure  in  the  nerve  impulse  to  reach  the  muscle 
owing  to  blocking  (strong  currents). 


toabow  the  arroDscmcnt  of  apparatuN  for  an  a-tcrodinc  and  adeaceodinc 
current:  A,  aaoendinK;   O,  descrndins. 


.^ATCKPINa    CCHBKMT.       DcSCCWDINn    CtIIBCMT, 
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The  effects  obtained  with  the  strong  currents  are  readily  under- 
if  we  bear  in  mind  the  facts  stated  above  regarding  electro- 
tonuR.  Wlien  the  current  is  ascending  the  stimulus  on  making 
starts  from  the  cathode,  but  cannot  reach  the  muscle  because  it 
bi  blockecl  by  a  region  of  anelectrotonus  in  which  the  conduc- 
tivity is  depres«Hl.  The  stimulus  on  breaking  takes  place  at 
the  anode  and  the  impulse  encounters  no  resistance  in  its  passage 
to  the  muBole.  With  the  descending  current  the  cathode  lies  next 
lo  the  muscle  and  the  making  or  catho<laI  stimulus  of  course  causes 
a  contraction.  On  breaking,  however,  the  impulse  that  is  started 
htinn  the  anode  is  blocked  by  the  depressefl  irritability  in  the 


flf  ft  dtmetmSm^  cmiwt  'ilyiMoa  d  the  aerre  is  tlw  iatnpolar 

the  OBade  to  rot.     Is  tbe  mm  wj  il  fiuifily  hat|^ieBft 

fcbe  coreaft  tfaoQ|jh  a  aenv  the  iMiek.  isflQMl  of  gmas  a 

~  M  tbe  r1nM£  or  PftOga^s  teteasL  Both  of  tkem  pbcnomenm 
aqncialtf  wbot  Iho  JiiitrfMitar  cf  tte  ntrrw  im  far  any  reason 
pvater  than  aannaL  It  «ees»  prafaafale,  taenfne.  to  maay  ahevnrers  that 
tht  TTfilB^^^  at  the  crtlwrip  linwaii  m  nalilj  donag  tke  pMMB'  of  the 
cwiaa*  fiwa  ia  motor  fiboi,  ■■hnwigh  ordnanly  t^  extrtatwB  oubb  itadf 
fA  upcm  ih&  laiiaii  ■  aafy  at  the  matmem^ ol  cioaav  ;  the  exritatiaBs  during 
the  PMHee  of  thecoRcst  beiaK  cither  too  weak  to  aSeet  the  rniMrie  or  the 
wflwwia  of  the  aerfe  baaig  each  a«  to  pimet  thair  cwJailHm  to  the  imade. 
It  rfwiiiil  be  added  that  the  opfniBg  and  the  cIohk  trtaiww  may  be  obaerved 
aleo  m  a  ■iiwIb  elmi  the  galraate  eorreat  m  pafled  thiougih  H. 


Stimulation  of  the  Nerves  in  Man. — For  therapeutic  as  weQ 
M  A»»^viRtu-  aad  e:q>sniDeatai  putpaaes  it  often  becornos  dedrable 
to  atinialBte  the  nenr^,  particulariy  the  motor  ner\es.  in  man. 
We  may  use  for  this  purpose  either  the  induced  I'faradic.  alternat- 
ing) current  or  the  direct  battery  current  (galvanic  or  continuous 
current).  In  such  cases  the  electrodes  caimot  be  applied,  of  course, 
directly  to  the  nerve;  it  become?  necesaari-  to  stimulate  through 
the  skhi,  and  the  so-railed  unipolar  methoti  is  employed.  The 
unipolar  method  consists  in  placing  one  electrode,  the  active  or 
Mimulatlng  electrode,  over  the  ner%'e  at  the  point  which  it  is  desired 
to  stimulate,  while  the  other  electrode,  the  inactive  or  indifferent 
dectrode.  is  applied  to  the  skin  at  some  more  or  less  remote  part, 
oaually  at  the  back  of  the  neck.  The  indifferent  electrode  is  made 
large  enough  to  cover  several  square  centimeters  of  the  skin,  and  one 
may  concave  the  threads  of  current  passing  from  it  into  the  moist 
tissues  of  the  body  and  thence  to  the  active  electrode.  As  the 
threads  of  current  condense  to  this  latter  electnvle  they  pass  through 
the  motor  nerve  which  lies  under  it.  and  if  sufficiently  intense  v\\\ 
stimulate  the  ner\e.  The  arrangement  is  represente<l  in  the  accom- 
panying schema  (Fig.  33),  showing  the  disposition  of  the  electrodes 
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for  stiinulatiiig  the  median  nerve.  At  the  indifFerent  electrode  the 
sensory  nerves  of  the  skin  are  of  course  stimulated,  but  no  motor 
response  is  obtained,  as  no  motor  nerve  lies  iinniediately  under  the 
skin.  Moreover  the  large  size  of  this  electrode  tends  to  diffuse  the 
current  and  thus  reduce  its  effectiveness  in  stimulating.  The  active 
or  stimulating  electrode  is  small  in  size,  particularly  when  induction 
currents  are  employed,  so  that  the  current  may  l>e  condensed  and 
thus  gain  in  effectiveness.  The  drj'  surface  of  the  skin  ia  a  poor 
conductor  of  the  electrical  current,  and  to  reduce  the  resistance  at  the 
points  at  which  the  electrodes  come  in  contact  with  the  skin  each  is 


FUr.  33. — Sobems  to  ^how  the  anlpoUr  mMhod  nt  ntinmlation  in  man.  The  Kaod% 
■4-,  U  rvprwiited  m  the  BtuiiuUting  pole,  applied  over  the  median  nerve.  Tliecsltiode, 
■"•  ia  the  indifferent  pole, 

covered  with  cotton  or  chamois  skin  kept  moistened  with  a  dilute 
saline  solution. 

Motor  Points. — By  means  of  the  unipolar  method  nearly  every 
voluntary  muscle  of  the  body  may  be  stimulated  separately.  All 
that  is  necessary,  when  the  induced  current  is  used,  ia  to  bring  the 
active  electrode  as  nearly  as  possible  over  the  spot  where  the 
muerle  receives  its  motor  branch.  A  diagram  showing  these  motor 
points  for  the  arm  is  given  in  Fig.  M.  In  the  same  way  the  nerves 
of  the  brachial  plexus  and  other  nerve  trunks  may  Ije  stimulated  very 
readily  through  the  skin.    When  the  induction  current  is  used  no 
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distinction  is  made  between  the  rathodic  and  anodic  effects.  When, 
however,  the  button'  current  is  employe<l  one  may  make  the 
stimulating  electrode  either  anode  or  catho<le.  and  under  tiiese 
circumstances  a  marked  difference  is  observed  in  the  strength  of 
the  current  that  it  is  necessary  to  use  to  get  a  response.  With  the 
battery  or  galvanic  current,  in  fact,  one  may  distinguish  four 
stimuli,  the  closing  and  the  opening  shock  when  the  stimulating 
electrode  is  cathode  and  the  closing  and  the  opening  shock  when 
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Tig.  34. — Motor  points  in  upper  extremity. 


it  is  anofle.  The  contractions  resulting  from  these  four  stimuli  are 
designated  usually  as  follows  :  The  cathodol  closing  contraction. 
CCC:  the  cathodal  opening  contraction,  COT;  the  anodal  clofi- 
ing  contraction,  A  C  C:  and  the  anodal  opening  contniction. 
A  0  C.  Their  relative  efficiency  as  stimuli  i.^  given  by  the  sequence 
C  C  C  >  A  C  r  :  a  O  C  >  C  O  C,  although  this  sequence  is  subject 
to  some  indivifiua!  variation.  Certain  pathological  or  traumatic 
lesions  that  cause  the  degeneration  of  the  nerves  may  be  revealed 
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>y  the  use  of  these  methods  of  stimulation.  The  nerve  trniik 
undpr  such  circunistance»  fails  t^^)  reapomi  to  either  form  of  stimulus, 
inducHvl  or  palvanir.  The  muscle,  on  the  other  han*l.  while  it 
faile  to  respond  to  induction  sliocks,  is  stimulated  by  the  galvanic 
current  and,  iudee<i,  itiay  show  an  increased  iiTital)i!ity  toward  this 
form  of  .stimulus.  Certain  qualitative  changes  in  the  re-action  of  the 
muscle  U>  the  galvani*-  rurrfnt  tnuy  also  Ije  noticed,  for  instance, 
the  A  C  C  i-4  sometimes  olitained  with  \ess  current  tiian  the  C  C  C, 
'pod  the  conrractitm  \s  more  sluggish  in  character.  This  qualitative 
Und  quantitative  change  in  reaction  to  the  galvanic  current,  and 
the  lo*s  of  irritahility  to  the  induced  current,  constitute  what  is 
known  ha  the  reaction  of  degeneration. 
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FIc.  35. — Two  aehemata  to  abow  the  relation  betvreeo  the  pbydcsl  aad  tba  physio. 
lo^Okl  elactrodaa  or  poleN.  Each  achetna  rvprewnu  th«  forearm  with  (ha  mwlian  orrvck 
Jw.  la  /  th«^  fttim II l«tinK elect roila  bi  tha  cathode:  the  threads  (ifciirrrtnt  which  hnw  vtartoii 
Irom  the  ancMle  Ithe  inJiffierant  electrode)  placed  ebewhere.convfiricF  to  thi:i  [miU«.  Where 
%hma  lhr«ad5  enter  the  nerve  we  havo  a  eenee  of  phyiloloi^cal  eno^li^*,  o;  where  they  leave. 
a  Hviva  ol  phyaiolocical  cathodes,  c.  la  //  the  otiniulaliiiii  eUwiriMje  is  the  anode.  The 
threatis  of  current  leave  Uiin  poU  to  travenw  tho  bcMly  tttwanl  the  indifferent  el<*rtru(le 
(eatbnda)-  Where  Ibey  enter  and  leave  the  ncr\*e  we  have,  w*  in  the  Knt  ca2«.  physio- 
HCtaal  Miodw  aad  eathodas,  now,  bowe^rr,  on  the  opposite  ada«  of  the  nerve. 


» 


Distinction  between  Physical  and  Physiological  Poles. — The 
facts  stated  alx)ve  seem  to  show,  at  first  sight,  that  by  the 
imif>olar  metho<l  we  may  oluaiu  V>otii  an  opening  and  a  closing 
shock  at  either  the  ojithode  or  anode,— a  rciiuli  which  Ls  in 
apparent  cont radiction  to  the  general  law  that  the  making  or 
cbwing  stimuhis  occurs  oidy  at  the  cathode  and  the  breaking 
or  opening  stimulus  only  at  the  anode.  This  apparent  contra- 
diction Is  readily  exphiine<i  when  we  remcmlxtr  that  in  the 
unipolar  method  the  active  electrode  rests  upon  the  skin  over  the 
nerve,  and  tliat  the  threads  of  current  radiating  from  thLs  jxiint 
enter  the  nerve  at  one  point  and  leAve  it  at  another.  E\idently, 
therefore,  so  far  as  the  ner\'e  is  concerned,  there  will  be  an  anode 
where  the  current  w  con.*iidered  an  entering  the  ner\'e  and  a  cathode 
where  it  leavea  it,  so  that  under  the  active  electrode,  whether  this 
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is  physically  an  anode  or  cathode^  there  will  be,  as  regards  the 
nerve,  a  series  of  what  may  be  called  physiological  cathodes  and 
anodes.  The  closing  shock  arises  at  these  cathodes,  the  opening 
shock  at  the  anodes.  The  position  of  the  series  of  anodes  and 
cathodes  will  vary  according  as  the  active  electrode  is  an  anode 
or  cathode,  as  is  indicated  in  the  accompanying  diagram  (Fig.  35). 


CHAPTER  IV. 


THE  ELECTRICAL  PHENOMENA  SHOWN  BY  NERVE 
AND  MUSCLE. 

The  Demarcation  Current. — Our  definite  knuwleilgo  of  the 
electricul  properties  of  living  ti.-.siie  began  with  tJie  celebrated  in- 
vestigations of  du  BoLs-Reynioud*  (1843).  When  a  nui.sele  or 
nerve  is  removed  from  the  body,  and,  in  the  ca-se  uf  (he  muscle, 
when  one  tendinoun  end  is  cut  off.  it  is  found  that  the  cut  eml  has 
aa  ele<-trical  potential  differing  from  tliat  of  the  uninjuretl  loniyji- 

inul  surface  of  the  preparation.  Following;  the  usual  nomen- 
clature, the  cut  end  Is  electronetcative  as  regards  tlie  loniriludinal 
i^urface.  If.  therefore,  the  longitudinal  surface  is  connect^Ml  by 
a  conductor  with  the  out  surface  a  current  will  flow  from  the  fomier 
to  the  btter,  as  Is  indicated  in  the  accompanying  diagram. 


-[ 


FIc.  36. — fc'hfm*  flbowiiu:  tha  coane  of  tbe  demarcation  nirrent  in  uiexcMii  D«rv*«, 
n  ■  point  oa  lb*  lonititutlmal  and  ono  on  tbt  cut  surface  are  united  by  *  conductor. 


While  the  direction  of  the  current  through  the  conductor  con- 
necting the  two  points  is  from  the  longitudinal  to  the  cut  surface 
tbe  current  may  be  considered  as  Ix^ing  completed  in  the  opposite 
direction  within  the  substance  of  the  muscle  or  ner\^e,  as  shown 
in  the  diagram.  We  may,  in  fact,  consider  an  excised  nerve  or 
muiscle  as  a  batter>',  the  cut  end  representing  the  zinc  plate  and 
the  longitudinal  surface  the  copper  plate.  Within  the  battcr\' 
tbe  direction  of  the  current  is  from  zinc  to  copper,  from  cut  end 
to  longitudinal  surface;  outside  the  batterj-^  the  direction  is  from 
copper  to  zinc,  from  longitudinal  to  cut  surface.  If  two  wires 
are  connected  with  the  nm.scle  or  nerve  the  end  of  the  one  attached 
to  the  longitudinal  surface  will  represent  the  positive  pole  or  anode, 
the  end  of  the  one  attached  to  tlie  cut  end  will  represent  the  cathode 

•  "TTnUretichungen  iiber  thieriscbe  Elektricit&t."  du  Bois-Revmond. 
1848-1800. 
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or  iMgauve  pole.    On  joiniDg  tbe  eocb  of  the  wires  a  current  wO) 
|Mfli  from  positive  to  De^tire  pofe. 

A  eufT«iit  of  this  cfaumcter  from  &n  excised  nerve  or  muscle 
m,  ci  eoaiBe»  small  in  •wM«mt  and  to  detect  it  osie  must  make 
use  of  ft  delicate  ciectnxoeter  of  soooe  sort  (see  below).  Du  Boi^ 
Reymond  consadeied  tint  the  difference  in  ekctrkal  potential 
which  gives  rise  to  the  current  edstA  normally  in  the  muscle, 
although  marked  by  an  opposite  raoditioR  in  the  tendinous  ends, 
and  he  ther^for^  sprdce  of  tbe  current*  as  the  natural  muscle  or 
natural  nerve  currentd.      It   ha^  s-ince  been  shown  by   Hermann 

that  this  xlew  is  incorrect;  that  the 
perfectly  normal  tminjured  muM^le  or 
ner\'e  has  the  same  electrical  potential 
throughout  ami  will  therefore  give  no 
current  when  any  iwo  points  are  con- 
nected by  a  ctmductor.  Moreover,  the 
completely  dead  muscle  or  ner\*e  sliows 
no  current.  The  tUfference  in  poten- 
tial that  b  found  in  the  exciscil 
ner\'e  or  mu^le  h  due,  according  to 
Hermann,  to  the  fact  that  at  the  cut 
end  the  nen^e  or  muscle  Ls  injured-  The 
chemical  changes  that  take  place  as  a* 
result  of  the  iiijurj*  make  the  tissue 
electronegative  as  regards  the  un- 
changed living  sul)stance  elsewhere. 
For  thL?  reason  Heniiaun  described 
the  current  as  a  demarcation  current; 
others  have  called  it  the  current  of 
injury. 

The  nature  of  the  chaiije«s  at  the  injured  end  are  not  knuwn.  It  is  int^r- 
estinfc  to  note  that  I^rnnteTn*  has  shown  that  the  electromotive  force  of  the 
muscle  current  iucreaae^  with  the  temperature,  a  fact  whicli  leads  him  to 
conchide  thai  the  difference  in  potenliiU  between  the  lonjzitudinal  and  cut 
surface  of  the  miwele  depend*  upon  a  differt-nce  in  otmrentratinn  n(  the 
elect  rolyte»i.  The  muscle,  in  fact,  acts  after  the  manner  of  a  'concentration 
cell."  Such  a  difference  in  concentration  may  pre-evist  in  the  normal  miLs- 
cle,  or.  according  to  tlw?  view  adopted  aJMive.  is  developed  as  the  result  c^ 
injurm^;  one  end  of  the  muscle.  It  may  he  Buppofe*!  that  the  injiUTt'  causes 
cImnK**.**  which  result  in  the  formation  of  new  orpunic  or  inorjfaiiic  electro- 
[yltrii  and  thuH  incniLses  the  concfnlnition  :\\  that  (M>int. 

Means  of  Demonstrating  the  Muscle  Current.— The  demarcation 
eurrcnl  and  nther  t'lectncal  conditions  to  he  des(-ril»efl  require  especial  ap- 
paratUH  for  their  study.  To  detect  the  exi-stenet*  of  a  current  phyBiolopffts 
uw  citlier  a  high-resistance  (salvanometer  or  a  capillary  electrometer.  The 
galvanometers   employed    are   usually    of  two   tx-peH.    the    Kelnn    reflcrtinp 

fjalvanometer  or  the  d'Areonval  form.      The  principle  of  the  iralvanometer 
les  tn  the  fact  that  a  ma«m<*tic  needle  is  deflected  when  an  electrical  curreat^ 

•"Pfluger's  Archiv,"  1902.  xcii.,  521. 


Tie.  37.  —  Schema  iliowiDC 
the  pnncipl*  r>f  coaMradioa  of 
the  Kslvonnmeier:  Jtf.Th*  nku- 
net  »UHp«mdrtJ  by  a  thread :  B, 
the  battery,  with  the  wires  tea/l* 
ins  off  the  current  eocireUns  the 
niAfnet. 
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a  wire  in  its  A-icinity.     If  a  nia^otic  needle  is  swiinfi;  by  n 

^  8o  tw  tu  move  easily   it    will   come  lo  n-M   in   the   tnuKuetic 

mrndian  with  ixs  north  ()ole  {MiintinK  north.  If  now  a  wire  is  curved  round  it, 
Ai«j«lin»n  in  llie  accompanying  diagram,  and  a  bnllerv  current  is  sent  through 
thw  wire  the  neeille  will  lie  deflected  (o  the  ripht  if  liie  ourrent  i>a««eji  in  ono 
4linvtion  and  to  the  left  if  it  |).asscH  in  the  opjKisito  rlire<'tinn.  Tlie  move- 
utttii  of  theiiee^ileisaii  indication  of  thojire^enceand  direction  of  the  electrical 
.■vurrent  in  the  wire.  The  extent  of  defloi  lion  of  the  ncetlle  may  l)e  u>«d  to 
the  strength  of  the  current  hy  a-rertainiiig  the  amoimt  of  deflertinn 
caUMd  by  a  standard  battery.  The  effect  of  the  current  ui>on  the  newlle 
jncreaMS  with  the  number  of  tunt:^  of  wire,  no  that  delicate  fcaivanometer$ 
roostnirted  U[xmi  this  principle  are  sjxikcu  of  as  high  resiftance  gaJvanom- 
rtCTB,  the  great  length  of  wire  ummI  makiiic,  of  cour»t.\  a  high  pcsistimce. 
itutead  uf  tmving  the  coil  through  which  thr  current  fiaMse-i  krpt  in  ii  fixed 
pooitiun  and  the  mafoiel  <Iclicat«*ly  r>wung  or  ]xiised,  the  reverse  arrangement 
nctay  be  useil.  — tliat  is,  the  cuil  may  be  awimg  l>etween   the   |»ole«  of  a   fixed 


>l  Kmlvanometer  as  modified  by  Rowland. 


»et,     I'luier  the**e  eircuiu^ftances  if  a  current  is  sent  through  the  coil 
latter  will  move  with  referen<-e  to  the  magnet.     A  gal^'aIlolnete^  cou- 
nted on  Ihl"*  principle  is  designated  as  a  d'Araonval  calvanouieier.  after 
the  physiologist  who  &r«t  em|:>loyeit  tluK  arrangement.     The  d'AmonvaJ  form 
of  ealvajtontcier  i)Oss&s»es  many  i)ractical  advantage**  for  iihyMological  work, 
and  It  may  i^utlice  to  give  the  deiaiU  of  thU  fonn  alone.     In  tlie  d'.ArMinvai 
fonn  tJie  nitignet  ia  fixed  wliile  the  coil  of  wire  throuph  which  the  current 
is  swung  l.y  a  very  delicate  thrcaul  of  quartjs,  .>ilk  fiber,  or  phosphor- 
.     Tlie  nrinciple  of  the  arrangement  'is  *hown  in  the  accom|»aiiyiiig 
diagrmn  (I'lg-  >>^*)  and  one  form  of  a  complete  iuHtrument  in  Fig.  38.     A  large 
bovwaboc  magnet  \n,  e)  u>  tixfd  fterumncntly  and  between  (he  [K>tej4  in  inning 
acxn!  <c)  of  delicnt-t'  wire,  the  two  entb  of  the  wire  being  connected  uith  bmding 

kpo«t«  in  the  frame  of  the  in-Hlnmienl.  The  coil  i.s  held  in  place  Im'Iow  by  » 
citflicair  fipirul.  In  Fig.  .'i'J  i*  will  l»e  seen  tlujl  the  deliciite  threaii  NUH|K'n(liitg 
Iteroil  carri»-'«  ju*it  alx^ve  the  cnil  a  «n»all  mirror,  m.  nnd  n  plate  of  thm  nuca 
P^luniinum.  The  mirror  is  dcHceled  with  the  cuil.  and  when  viewtHl  through 
CfaltttJcaoopc  picttired  m  Kig.  3-S  the  image  of  tlie  scale  above  (he  tcler«cit|N*  \» 
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reflected  in  thip  mirror.  As  the  coil  and  mirmr  are  twi?ted  by  the  action 
of  the  current  pa.««inE  througrli  the  former  the  reflection  of  the  scale  in  the 
mirror  is  displaretl.  i*y  means  of  a  cro!<s  hair  in  the  telescope  the  angle  of 
deflection  may  be  read  upon  tlie  reflect^l  scale.  The  aluminum  vane  back  of 
the  mirror  makes  the  system  deatl-bcat  so  that  when  a  deflection  is  obtained 
the  s)*!«t«m  romes  quickly  to  re^t  with  few  or  no  oscillations.  If  the  coil  of  wire 
containa  sufficient  turns,  enough  to  give  a  total  resistance  of  two  to  three 
thousand  olim!^,  and  the  poles  of  the  nuignet  are  brouglit  very  close  to  the 


Ftf.  30.— Diagram  of  strue- 
ton  oi  tltQ  d'AnM^iival  nlvunatn* 
•tar.  c  is  the  ctn\  of  fine  wire 
thnniefa  which  the  current  ia 
imaMd.  It  U  iwuna  by  a  fin« 
ihraad  of  pboophor-brooM  bo  ma 
to  lie  between  and  dose  to  the 
pole*— (n>  north  p<ile,  and  (*) 
■auth  pole— uf  the  mainiet.  Just 
above  the  TnagTiet  the  threaii  car* 
riea  a  mica  or  aluminum  vane  to 
which  ia  attached  a  nmal]  mirror. 
Tbe  aoale  of  lite  instrument  tM  re- 
flected in  t  Mn  ni  i  rmr  and  in 
ofaeerved  tbrouch  the  telescope 
■hown  lo  Fi«.  3ti, 


FiR.  40. — Schema  of  capilUry  elecUnmeCflr 
arrauiteil  to  show  tbe  demarcation  current  ia 
mUATJp  (.Lombard):  a.  The  glass  tube  oontaiaing 
mercury  and  dra»*n  to  a  fine  eapiUarj'  below;  c, 
tlte  rec«i>tacle  containing  mercury  by  raialnt 
which  the  mercury  can  be  driven  into  the  capil- 
]ar>-  of  a:  f.  a  vessel  with  glaaa  aidee  contaioiu 
mercury  below,  and  above  dilute  sulphunc  acia 
into  which  the  capillarj'of  a  dipa;  S,  the  micro- 
co[ie  fnr  obnpr\-ing  the  mercury  thread  in  tba 
capillary:  "<•  the  muHcle:  0  and  A*  tba  wiru 
touching  tbe  lonKitudinal  anu  cut  surfacea  of  tbe 
mUDcle.  The  current  flows  as  indicated  by  th« 
small  arrows;  d.  the  capUIary  thread  of  merouiy 
aa  aeen  under  tbe  microscope. 


coil,  tlic  instniment  may  be  given  a  delicacy  mifficicnl  to  study  accurately 
tlic  muKck*  and  nerve  currentn.  In  such  an  iastninn'ni  the  effect  of  theeaiih  9 
magnetiHrn  may  Ix'  neglected  and  the  galvanometer  may  lie  liung  u|Hm  any 
(nipIM)rt  without  reference  to  the  magnetic  meridian. 

The  Capillary  Electrometer. — The  movable  system  of  a  galvanometer 
powteaaefl  considerable  weight,  therefore  inertia;  so  that  it  will  not  indicate 
aocuratelv  the  presence  or  extent  of  very  brief  electrical  curn-nts  such  a»  have 
to  be  studied  in  physiology-  in  Home  c&se».     tor  purposes  of  this  kind  a  fdmple 
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histnunpnt  known  m  thp  rapilltiry  e|pctromel<»r  is  employecl.  The  principle 
ol  tiw.'  run.''tniction  nf  this  inMniment  is  illuKtraUHl  in  rig.  40.  A  gtnsH  tunc, 
a,  u  dmwn  out  at  un**  oml  into  a  very  fine  capillar^',  the  end  of  which  dips. 
intn  tsome  diluted  fiulphuric  acid  rontainefl  in  the  veswel  (/).  At  the  bottom 
<rf  lUis  vesBel  U  a  layer  of  njereury  oounefling  with  a  wire,  q,  fuf^ed  into  the 
$}um  veaiel.  The  tul)c  a  is  partiallv  filled  villi  redistilled  mercury,  which 
pendrmtes  for  a  j»hort  distance  intn  the  capillao'.  Ry  nic-aiin  of  nressure  ayv 
plied  from  aljove  r,  the  mercury  ran  he  forcetl  throiieh  the  capillary.  Tfien 
ny  dimini.>ihinfc  the  pressure  the  nierrurv  ean  l»e  hrfiunht  hack  mto  the  capil- 
lary a  certain  distance,  drawing  after  it  some  nf  the  dihito  Riilplniric  acid. 
The  mercury  in  tube  a  is  connected  with  the  other  pole  of  the  battery  by  u 
wire  fused  into  its  wall  and  di[)ping  into  the  mercury  By  recruUtiug  the 
pressure  on  the  mercur\-  the  p*iini  of  coutAct  between  the  thread  of  mercury 
and  the  •tulphuric  acid  in  the  capillary,  d,  can  be  brought  to  any  desired  posi- 
tion. An  e<]uilibrium  is*  then  establi8he<i  which  will  remain  con-stant  as  Jonf^ 
ut  the  condition.^  are  not  ehongei].  if  now  the  circuit  from  a  battery  or 
other  source  of  electricity — for  exaiuple,  thee.\cii*etl  nerve  <irmu.scle — iit  closed, 
the  current  entering  by  wire  </,  if  this  represent*  the  anode  traverses  the  sul- 
phuric acid  and  mercurj-  in  the  capillary  and  return."*  by  tlie  wire  A.  At  the 
moment  of  the  establishment  of  the  current  theemiilibriuin  of  fon-cwthat  holda 
the  merrurv  at  a  certain  fK>int  in  the  capillar)'  i.^  disturbed,  the  end  of  the  mer- 
cury ihrvjwl  movcji  unwanl  with  the  current  fur  a  cer- 
tain distance.  ilc[M>niling  nn  the  utrcngth  of  the  rurrcnt 
and  the  delicacy  of  the  capillary.  If  the  current  be 
paKw«>I  ii,  rlic  MpfMiKite  direction  ihe  mercurj'  will  move 
ilr>"  I  t-rtain  distance.     The  meniwiin  of  contact 

m*'  'I own  with  the  direction  of  Ihe  current, 

owiiu;.  il  i»  ttupposeti.  to  a  change  in  the  Htirface  tennon 
at  this  ptiint.  The  capillary  tubefl.s  nued  for  physiologi- 
cal [nirpoees  is  too  Mnall  for  the  movementa  of  the  mer- 
cury to  be  detected  with  the  eye.  It  is  necessary  to 
magnify  it  either  with  a  micn'wcope  or  n  projection 
lantern.  Ordinarily  the ele<tronieter  is  so  made  timt  it 
can  be  placed  upon  the  ^tage  of  the  microscope  and 
the  capillary*  lie  brought  into  focuj>  at  the  menlvuH, 
an  shown  in  d,  Kig,  40.  By  means  of  proijcrajiparata^ 
the  movement  can  l»e  photographed  an»I  thus  a  per- 
manent record  \->e  obtained  of  the  direction  and  extent 
cf  movement  of  the  mercury. 

S on-polarizabi*  EUitrf^df*.  —  In  connectuig  a 
muM*le  or  ner>'e  to  an  elei'tronieter  or  galvanometer 
It  is  nece^ary  that  the  Iciiding  off  electr<^e» — that  i£>, 
the  points  of  contact  l>etween  the  wires  an<l  the 
muscle  or  nerve — nliall  be  iiKj-electrical  and  non-[K)lar* 
liable.  By  iso-electrical  \s  meant  that  the  two  elec- 
trades  shaU  have  the  Mime  electrical  (Kitential.  and  it 
ii  olyTiouft  that  the  leading  off  clectrotlos  ma-^-t  fulfill 
thi*  condition  npproximatelv  at  least,  since  otherwise 
the  rtirreril  obtained  from  the  muscle  or  nene  could 
oot  be  attributed  to  tlifTerence^  m  fK)tential  in  the 
tiseue  itself;  it  would  be  ^-hown  by  any  other  moi-^t 
eooductor  eonnerting  the  two  electrodes.  Two  clean 
platinum  electrode?  would  fulfill  thif  eon<litiou.  A 
more  f«riou*t  dithculty  is  found  in  the  polarisation  of 
metallic  eleetrmlef*.  Whenever  a  metal  conductor 
and  a  Uquid  conductor  come  into  contact  there  is  apt 
lo  b#"  fiolarizAtinn.  Wliat  takes  plaee  may  b<*  ropresent/vl  by  the  following 
diagram,  in  which  a  current  is  supposed  to  be  pa^wing 


Flic.  41.— To  show 

th«  0tntrture  of  s  non- 
pulanuil>le  electnule: 
1,  The  pad  of  kanUn  or 
filter  paper  moietenod 
with  phyatological  mk 
liiw  (NsCI,  0.7  nr 
Mnt.)  (thisupUcMoo 
the  tissue);  2.  the  Mt- 
urated  solution  of  siiHi 
mjlptiAte;  (3)  IIm  bar 
of  lunalcamBtod  soo. 
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itween  the  poles  A  and  C  tlirouKh  a  sohition  of  tuxlium  chlorid.  During 
the  passfig<?  of  tJip  current  the  nitirms.  Na,  with  their  positivp  chargcti 
move  lowuni  the  oulhoile;  at  the  eathude  the  fret.'  feodium  ion  acts  ii^ion 
the  water,  HHO.  fornim^  NuOII  and  liberating  hydrogen,  which  gives 
itfl  rharpe  to  tlie  eaihotJe  and  ueeurniilates  upon  it  iu  ifie  tonn  of  gas.  The 
anions,  (U,  with  their  negative  char;a;e.s  nioAe  toward  the  anode;  there  the 
chlorin  acts  upon  tlie  water,  fornung  H(  1  and  Iil>crating  oxygen.  In  ponse- 
quenoe^  of  these  clieniitul  aeliuuH  at  the  poles  an  electromotive  force  is  de- 
veloped at  the  cathode  which  dimiiiislies  the  current  pat(»ing  from  A  to  C. 
It  is  ohviouH  that  in  oiiantilauve  Htudics  of  tlie  electrical  ciirrent«  of  aniraal 
tissues  polarization  will  destroy  the  aueuraey  of  tlie  resulla.  the  demarcation 
current  will  show  a  diminution  due  not  t<j  changes  in  tJie  nerve,  but  to  phj-si- 
cochemical  clianicei!  at  the  leading  off  elcctrt>de.s.  To  prevent  |)olarization 
du  Bois-Reymond  deviled  the  non-polarizahle  ele<M riides  cntisisting  of  ztne 
terminal?!  immersed  in  zinc  sulphate.  Theoretically  any  nieial  in  a  solution 
of  one  of  it«  sail*  may  1m?  used,  but  experience  shows  that  the  zinc-zinc  sulphate 
electrode  is  most  nearly  perfect.  Each  electrode  wiiere  it  comes  into  contact 
with  the  tisHUe  is  made  of  one  of  these  rombinntinns.  Various  devices  have 
been  used.  For  instance,  the  eleetrode  may  be  con^truotfMl  as  shown  in  tl»e 
diagram  (Viu;.  Al).  A  short  ^hts^  tube  of  a  bore  '>f  about  4  mnut.  is  well 
clejmed  — *3iie  end,  which  i.t  to  eome  inirj  contact  with  the  nerve^is  fiUetl,  aa 
shown,  by  a  plug  of  kaolin  made  into  a  stiff  putty  with  physiological  AaliiK* 
Rolution  of  NaCI  (0.7  per  cent.).  The  kaolin  should  tinve  a  neutral  reaction 
and  unless  good  kaolin  is  obtainable  it.  is  hotter  to  use  a  phit;  made  of  clean 
filler  pa|>«r  inacenited  in  pliysiulogieal  saline  and  packeii  tiglitli^'  into  the  end 
of  tlie  tube.  Above  this  plug  the  tube  is  filleil  in  for  a  part  of  Tts  len^fli  with 
a  saturated  solution  of  zinc  sulpliate  into  which  is  immersed  a  bar  of  amal- 
gamated zinc  with  a  e()pjK?r  wire  soldere^i  to  its  end.  \\'ith  a  pair  of  such 
electroile.**  the  conduction  of  the  current  through  the  nerve  or  muscle  to  the 
metallic  part  of  the  circuit  may  be  represented  aa  follows: 
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The  liquid  part  of  the  circuit  comas  into  contact  with  tbo  metallic  part 
at  the  junction  of  Zn  and  ZnSO,.  At  the  eatliode  it  may  be  supposed  tliat 
the  Zn  ration  instciui  of  aeting  upon  the  water  and  Iit>erating  hydrogea, 
deposits  itself  Ujxjn  the  zinc  electrode;  at  the  anode  the  sulphion  (SOJ 
attacks  the  zinc  instead  of  the  water,  formuig  ZnS<J^.  lu  this  way  jwlarizatiou 
is  prevented,  and  by  the  con.strurtion  of  the  eleetroile  the  living  tissue  ia 
brought  into  contact  only  with  the  plug  of  kaohn  moistened  with  pliysio- 
logical  .saline.  Such  electrodes  are  iridi^peii-^able  in  studying;  the  eleetriralphe- 
nomena  of  living  tis^sue^,  and  aUo  iu  all  investigations  liearing  uiKm  the  jvolar 
effects  during  the  paAsaije  of  an  electrical  current  from  n  balterv'.  Orditmrily, 
however,  when  it  is  only  tlesiretl  to  stimulate  a  ner\'e  or  muscle,  metal  (plat* 
luum)  electrodes  are  employed. 


The  Action  Current  or  Negative  Variation.— Du  Bois-Rcj'- 
mond  proved  that  when  the  excijsetl  nui.-itde  or  nerve  Ls  stimulated 
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iU  flemarration  run*ent  suffers  a  diminution  or  negative  vanation. 
If,  for  instance^  the  excised  nen'e  gives  a  demarcatioa  current  suf- 
ficient to  cause  a  deflection  in  the  galvnnompter  of  5()  mms.,  then 
if  the  nerve  Is  stimulated  by  a  series  of  induction  shocks  (he  galva- 
nometer will  show  a  lessened  deflection,  suy,  one  of  40  mms.  The 
negative  variation  in  this  case  is  equal  to  10  rams.,  on  the  scale  of 
the  Kal%'anometer  used.  It  ha5  been  shown  that  this  negative  varia- 
tion \a  due  to  a  current  in  the  opposite  direction  whose  strength,  in 
the  exrimple  ^iven.  relative  to  that  of  the  demarcation  current  is 
as  10  to  50.  Fixviuently  the  phenomenon  of  the  negative  varia- 
tion Is  known  also  as  the  action  current.  The  explanation  given 
for  ihiu  action  current  U  that  the  nerve  or  muscle  when  excitecl 
takes  on  an  electrii-al  ronrlition  which  iw  negative  as  regards  luiy 
unc-xrited  or  l^^ss  excited  portion  of  the  nerve.  Tlie  effect  ufwn  the 
demarcation  current  is  illustrated  in  the  accompanying  diagram. 

The  deniarcaiion  current  in  a  ner\'e  is  led  off  to  a  galvanometer 
by  ele*'trrK|es  plnceij  at  h  and  c.  When  the  novve  Ls  stimulated  at 
a  the  excitation  set  up  pjLSses  along  the  nerve,  and  wherever  it  may 
l»c  that  jiortion  of  Ihe  nerve  is  thrown  into  an  plp<tmnejrativp  rondi- 
lion.  When  this  condition  reaches  a  point  at  wl)ich  it  can  influence 
the  galvanometer — that  is,  when  it  reaches  6.  it  will  diminish  the 
difference  in  potential  that  exists  between  b  and  c,  and  therefore 
reiiuce  the  current 

Bowing  from  6  to  c,  _!_ 

Bernstein*  has 
shown  that  ihLs  neg- 
ative condi  tion 
moves  in  the  form  of 
a  T^'avc.  That  is,  at 
any  point  the  nega- 
tivity grows  to  a 
maximum  and  then 
diininislkcs.  More- 
over, it  travels  at  a 
definite  velocity 
which  is  easily 
Acconl- 

ito  his  ex|x>riments,  the  velocity  of  thw  wave  in  the  frog's 
motor  nerve  is  from  25  to  28  meters  per  second,  and  tlic  length 
id  the  wave  is  about  18  mms,  Hermann,  on  the  contrary*,  bc- 
UoveH  that,  in  the  exci.seil  nerve  at  least,  the  length  of  the  wave 
may  be  greater,  reaching  i>erhaps  140  mms. 

These  figure?  will  varj*  naturally  for  the  nerves  of  different  ani- 

inab  or  for  different  nerves  in  the  .same  animaK  for  it  must  always 

•Hom«lrin,  "  I'ntcrrttirluinKvn  i\\*er  den  l>rei;uugiivoi;gang  im  Nerven 
ui>l  Mii»«k<'lsystome/'  HeidHlM^ri*    |.s7I. 

7 


¥\lf.  42. — Sch«m«  to  indicala  the  method  ot  detcctUiK 
ttie  artirin  rurrent  in  n  •timulatmt  pxcimhI  nen'e:  b  Bud  c. 
the  leaditiK  off  eleclrrxirr',  one  on  ttte  lonidtudiaat.  one  ou 
the  cut  Kurfac«:  the  dctnarrulion  current  iiosses  throujch 
the  ffiilvuiHirtiDlcr.  o.  in  the  ilirecliun  of  the  nrnjws;  a,  ■tiraa- 
latiiiK  t'ltH^'lr^Klo  from  indUL-tion  ctid :  tlw>  ntintulufl  cau.«e»  h 
itegHit^'c  rtindtiioi), — -which  i>iisnD5  oionjE  iho  nerve;  when 
this  nncbee  b  it  eauaM  ■  partial  nvenaJ  of  the  damarea- 
lion  currcDif  givuic  the  necutiv*  variation  or  aottoa  cur- 
rent. 
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be  remembere<l  that  nerve  fibers^  whose  functions  in  general  are  so 
similar,  differ  much  in  obvious  microscopical  structure  and  probably 
more  widely  in  their  chemical  composition.  Using  an  analc^^  that 
is  familiar,  we  may  say  that  when  a  stimulus  acts  upon  a  living 
ner\*e  a  wave  of  electronegativity  spreads  from  the  stimulated 
spot  and  travel**  in  wave  form  with  a  definite  velocity,  just  as  water 
waves  radiate  from  the  spot  at  which  a  stone  is  thrown  into  a  quiet 
pool.  A  similar  phenomenon  occurs  in  muscle  fibers  when  stimu- 
lated, but  the  negative  condition  travels  over  the  muscle  fiber  at  a 
slower  speed,  3  to  4  meters  per  second  in  frog's  muscle,  and  with  a 
wave  length,  according  to  Bemsteinj  of  only  10  mms.  This  wave 
of  negativity  or  of  excitation  in  the  muscle  precedes  the  actual 
wave  of  contraction. 

This  phenomenon  of  a  negative  electrical  condition  traveling 
over  the  ner\'e  or  muscle  and  giving  us  an  active  current  when  led 
off  through  a  galvanometer  is  of  the  greatest  physiological  impor- 
tance, particularly  in  the  study  of  nerves.  It  lias  been  shown 
that  in  the  ner\'e  this  wave  of  negativity  marks  the  progress  of  the 
wave  of  excitation,  and,  since  we  can  study  its  progress  by  means 
of  the  galvanometer  or  capillary  electrometer,  we  can  thus  study  the 
excitabiUty  and  conductivity  in  nerves  when  removed  from  con- 
nection with  their  end-organs.  That  the  negative  wave,  or  the 
action  cum^nt  that  it  gives  ripe  to.  Is  an  invariable  sign  of  the 
passage  of  an  excitation  or  nor\'e  impulse  Ls  shown  by  the  facts 
that  it  is  absent  in  the  dead  nene,  antl  t  hat  in  the  living  ner\"c  it  is 
proiiuced  by  mechanical,*  chemical,!  a'i*J  reflext  stimulations,  as 
well  as  by  the  more  usual  method  of  electrical  stimulation. 

Henen  has  rlainw-tj  thut  imdor  certain  conditions  of  IcK-al  nareoaia  the 
iier\'e6bera  when  N-timulnted  nmy  eive  an  nrtion  rurrent,  but  nomuM-le  con- 
traction,— a  fact  whioK  if  t.nie  woiiid  seem  to  showtliat  the  excitation  wave 
or  nene  impulse  ajul  the  wave  of  n^ative  potential  are  not  associated 
invariaL>]y.  Tliis  result,  Iiowever,  lias  been  denied  by  other  competent 
olwer\'ers  (Weclenski,  Boruttau). 


Monophasic  and   Diphasic  Action  Currents. — According  to 

the  conception  of  the  action  current  pivon  aliove,  it  is  evident  that 
it  should  be  olitained  upon  sf  iniulation  when  a  living  nonnal  ner\'e 
is  com»ected  at  any  two  points  of  its  course  with  a  galvanometer  or 
capillary  electrometer.  The  detection  of  the  current  under  such 
conditions  offers  more  difficulties,  because  it  is  diphasic,  a-s  will 
be  s<Hm  from  the  accompanying  diagmm  (Fig.  43).  The  figure  ref>- 
rcsents  a  normal  ncr\'o  led  off  to  the  galvanometer  from  two  points, 
b  and  c,  of  its  longitudinal  surface.     As  these  points  in  the  uninjuretl 

♦  Steinach.  *•  Pfliiper's  Arrhiv."  55.  4S7,  1894. 

t  (Irutzner.  "  IMhiper's  Archiv,"  25,  255,  1S81. 

i  Borutlau,  "PHu^'er's  Archiv,"  84  and  90,  1901-1902, 
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nerve  have  the  same  potential,  ao  current  is  shown  by  the  galvanom- 
eter. If  the  nen-e  is  stiniulatefl  at  a  by  a  single  stimulus  a  neg- 
ative condition  or  cliiirge  passes  along  the  ncn^e.  When  it  reaches 
the  point  6  there  will  l>e  a  momentary'  current  through  the  gal- 
vnnometer  from  c  to  b:  as  the  charge  passes  on  to  r  this  point  in 
turn  will  become  negative  to  b,  and  there  will  he  a  momentar>'  cur- 
rent through  the  galvanometer  in  the  other  direction.  The  diphasic 
current  that  occurs  imder  these  conditions  cannot  be  detected  by 
a  galvanometer,  even  when  a  series  of  stimidi  is  sent  into  the  nerve 
at  Of  since  the  movable  system  in  this  instrument  has  too  much 
inertia  to  respond  to  such  quick  changes  in  opp*>site  directions. 
With  the  more  mobile  capillars*  electrometer  the  diphasic  currents 
have  been  demonstrated  successfully.  In  laboraton*  investiga- 
tions one  of  the  leading  off  electrodes,  c,  is  usually  placed  on  the 
cut  end  of  the  ner\'e.  L'nder  this  condititm  the  action  current  be- 
comes monopha:sic  and  shows  itself  as  a  negative  variation  of  the 
demarcation  current.  This  difference  is  due  to  the  fact  that  a  nega- 
tive condition  upon  excitation  depend:)  upon  a  living  condition 
of  the  nerve,  and  it  can  not,  therefore,  affect  the  nerve  at  the 
electrode  c  if  this  latter  Ls  placed  upon  the  cut  enti  where  the  nerve 
Is  dcAd  or  dying.  It  will  affect  only  the  electnxle  b^  and  give  only 
the  monophasic  current,  which  can  now  be  sliown  by  the  galvanom- 
eter provided  a  series  of  stimuli  is  thrc»wn  in  at  a. 


Ftf.  43. — Scbemii  to  show  the  amuiicrTnent  for  obtAinins  a  diphawo  motion  ourrent. 
!%■  arrmncviDent  diffen  from  that  In  Fix.  42  nnly  in  that  both leadinx  off  vlectroilM,  b  and 
c,  an*  placed  oti  th«  loD^ituilinal  Mjrfac«.  No  demnrcatioii  rurrcDt  is  imliratv^i.  When 
tnn  tMrro  in  9tiniulat«d  at  a  tlie  nei^tiv«i  rharf?^  nsa^heM  ^  find,  eauaing  a  current  through 
ta»  siJvBBoniet«r  from  e  to  6.  Bubaeauently  it  reacben  c  and  cauaea  a  moood  cuncDt 
to  tha  oppoate  dirwrtion  from  b  in  e. 


N 


The  Portdfv  Varintioti. — It  liappen«  not  irifr<Hjiieiitly  that  when  one 
«l*ttn>*l9  i*  pUkcetl  u[KHi  the  cut  end,  tlie  nerve  u|>on  Ftitnulutiun  with  u  series 
oC  intiuction  -diock^  gives  a  positive  instead  of  a  ne^aXive  variation  of  the 
dmiArrution  rtirront.  This  residt  is  uj*iially  explained  a.s  beinc:  due  lo  a  pre- 
doinintmre  of  the  iinelectrotonic  current.^  (see  below),  but  Wedpni*ki  haf*  cou- 
MndfsJ  ref>ently  that  it  is  thie  lo  a  r>e(ulittr  condition  of  excitation  in  the  nerve 
at  the  t'Ut  emi,  a  conflttion  to  which  he  give^  the  name  of  paratjioHb^.  When 
thia  plieiiunicnon  occurs  it  cau  UBually  be  removed  by  making  a  fret-Ji  section 
jA  tlic  end  of  the  nene. 

Detection  of  the  Action  Currents  by  the  Rheoscopic  Frog 
Preparation  or  by  the  Telephone. — The  motor  ncn-e  of  a  ner\'e- 
niUfU'lc  preparation  from  a  frog  is  so  extremely  irritable  to  electrical 
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currents  that  it  may  he  used  instead  of  a  galvanometer  to  delect 
the  artinn  rnnvnts  in  a  stimulat'ed  miiRcle.  A  ner\'e-musclc  pre|>- 
aratinn  used  fnr  this  purpos**  is  known  as  a  rheoaeopir  preparation. 
The  way  in  which  it  is  used  is  indicated  in  the  accnmpanyinp 
diaj^ram.  h  represents  the  rheoscopic  preparation,  its  nerve  l)ein^ 
laid  upon  the  muscle  whose  currents  arc  being  investigated,  a,  so  as 
to  touch  tlie  cut  end  {x)  anti  the  longitudinal  surface  (gf).  When  n  ie 
stimulated,  either  directly  or  through  its  ner\'e,  as  represented  iu  the 
diagmm,  the  negative  charges  that  pass  along  the  muscle  tibers  of 
a  with  each  stinmlus  cause  action  currents  that  \\ill  be  led  off, 
through  the  ner\*c  of  h  from  x  to  g.  If  the  ner\c  is  in  a  sensitive  con- 
dition it  will  be  stimulated  by  the  action  currents  and  thus  a  series  of 
excitations  will  l^  sent  into  b  corresponding  exactly  in  rate  \nth 
the  artificial  stimuli  given  to  the  nerve  of  a.  The  rlie<>scopic 
preparation  may  Ije  used  very  beautifully  to  demonstrate  the 
action  current  in  the  contracting  heart  muscle.  If  the  nerx'e  of) 
b  is  laid  upon  the  exposed  lx»ating  heart  of  an  animal,  the  muscle 
of  b  will  give  a  single  twitch  for  each  beat  of  the  ventricle.  An- 
other interesting  mctluxl  of  detecting  the  action  currents,  particu- 
larl}'  iu  nerves,  is  by  means  of  the  telephone.  Wedenski  has  nmde 
especial  use  of  this  method,  the  telephone  being  connected  with 


jF'ijE.  M. — SctMinn  ti»  nhow  the  nrmneenient  of  a  rhouaeopto  niU!wl«-n«rv<t  preparation; 
•»  Tbe rheoscopic  muscle-nerve  prpjittration,  the  nerve  beinKiLtTanKO<l  loioucb  the  cut  mar* 
una  arjil  tlir  IdiiKitiulinnl  surface  uf  the  rnu^cle.  ri,  whuw  nvtion  curmilt  aw  to  Iw  iletccted. 
When  the  nerve  of  >j  is  titimuliitetl  each  cantrucUun  nf  thia  muiicle  in  (uUowciJ  by  &  cootracy- 
tion  of  6,  since  each  contraction  of  a  is  Aeooropaiiied  by  ao  action  curreot  which 
ihrougU  th«  nervv  of  b  and  siiinulatca  it. 


the  nerve  in  place  of  the  galvanometer.    The  method  has  ob\'ioua 

advantages  in  tlie  fact  that  it  may  be  tised  with  a  nen^e  to  which 
the  muscle  is  also  attachtxi,  so  that  the  excitation  processes  in 
the  nerve  and  their  effect  upon  the  muscle  may  be  studied  simul- 
taneously, Tn  matters  of  rate  the  telephone  method,  appealing 
to  the  ear,  as  it  does,  is  more  delicate  than  the  galvanometer  nr 
eletitrometer. 

Relation  of  the  Action  Current  to  the  Contraction  Wave 
in  Muscle  and  to  the  Excitation  Wave  (Nerve  Impulse)  in 
Nerve. — The  action  current,  or,  to  be  more  accurate,  the  moving 
negative  cimrge   which  gives  rise  to  an  action  current  when  two 


I 
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points  of  the  muscle  are  led  off  to  a  galvanometer,  has  1>een  shown 
by  Bernstein  to  precede  the  wave  of  contrattion  in  muscle,  that 
ts»  in  u  stimutatei;!  muscle  fil^jer  the  electntal  change  at  any  point 
precedes  the  mechanical  process  of  shuiteniny:  The  electrical  change 
piftAaes  over  the  fiber  from  the  iKjint  stimulated  in  the  form  ftf  a 
wave  of  definite  velocity,  but  at  any  one  point  the  electrical  change 
reaches  its  maximimi  before  the  process  of  contraction  is  visible. 
Wc  may  suppose,  therefore,  that  the  electrical  change  is  an  indication 
of  the  excitation  or  possibly  constitutes  the  excitation  that  seta 
up  the  chemical  change  of  contraction,  or  else  that  the  change  id 
electrical  potential  is  cauBe<l  by  the  chemical  change  of  contraction 
■pd  JVBP^dcs  the  mechanical  result  of  shortening,  since  the  latter 
■WlU  have  a  certain  latent  period.  It  has  been  shouTi, 
indee*!,  by  Demoor  that  a  completely  fatigued  muscle  may  still 
conduct  an  excitation  (muscle  impulse),  although  unable  to  con- 
tract, and  the  same  fact  has  been  demonstrated  by  Kngelmarm 

the  heart  muscle.     In    the  nen'e   the  action  current,   or  the 

,tive  change  causing  it.  has  l)een  considered  as  simultaneous 
with  or  possibly  i<lentical  with  the  nerve  impulse.  The  velocity 
of  the  two  is  identical;  the  action  current  h  given  whenever  the 
nerve  is  stimulated,  and,  so  far  as  experiments  have  gone,  the 
nerve  cannot  enter  into  activity  without  showing  an  action 
rurtrnt, — that  is,  without  showing  a  moving  electrical  charge. 
Whether  this  electrical  charge  constitutes  the  nerve  impulse  or 
is  simply  an  accompanying  i)henomenon  will  l>e  tliscussed  briefly 
in  the  paragraph  upon  the  nature  of  the  nene  impulse  in  the 
following  cha[»ler. 

The   Electrotonic   Currents. — In   speaking  of   the  effect   of 
pacing  a  galvanic  current  through  a  nerve  attention  was  called 
to  the  fact  that  the 
condition    of    the 

vp   is  altere*!  at 

•h  pole.  At  the 
anode  there  is  a  con- 
dition of  decreased 
irritability  and  con- 
ductivity kmiwn  as 
anekH*trotonus  :  a  t 
the  cathofle,  in  the 
beginning,  at  least, 
a  condition  of  in- 
creaaed  irritability 
known  as  catelec- 
trotonus.      In  addi- 

lion  to  these  chanpes  in  the  physiological  properl ies  of  the  nerve 
there  is  a  change  also  in  its  electrical  condition  at  each  pole,  of 


Fie.  4A.— Soherna  tn  •harm  the  directioo  of  the  eleo- 
trotonie  auT«nt«  in  ftn  exeue*!  nerve:  P,  The  bAtMry  for 
the  poluuins  current  BBtit  intn  the  nerve  at  +,  the  on* 
wle,  and  •mcnaiiK  ■!  —.  the  roth-xle;  a',  (taIv»noin«ter 
ftmtnxecl  wiUt  TeotlitiK  on  eleciMHlea  xo  dct«ct  the  anelec- 
trotnnir  current,  the  (UrrrtKin  of  which  U  Uldicaie<l  by 
the  ofTOWd  (in  the  nerve  it  u  the  same  m  thai  of  ihe  pr>- 
lariiinK  current);  o.  ipdviuionieter  cunil&rly  urmnKwl  to  Je- 
t«>c(  ilw  cHifloctnjtxdic  ruiToiit.  The  anclectrolonic  luid 
calclectrotoiiic  currectt<i  continue  u  loDS  aa  the  poUriitiic 
current  is  maintainod. 
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such  tx  character  that  if  tlie  nerve  is  let!  off  from  two  points  on 
the  ano(.ie  side  a  current  will  he  imliciited.  The  current  can  be 
obtained  at  a  oonaicierablc  distance  from  the  anode,  and  is  known 
as  the  anelectrotonic  current,  while  the  electrical  condition  in  the 
nerve  that  makerf  it  jxvssible  is  desitj^Tiateci  as  anelectrotonus.  A 
similar  cun'ent  can  Ix^  led  off  from  the  nerve  on  the  cathode  side 
for  a  corusiderahle  distance  lievDnd  the  cathode;  this  is  known  as 
the  catelectrotonic  current,  ami  the  electrical  condition  leading 
to  ilH  production  jls  catelectrotonua.  Within  the  nerve  these 
electrotonic  c\irre!it.s  have  the  same  direction  as  the  batter)'  or 
polarizing  current,  as  is  shown  in  the  diagram  (Fig.  45).  The 
terms  anelectrotnnus  and  catelectrotonna  are  used,  therefore, 
in  physiol()K.v  to  designate  both  the  phy.^iological  and  the  elec- 
trical chanj^es  around  the  poles  when  a  batter>'  cun'ent  Ls  led 
into  a  nerve.  Whether  the  physiological  and  the  electrical  changes 
have  a  causal  connection  or  are  two  independent  phenomena  is 
at  present  undecided. 

Belhe*  ha-s  rereiilly  nhown  that  duruig  the  passage  of  the  i>olarizinK  cur- 
rent thn  neurofibrils  in  the  axi.s  cyluider  lo.'^  ut  the  aiiiiile  tlieir  puwer  uf  Mtoiii* 
in^  with  r-ertditi  \y.isW  rlyes  (r.  f/  methylene  lilue),  wliih'  at  the  cathode  the 
affinity  for  these  «lye.s  Is  increiwetl.  He  as.'mnieH,  that  in  the  neurofibriU  there 
is  an  avid  sulwtaui'e — hbril  acid — and  that  at  the  anode  tlie  cumhiuutiou 
with  tills  body  and  the  neurofibriLs  1;^  loosened;  hence  the  lo**  of  i^taining 
power.    At  the  cathode  the  reverse  cliange  takes  place.     He  assumes  further- 


—a 


Fig.  46. — To  show  ihe  ftctinn  (if  Ihe  cnrt^mmlel:  p.  The  pnl^inxine  riirrpnt ;  a*  and 
Q,  th«  Kalvariometeni  with  leading  off  electrodcui  to  detect  the  uielectrotoaic  and  o*tttl«o> 
krotonic  currents,  rssiiectively. 


more,  that  when  tlie  affinity  between  nctirofibril  and  fiViril  arid  is  increased 
Bt  the  fathode  an  eleetronemalive  ion  i.^  lil>erate<l  (anion),  while  at  the 
aiimie  at  the  time  that  the  combination  between  fibril  and  fibril  acid  is  dis- 
.'WK'ialed  an  electro|xwitive  ioti  (cation)  in  Hbcrtiteil.  In  tlii.s  way  he  constructs 
an  hYtHithcsis  of  u  complex  <»f  neiirofiliril,  libril  acid,  and  electrolyte  which 
is  callable  nf  ncconntiiig  for  the  elertrntoniw,  Ixith  a.s  roRard«  the  elert^ricaj  and 
tlie  phyHJnlopcal  phenomena,  and  which  refers  both  phenomena  to  a  sin^e 
reaction  hi  the  nerve. 

Ajiother  o\[jI:inntion  of  the  eleclrotonic  current.'*  which  has  be«n  much 
dlsi-as-HCtl  is  lluit  fir.*<t  developo*!  by  Hermann. t  This  author  con.strucieil 
a  mmlel  i.<ni.-*i.T(niK  nf  a  conductor  .«urronnde<l  by  a  less  comiuctive  liquid 
sheatli,  and  -showei:!  that  such  a  model  is  capable  of  giviiie  the  eie<'trotonic 
rurrentj^.     This  model  may  be  made  a.*^  represent^nl  in  the  acconifianying 

*  Bethe,  "  .^U^emeine  .\natnmie  u.  PliyHioI.  des  Ner\'en8ystemfi,"  lieipxiR, 
1903. 

tHermann,  "Handbuch  der  Physiologie,"  vol.  ii,    p.  174. 
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dU^nuu,  of  a  glass  tube  ^-S.  tlimuKti  the  middle  of  which  ih  BtrctchfHl  & 
pUtinuni  wire,  P,  the  rest  of  the  tul)e  Ijcinp  filled  with  a  sj\turftte<i  sohition 
of  line  sulphate.  Tlie  (jla.-w  tube  is  provided  with  vertical  hraiirhes  by  means 
of  which  a  polarising  current,  p,  can  l)e  sent  into  the  ^lution  of  nine  sulplmte 
»nd  the  ele<tri:)ti>nir  turreiiLs  l)e  le<i  nfT  to  palvatiometers,  rj*.  fj,  tm 
each  ?*ide.  rndcr  these  coiuiitions  a  curpptil  .similnr  to  (he  unelectrotonic 
current  cmi  Iw  detected  on  the  side  of  tiie  uiuMJe  ((?')  mid  one  ecjuivulent  to 
the  i'ii(ole»trotouio  current  on  the  sifip  of  (he  tntlmMie  (r/).  The  evplunution 
given  to  these  currents  in  that  a^  the  threatl»  of  current  pa^sH  into  the  platinum 
cure  there  in  a  polarization  at  the  surface  Ijetweea  the  core  and  the  zinc  sul- 
phate solution  which  extends  to  a  considerahle  distance  on  each  si<ic  of  the 
electrodes  aud  causes  diffusion  currents  from  sheath  to  core.  It  Is  these 
UiTMda  of  current  tliat  inuy  1^  led  off  as  electrotonic  currents.  Hermann 
suggested  that  in  the  nerve'  we  have  a  .structure  essentially  similar  to  that 
of  toe  core  model.  He  thoueld  tliut  the  a\ib  cylinder  niiffht  \x  ron.'^idcreii 
Aff  rfpresentin^  the  core  and  the  myelin  the  les*  condu  five  Hheath  as  corres- 
ponifin^  to  tliczincsidphatcHohition.  Othcn*  (Honittaii)  have  Hug|!;("^tcd  that 
tl>c  iKMirofibhU  in  the  avis  cylinder  may  rc|.treapnt  the  core  or  cores  and  tin*  sur- 
roumlinK  neuroplasm  tlic  Bhcalli.  thus  prtjviding  for  the  pos«iV)ility  nf  electro- 
Umic  current*  in  non-modullated  filx-n*.  As  u  matter  of  fact,  the  iion-niodul- 
leted  fibenn  in  mamrnaht  give  very  slight  electrotonic  currents  compared  wHh 
the  merlullatoil  fillers* 

ArrordinK  to  the  " core-moilel"  explanation,  the  electrotonic  currents 
represent  a  purely  physical  phenomenon,  which  i.s  de|ien«leiit,  however,  ufxin 
A  certain  structure  of  the  ner\-e.  That  i«,  a  completely  deaii  ner\'e  will  not 
ahow  iheae  ourrentA,  althouKli  an  anesthetized  ner\'e,  in  the  mammal  (Waller) 
at  least,  rontuiuea  to  show  thi?m,  ami,  acconlinn  to  Sosnowsky,  excbted  rab- 
bit** ner\*cfl  kept  in  a  moist  atmosphere  may  .show  them  for  .-several  days. 
WTiile  the  core-iiio<iel  hypothesis  has  le<l  to  much  invest if^at ion  ui  phj'wiology 
and  hhA  been  matle  the  basis  for  a  purely  |>hyKicaI  explanation  of  t^e  ner\'e 
impiihte,  it  U  ntill  very  uncertain  whether  it  fnminhcA  any  positive  infomia* 
tioii  c«»nci'rnin(E  the  procosm's  iliui  ucttially  take  place  in  the  linnK  nerve  when 
cubmitteil  to  the  action  of  electrical  currents  or  other  artificial  stimuli, 
*  Alcock.  ■  ProceodingH  Royal  Society,"  1904.  73,  p.  166. 


CHAPTER  V. 


THE  NATURE  OF  THE  NERVE  EHPULSE  AND  THE 

NUTRITIVE  RELATIONS  OF  NERVE  FIBER 

AND  NERVE  CELL. 

The  question  of  the  nature  oi  tlie  nen^e  impulse  has  always 
aroused  the  deepest  interest  among  pliysiologititii.  It  has  consti' 
tuted,  indeed,  a  central  question  around  which  have  revolved  vari- 
ous hyjxjtheses  coneeraing  the  natnrc  of  living  matter.  The  impor- 
tance of  the  nen*es  as  eonductors  of  motion  and  sensation  v,'ns 
apparent  to  the  old  physiologists,  and  the  nature  of  the  conduction 
or  the  thing  conducted  wa.s  the  suljject  of  mjiny  hypotheses  and 
many  different  names.  For  many  >'ears  the  pre\alent  view  was 
that  the  nen'es  are  essentially  tubes  through  which  flows  an  ex- 
ceefiingly  fine  matter,  of  the  nature  of  air  or  gas,  kno^xTi  as  tho 
animal  sjnrits.  Others  conceived  tliis  fluid  to  l>e  of  a  gn^ssor  struc- 
ture like  water  and  describeci  it  as  the  nen'e  juice.  With  Galvani's 
discovery  of  electricity  the  nerve  principle,  as  it  was  called,  became 
identified  with  electricity,  and,  indeed,  this  view,  as  will  be  ex- 
l>lained,  prevails  in  modified  form  to-day.  Du  BoLs-Reyraond, 
after  discovering  the  tleniarcation  current  and  action  current  ia 
muscle  and  nerve,  formulated  an  hyjwthesis  according  to  which  the 
nerve  fibers  contain  a  series  of  electromotive  particles,  and  by 
this  hypothesis  and  the  facts  upon  which  it  was  ba.*^ed  he  thought 
that  he  had  established  that  *'himdrod-ye^r-old  dream''  of  phys- 
icists and  physiologists  of  the  identity  of  the  ner\'e  principle 
and  electricity.  His  theory  to-day  has  fallen  into  disrepute,  but 
the  facts  upon  which  it  was  based  remain,  as  before,  of  the  deepest 
importance.  In  the  middle  of  the  nineteenth  centur>'  those  who 
were  not  convinced  uf  the  identity  of  the  nerve  principle  with 
electricity  believed,  neverthelos^Sj  that  the  process  of  conduction  ^J 
in  the  nerve  is  a  phenomenon  of  an  order  comparable  to  the  trans-  ^| 
mission  of  light  or  electricity,  with  a  velocity  so  great  as  to  defy  ^^ 
measurement.  But  in  ttiis  same  period  a  simple  but  complete 
experiment  by  Hehnlioltsi  demonstrated  that  its  velocity  is,  as 
compared  with  light  or  with  electrical  conduction  through  the  air 
or  through  uietals.  exceetlingly  slow. — 27  meters  per  se<*ond. 
Modern  views  have  taken  divergent  directions:  the  movement 
or  excit-ation  that  is  conducted  along  tlie  fiber  has  been  named 
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the  nerve  principle,  the  nerve  encrgj--,  the  nerve  force,  the  nerve 
impuUje.  As  the  latter  tenn  is  less  specific  regaixiing  the  nature 
of  the  movement,  and  emphasizeti  the  fact  of  the  conduct  inn  of  tin 
isolato<i  disturbance  or  pulse,  it  seems  preferable  to  employ  it 
\mtil  a  more  satisfactory  solution  of  its  nature  lias  been  wached. 
The  Velocity  of  the  Nerve  Impulse. — The  determination  of 
the  velocity  of  the  ner\'e  impulse  was  first  made  by  HelrahoUz* 
upon  the  motor  ner\'es  of  frogs.  His  experiment  consisted  in 
itknulatiug  tlie  sciatic  nerve,  first,  near  its  ending  in  the  muscle 


¥^g.  47.  —  ne<*orr|  to  show  the  m«thM  nf  «!<ilmiitti)e  the  veloeily  of  thp  ner\-p  tmpulw 
t  ft  motur  nerve.  lh«  rviivnrrjcni  wa*  tnado  upon  a  ncr\"e-mu-'<rle  prer"*^*''""  tmtn  tho 
Imf.  the  rontraction*'  iiniii:  rPTurdfil  upon  (lie  ritpiillv  moving  plute  uf  u  pemlulum  myo- 
impb.  Two  coMirncfit>n-  were  ohuimcl.  Ih«  tii^t  (d)  when  the  ncn-e  wns  itiimolftted 
Mu  lb*  mutfcle  i\tt  ^><*MnH  <6)  when  the  nerve  wantdimulated  a*  far  a«  poevibi*  from  tb» 
aiucWi.  Tlw  Ul«>iit  |N<ri<n|  n(  ihn  •«'i-nii>i  n>n1  ract loll  wa-*  Uinpjer.  tt»  i^iiwm  by  the  dutftnca 
faalwaen  the  curves  nira^iirrsl  fin  the  htie  c.  Th«  vnliMi  nf  thu  ilLstance  in  tbne  i*  obtained 
by  nfermee  to  tbe  irroril  of  a  rtiniriK  fork  %ihrmtinic  100  lintr^  per  M^cf>nd,  which  is  civoQ 
on  iIm  Inwvr  line.  In  the  extwrimeot  the  l«>nirth  of  u  (uiiinic  fork  wave  (0  01  »c.)  wb»  3t 
«BIM-.  thm  dMCmnc«  tielwe«n  the  two  iiiU'>rulnr  mntrurtionn  w&b  3..'tA  mmn..  and  the  di»- 
lanra  bttwaaa  the  points  ■UniuluteU  ut»on  the  tM.T\-e  waA  40  mina.  Hence  th«  veluciiyoftho 
awT«  laipulav  in  thi^  expcHtnc-ntwa*  49  divided  by  (.^^q  X  |-^g)  or.loTIOmmB.  (30.71  ft  m- 1 


And,  second,  near  its  origin  from  the  cord,  and  measuring  the  time 
that  elapse<l  in  eaeh  ca«e  lietween  tlie  moment  of  stimulation  and 
the  moment  of  the  muscular  respoase.  It  was  found  that  when 
the  nerve  was  stimulated  at  itj<  far  end  this  time  interval  wad 
longer,  and  t*inee  all  other  conditions  rerTiaintHl  the  same  this  dif- 
ference in  time  coidd  only  be  due  to  the  interval  required  for  the 
nerve  impulse  to  travel  the  longer  stretch  of  nerve.     In  the  accom- 

•  HelnihollB,  "Miaier*s  Archiv  f.  Anat.  u.  Physiol./'  18.52.  p.  199. 
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panying  fitrupe  the  iiprord  of  a  lalx^raTon'  experiment  of  this  kind 
is  reproduced-  Knowing;  the  difference  in  time  and  also  the  length 
of  nerve  l>etween  the  point-3  stimulated,  the  data  are  at  hand  to 
calculate  the  velocity  of  the  impulse.  The  velocity  varies  with  the 
t€inj)erature.  According  to  HelmholtZf  this  variation  lies  Ixstween 
24.6  and  38.4  m.  i>pr  second  for  a  range  of  temperature  between  11" 
and  21°  C.  For  average  room  temperatures  we  may  say  that  in 
the  motor  nerves  of  the  frog  the  impulse  travels  with  a  velocity 
of  28  to  30  meters  per  second.  Similar  experiments  uj3on  man  and 
other  mammals  indicate  that  the  velocity  in  the  medullated  motor 
nerves  does  not  var>'  greatly  in  different  animals.  Helmholtz'a 
average  figure  for  man  w*as  34  meters  per  second. 

It  is  interesting  to  reoftll  that  only  .six  years  before  Helmholtz's  first  pub- 
lication .Fohaniies  Miillcr  h;ul  stated  that  we  sliould  never  find  a  mean3  of 
deternTiiiiii^  tlio  velocity  of  the  nerve  impulse,  since  it  would  be  impossible 
to  compare  points  at  great  flistance?*  apart,  a.s  in  ihe  ca.**  of  the  movenient 
of  light.  **  The  time,"  said  he,  ''  rcquireti  for  the  transmission  of  a  sensation 
from  the  ]>ori|>fiery  to  the  brain  and  the  return  reflex  movements  of  the  niu.v 
cles  irt  infinitely  small  ami  nnnipjtsurable."  Tlie  lufwle  of  reiLsoning  by  which 
HelmhoitK  was  led  to  doubt  the  validity  of  thU  assertion  is  interet;ting.  lie 
says  ("Miiller's  Arcliiv,"  1852,330):  "As  long  as  phy>iologists  thought  it 
necessary  to  r^'fer  nerve  actions  to  tlio  movement  of  an  imi>onHcrabIo  or 
psychical  principle,  it  mu^t  have  appeareii  incrediljle  that  tlie  velocity  of  this 
Diovement  couliJ  \ye  incaf^urcd  within  the  short  distiinces  of  the  animal  l»ody. 
At  present  we  know  from  the  researches  of  dn  I^oLs-Reyninnd  upon  the  electro- 
motive pro|jertie8  of  nerves  that  tho?^}  activities  by  niean^  of  whicli  the  con- 
duction of  an  excitation  Ls  accomplished  are  in  reality  actually  conditioned 
by,  or  at  loa.st  closely  connected  with  an  altered  arrangement  of  their  material 
particloH.  Therefore  conduction  in  iier%'es  uuist  belong  to  the  series  of  self- 
propagating  reactions  of  fwaiierable  bo<iies,  such,  for  example,  as  the  con- 
duction of  !4ound  in  the  air  or  ehistic  structures,  or  tlie  combustions  in  a  tube 
tille<l  with  an  explosive  mixture."  One  of  the  fir?-t  fniit?i,  therefore,  of  the 
scientific  investigation  of  tlie  electrical  properties  of  the  nerve  fiber  was  the 
discovery  of  the  important  fact  of  the  velocity  of  the  nen'e  impulae. 
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Numerous  efforts  have  been  made  to  determine  the  velocity 
of  the  nerve  impulse  in  nicdidlatod  sensory-  fibers.  The  results 
have  not  been  entirely  satLsfaetor}\  The  cndnjrgan  in  this  case  is 
the  cortex  of  the  eerelmmi,  and  its  reaction  consists  in  arousing  a 
sensation,  or  a  rcfltw  action.  Neither  end-reaction  can  l>e  mea-s- 
ured  directly.  Attempts  have  been  made  to  determine  it  indi- 
rectly by  noting  the  time  of  a  voluntary-  nmscle  response  for  sensor>' 
stimuli  applied  to  the  skin  at  different  distances  from  the  spinal 
axis.  In  such  cases  the  sensor^'  impulse  travels  to  the  cord,  thence 
to  the  bruin,  and  the  return  motor  impulse  travels  from  brain  to 
cord  and  then  by  the  motor  nerves  to  the  muscle  used  for  the  re- 
sponse. The  results  of  this  method  have  been  discordant,  owing 
pro]jal>ly  to  the  fact  that  the  central  patlis  from  two  dififerent  points 
on  the  skin  are  not  identical.  It  is  usually  assumed — without, 
however,  ver>'  convincing  proof — that  the  velocity  of  the  impulse 
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in  the  medullated  afiferent  nen^e  fibere  is  the  same  a.s  in  the  efferent 
fibers.  A  large  number  of  oljsen'aiions  are  on  reconl  which  sliow 
that  the  velocity  varies  greatly  in  the  iion-inedulluted  nerves  of 
different  animals,  lii  tlie  maminal,  tirconiing  to  Chauveau,  the 
velocity  for  the  non-medullatcd  fibers  is  only  H  meters  per  second; 
ia  the  lobster  it  is  6  meters  per  second;  in  the  octopus,  2  meters; 
in  the  olfactor>'  (sensorjO  nerve  of  the  pike  ^  meter,  and  in  the 
anodon  oiJy  -j-J-j-  meter  i>er  second. 

Relation  of  the  Nerve  Impulse  to  the  Wave  of  Negativity. — 
A  fact  of  gri'^t  significance  Is  that  the  veltwrity  of  the  impulse  in  the 
motor  ner\'eH  of  the  frog  correspomLs  exactly  to  the  velocity  of  the 
wave  of  negativity  as  mca.siircd  by  l^mstein.  Evidently  the  two 
phenomena  are  coincident  in  their  progress  along  the  fiber,  and 
physiologist."?  generally  have  accepted  the  existence  of  an  action  cur- 
rent as  a  proof  of  the  pa-ssage  of  a  ner\e  impulse.  'J'his  belief  is 
fltrengthened  by  the  fact  that,  as  stated  above,  the  negative  wave  ac- 
com{HLuies  the  nen'e  impulse  not  only  when  the  nen'c  Is  .stiumlated 
by  electrical  currents,  Init  also  after  mechanical,  chemical,  or  reflex 
cctimulation.  The  question  has  been  raised  as  to  whether  this  elec- 
trical phenomenon  nccom|)anies  the  normal  ner\*e  impulse, — that  Is, 
the  ner\'e  impuL*c  that  originates  in  the  ner\'e  centers,  in  the  case 
of  motor  ner\'es,  or  in  the  jxTiitheral  sense  organs  in  the  case  of  sen- 
«on'  ner\'es.  In  rcganl  to  the  latter  relation  we  have  p<:>sitive  evi- 
■dence  that  when  light  falls  ui>on  the  living  retina  an  electrical  distur- 
bance is  produced  by  the  visible  rays  of  the  spectrum,*  and  there 
is  every  reason  to  l>clieve  tliat  the  [>assage  of  visual  impulses  along 
the  optic  nen'e  is  accompanied  by  an  electrical  change.  With 
ngard  to  normal  motor  hnpulses,  the  evidence  Is  also  jxjsitive  that 
XDotor  discharges  from  the  central  nervous  s>''8tem  are  accompanied 
by  u  wave  of  electrical  potential.  This  fact  ma>*  be  shown  by 
-stimulaiing  the  motor  areas  in  the  cerebral  cortex  and  testing  the 
efferent  nerves,  such  as  the  sciatic,  for  an  action  current:  or  by 
stimulating  a  posterior  root  on  one  side  in  the  lumbar  region  and 
testing  the  sciatic  nerve  on  the  other  side  with  a  galvanometer. t 
Moreover,  all  influences  that  alter  the  velocity  or  strength  of  the 
nerve  impulse  affect  the  intensity  of  the  action  current  in  the  same 
meaner.  It  is  believed  generally,  therefore,  thai  the  electrical 
charge  Is  an  invariable  accompaniment  of  the  excitator\'  wave» 
and  the  demonstration  of  an  action  current  in  a  nerve  Is  tantamount 
a  proof  of  the  pivssiice  of  u  nerve  impulse. 

Direction  of  Conduction  in  the  Nerve, — The  fact  that  under 
normal  conditions  the  motor  fabers  conduct  impulses  only  m  one 

•Consult  C'.otcli,  ".(ounrnl  nf  PhvmoIaK>'."  31.  1,  1904. 
tCotch  ami  HorsW.  "Phil.  Trun*..   Hovul  Soc,"  London,    1891,  voL 
1^  (B),  and  Bonittau,  ''  Ptliigor's  Arcbiv,"  1901. 
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diiiection — (",f,.  toward  the  peripben- — and  the  sen^oTy  fibers  m 
the  oppwite  direction — that  is,  toward  the  nen-e  center — suggests, 
of  course,  the  question  as  to  whether  the  direction  of  conduction  is 
eoDditiooed  by  a  fundamental  difference  in  structure  in  the  two 
Idnds  of  fibers.  No  i^uch  difTerence  in  structure  has  been  revealed 
by  the  microscope,  although  in  two  respects  at  least  it  will  be  re- 
membered that  the  senson-  ner\e  fibers  react  differetjtly  from  tlie 
motor  fiber? — namely,  in  the  fact  that  they  are  readily  stimulated 
by  high  temperatures  and  that  during  the  passage  of  a  galvanic 
current  of  cooistant  ttrcngth  they  are  stimulated  continuously  in- 
stead of  only  at  the  opening  or  closing  of  the  current.  These  latter 
differences,  however,  may  rest  simply  upon  a  difference  in  irrita- 
bility and  have  no  bearing  upon  the  question  in  hand.  It  is  the 
accepted  belief  in  physiolog>*  that  any  ner\"e  fiber  may  conduct  an 
impubse  in  both  directions,  and  does  i^  conduct  its  impulses  when  the 
fiber  is  {stimulated  in  the  middle  of  its  course.  An  entirely  satisfactory 
proof  for  this  belief  is  difficult  to  fumLih  unless  the  conclusion  in 

t  he  preceding  para- 
graph is  admitted, 
— theconclusion, 
namely,  that  the 
eleciriral  change  is 
a  nect*ssar>-  and  in- 
variable accompani- 
ment of  the  ncr\'c 
impulse.  It  is  not 
tlifficult  to  show  by 
means  of  a  galva- 
nometer that  when  a  nerve  trunk  in  stimulated  the  negative 
charge  spreads  in  both  directions  from  the  point  stimulated  and 
gives  an  active  current  on  either  side,  as  indicated  in  the  accom- 
panying diagram.  This  fact  holds  true  for  motor  or  for  sensory 
fibers.  The  older  physiologists  attempted  to  settle  this  question 
in  a  more  direct  way,  but  by  methods  which  later  experiments 
have  proved  to  be  insufficient.  They  attempted,  for  instance,  to 
unite  a  motor  and  sensor>*  trunk  directly,  to  cut  tlie  hvpoglossal 
(motor)  and  the  lingual  (sensor)-)  and  suture,  say,  the  central  stump 
of  the  lingual  to  the  peripheral  stump  of  the  hypxiglossal.  If  stimu- 
lation of  this  latter  trunk,  after  union  had  been  established,  gave 
signs  of  sensation  it  was  consitlered  as  proof  tliat  the  efferent  hypo- 
glossal fibers  were  now  conducting  afferent ly.  We  now  know  that  in 
such' a  case  the  old  hypoglossal  filxrs  degenerate  completely,  and 
the  new  ones  that  are  eventually  formed  in  their  place  are  out- 
growths from  the  lingual  stump,  or  at  least  are  not  the  old  efferent 
fibers,  and  hence  experiments  of  this  kind  are  not  so  conclusive 


Fi^  4S. — Schema  to  whom  the  ttrraofmicJit  for  provtnc 
lh«prop«f»liDD  of  the  Dcgftlive  chorse  in  btith  directiun^: 
a«  Ine  ■Umulaiinit  etovCrodea;  q  mnd  a',  gaiviktiotneien 
with  l—din^  off  electroclea  anm&gnl  to  bkow  ibe  DCgativa 
TKiimtkMk  an  aaeh  aide. 
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ail  they  seemed  to  be  at  the  lime  when  it  was  suppase<i  that  severed 
nerve  fibers  can  unite  inmiediately.  by  first  intention,  without 
previous  degeneration.  A  .similar  objertion  applies  to  Paul  Hen's 
<:iften  <iuoteil  ex|>priment.  liert  implanted  the  ti|)  of  a  rat's  tail 
into  the  skin  of  its  back.  After  union  had  taken  place  the  tail 
was  severed  at  the  base,  and  the  stump  now  attadied  to  the  back 
wjis  lesite*:!  from  time  (o  time  a:?  to  its  sen.sibiltly.  Sensation 
returned  slowly.  At  tit>t  it  \v;i.s  indefinite,  but  by  the  end  of  a 
year  was  apparently  nornuil. 

Modification  of  the  Nerve  Impulse  by  Various  Influences — 
Narcosis. — The  strength  of  the  impulse  and  its  velocity  may  be 
m'Hiified  in  various  ways:  by  the  action  of  temjx'rature,  narcotics, 
jm'swure,  etc.  Variations  of  temperature,  as  stated  lx»fore,  change 
the  velocity  of  propagation  of  the  impulse,  the  velocity  increasing 
with  a  rise  of  tempemture  up  to  a  certain  point.  So  also  the  irri- 
tability and   the  conductivity  of  the  nerve  fiber  are  infiuenceil 

arktMlly  by  lemi)eratiir€'.  If  a  pmall  area  of  a  neno  tnmk  Ix; 
lie*!  or  heatcU  the  ncrvr  im]>ulse  as  it  passes  through  this  area 
may  l)e  increa.se<l  (»r  decreased  in  strength  or  may  be  bloeketl 
entirely.  IHfTerent  fibers  Fhow  somewhat  different  reactions  in 
this  H'Sfwct;  but,  speaking  genenilly,  the  limit.s  of  conductivity 
relation  to  tem|x^raturc  lie  between  0'='  C.  and  5()°  C.     Cooling 

nerve  to  0**  C.  will  in  most  cases  suspend  the  conductivity,  but 
this  function  returns  promptly  upon  warming.*  This  fact  fur- 
nishes a  convenient  mean3  o(  blocking  tlie  ner\*e  impulses  in  a 
nerve  trunk  for  any  dcsinxl  length  of  time.     In  the  same  way 

[esthetics   and   narcotics, t  such   as  ether,    chloroform,   cocain, 

iloral,  phenol,  alcohol,  etc.,  may  be  applie<l  locally  to  a  nerve 
Inink  and  if  the  application  is  made  with  care  the  conductivity 
and  irritability  may  be  lessened  or  suspended  entirely  at  that  point, 
to  l>e  restored  acain  when  the  narcotic  is  removed.  It  is  an  inter- 
esting fact  that  the  conductivity  of  the  ncr\-e  may  Ixj  suspendetl 
by  deprivation  of  oxygen, J — that  is,  by  local  suffocation  or 

ph>*xia.  A  nerve  fiber  surrounded  by  an  oxygen-free  atmosphere 
Will  slowly  lose  its  comluctivily,  and  this  property  will  be  restored 
promptly  upon  the  admission  of  oxygen,  C<»mpression  of  a  ner\-e 
will  also  suspend  its  conductivity  without  permanently  injuring 
the  filjers  provided  the  pressure  is  ]>ro(>erly  graduated.  lastly,  as 
WM  explftintNl  in  a  preceding  chapter,  the  conductivity  of  the  nene 
may  be  increased  or  derreased  or  .suspended  entir«»ly  by  the  action 
of  a  galvanic  (jxilarizing)  current.  This  methtnl  of  suspending 
conductivity  temporarily  has  been  frequently  employed  for  ex- 


•  Howell.  Bii.lscett.  nn.!  T^inant.  "Journal  of  PlivHnlojrv."  16,  298,  1894. 
t  KfVllilich,  "Z«t«'hrift  f.  allReiuoUio  riiysiol.,"  3,  75,  1903. 
t  Buffers,  %hui„  2,  l«0,  19m, 
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poriinental   purposes,  the  arrangement   being  as  represented  in 
Fig.  49. 

When  the  Ponducii\ity  of  the  nerve  is  interrupted  by  any  of  tlie  methods 
desfrilfeU  a!x>ve,  certaiu  peculiar  reaction-^  may  Ije  obtained  in  the  inter- 
me<lia(.e  stages  before  conduction  is  entirely  alMilishcii  The  niowt  interest- 
ing of  the  stag:c»  i:^  tlie  paradoxical  condition.  In  thi«  stage  a  weak  stimulus 
applied  at  a  will  cause  a  contraction  of  the  mu^cfe,  wliile  a  .stronger  ^^timuluA 
will  prove  itiefTective.  Wedeii^ki,*  who  has  iiiuUied  these  reactious  with 
great  care,  believes  that  tlic  ncr%c  in  the  narcotized  area  is  thrown  into  a 
peculiar  condition  of  coutinue^l  excitation  to  which  he  gives  the  name  of 
parabwitis.  The  cotnlition  is  snpimsed  to  lie  characterizcfl  physiologically 
by  a  loss  of  lability  of  tfve  living  iiiutenul.  It  Heein.s  possible,  however,  timt 
the  reactions  ivhich  are  taken  as  tharacteri-stic  of  the  parabiotic  condition 
may  be  expIatniKl  upon  the  u-ssiunption  that  the  narcotics  and  other  regents 
mentioned  so  iJter  the  nerve  as  to  make  it  more  susceptible  to  fatigue  (see 
follotring  paragraph). 

The    Question  of    Fatigue    of   Nerve   Fibers. — An    important 
question  in  connection  with  the  nature  of  the  ner%'e  impulse  haa 

been  that  of  the  suscep- 
tibility of  the  ncn*e  fibers 
to  fatigue.  The  obvious 
fatigue  of  muscles  and 
of  npr\'e  centers  has  been 
reff^rred  to  the  accumula- 
tioa  of  the  produrts  of 
metabolism  of  their  tis- 
sues or  to  the  actual 
consumption  of  the  en- 
ergy-yielding material  in 
them.  Functional  activ- 
ity in  these  tissues  im- 
plies the  breaking  down 
of  complex  organic  material  (catabolism)  and  the  setting  free 
of  the  so-called  chemical  energy.  The  potential,  chemical,  or  internal 
energy'  of  the  compountl  is  lilxrated  as  kinetic  energ\'  of  heat,  etc« 
It  has  been  accepted,  tlierefore,  that,  if  the  nerve  fiber  could  be 
demonstrated  to  show  fatigue  as  a  result  of  functional  acti^•ity, 
this  fact  would  be  probable  proof  that  the  conduction  of  the  im- 
pulse is  associatetl  with  a  chemical  change  of  a  catabolic  nature  in 
the  substance  of  the  fiber.  Plxperimental  work,  however,  has 
shown  that  under  normal  conditions  the  nen^e  fiber  shows  no 
fatigue.  The  experiments  made  ujwn  this  point  have  been  nu- 
merous and  varieil.  The  general  idea  tindcrlying  all  of  them  has 
been  to  stimulate  the  nen-e  continuously,  but  to  interpose  a  block 
somewhere  along  the  course  of  the  nen*e  so  that  the  impulses  should 
not  reach  the  end-organ.  This  precaution  is  necessary  because 
•  Wedenski,  "Pfluger*s  .\rchiv,"  100,  1,  1904. 
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the  end-organ — nuiscle,  gland,  etc. — is  subject  to  fatigue,  and 
mu&t  therefore  he  protectetl  from  constant  activity,  I-'rom  time 
to  time  or  at  the  end  of  a  long  jKritxl  of  Ktimulation  the  block  is 
removed  and  it  is  not«d  whether  or  not  the  end-organ — for  in- 
Bt^uce,  the  muscle — gives  signs  of  a  stimulation.  The  removable 
bltK'k  has  been  obtained  by  the  action  of  a  polarizing  current,  by 
cold,  by  narcotics,  by  curare,  etc.  Using  curare,  for  instance, 
Bowditvh*  found  that  the  sciatic  nerve  might  be  stimulated  continu- 
ously by  induction  shocks  for  several  (four  to  five)  hours  without 
complete  fatigue,  since  as  the  curare  effect  wore  off  the  muscle 
whose  contractions  were  being  recorded  (M.  tibialis  ant.)  began 
to  respond,  at  first  ynth  single  and  finally  witli  tetanic  contractions. 
The  curare  in  this  case  may  l>e  supposed  to  have  blocked  the  nen*e 
impulse  at  the  motor  end-plate  and  thus  protected  the  muscle 
from  responding  until  the  lapse  of  several  hours,  although  the 
nen^e  during  this  entire  time  was  conducting  tetanic  stimuli.  This 
ex|>eriment  has  since  been  repeated  by  Durig.f  who  has  made  use 
of  the  fact  that  the  effects  of  curare  can  be  removed  within  a  few 
minutes  by  the  salicylate  of  physostigmin,  Durig  vstimulatetl  the 
ner\e  for  as  much  as  ten  hours  and  then  upon  removing  the  curare 
block  found  from  the  contraction  of  the  musrle  that  the  ner\'e 
was  still  conducting.  Eflesf  a^d  others  have  shown  that  the 
same  result  is  obtained  when  the  nerve  is  tested  by  a  capillarv' 
electrometer  instead  of  by  the  response  of  an  end-organ.  Under 
such  conditions  the  nene  exhibits  an  undiminishetl  action  cur- 
rent, although  constantly  stimulateil  by  tetanizing  shocks  from  an 
induction  apparatus.  BrrKlie  and  Halliburton  §  have  found  that 
the  non-medidlated  fibers  in  the  sjteuc  nerve  can  also  be  stimulated 
for  many  hours  without  losing  their  power  of  conduction, — that 
is,  without  showing  fatigue.  Many  other  ol)8er\'ers  have  obtained 
sunilar  results,  which  have  confirmed  pliysiologists  in  the  belief 
that  the  nerve  fibers  may  conduct  impulses  indefinitely,  or,  in 
other  wonls,  that  their  normal  functional  activity  may  be  carried 
on  continuously  without  fatigue.  If  this  belief  is  entirely  correct 
it  would  place  the  ner\*e  fibers  in  a  class  by  themselves,  since  all 
other  tissues  that  have  been  studied  show  eviiience  of  fatigue  when 
kept  in  continuous  functional  activity.  Mon^over,  if  this  belief  is 
entirely  correct  it  would  imply  that  the  conduction  of  an  impulse 
in  the  nerve  fiber  is  not  associated  with  a  consumption  of  material, 
a  metabolism,  an<l  in  this  resf>ert  also  the  functional  activity  of 
the  ner\e  would  be  placed  in  contrast  with  that  of  other  organs. 

•  Bowaitch.  "Journal  of  Physiology."  6,  133,  1S85. 

tDnriff.  »TenlraIblatt  f.  Ph'vsiol.."  15.  751.  I«H)2. 

X  Iule«,  "  Jouriml  of  PhvMiol<^'."  13,  431.  1S02. 

I  Bro.lie  aiid  HaiUburton,  "Journal  of  Physiology,"  28.  181.  1902, 
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It  rnnst  Ix'  rfinetuhi?RMl,  however,  that,  althiiugh  the  above  experi- 
ments dernonstrnte  the  practical  **uiifati^ueablen(>i>s "  of  nerve 
fibers  under  ordinary  eonditions  of  stimulation,  tiiere  are  some 
reascins  to  make  us  hesitate  in  suppo.siiig  that  these  structures 
funi'tion  abriokitely  without  fatigue.  In  aU  tlie  experimentti  n^ 
ferred  tr*  the  nerve  was  stimulated  by  iruUiction  shock,  and  although 
these  stimuh  followed  very  rapidly  there  was  a  short  period  of 
rest  after  each  HtimuluSj  and  jxtssibly  this  inter\'al  of  rest  is 
quite  suffirient  in  the  normal  nerve  for  reeovery  from  the  effect 
of  the  [)revious  stimulus.  It  has  been  shown.*  for  instance,  that,  if 
two  stimuli  Iw  a])plied  to  a  nerve  with  a  ver^-  brief  inter\'al  between 
(0.006  sec.  or  less,  aeeonUng  to  the  temperature),  the  second  stimu- 
lus is  ineffective  so  far  as  can  be  determined  by  the  response  of  an 
attached  muscle  or  by  means  of  a  capillar^*  electrometer.  And  it 
may  very  well  be  that  in  this  case  the  lack  of  response  to  tlie  second 
stimulus  is  due  to  a  short-lastin;?  fatigue  from  the  first  stimulus. 
This  point  of  view  is  strengthene<l  by  the  fact  that,  Avhen  t!»e  irrita- 
bility of  the  nerve  is  greatly  depressed  by  narcotics, f  tbis  critical 
inter\^al  is  mudi  lengthened:  t\vo  stimuli  wilh  a  rate  of  more  than 
10  per  se(<*nd  iniiy  give  an  effec't  only  for  the  fu"st  stitnulus. 
Garten  has  shown  also  that  one  nerve,  the  olfactory'  of  the  pike, 
when  stimulated  by  induction  shocks,  with  an  inten-al  lx*tween 
the  stimuli  of  as  much  .is  0.27  sec.,  givej?  evidence  of  fatigue,  since 
its  action  ctirrent  as  measured  by  the  capillary  eleetmmeter  ilimin- 
ishes  in  extent  quite  rapidly,  and  recovers  after  a  short,  rest. J 

Does  the  Nerve  Fiber  Show  any  Evidence  of  Metabolism 
during  Functional  Activity? — The  funclinnal  part  of  a  ner\-e 
filx^r  in  conductiim  is  the  axis  cylinder,  and,  indeed,  probably  the 
ncuralibrils  in  the  axis  cylinder.  The  raims  of  this  material  even 
in  a  lar^e  nerve  trunk  is  smnllj  and  its  chemistrA'  is  but  little  known. 
The  efforts  that  have  been  made  to  prove  a  metabolism  in  the 
nerve  fiber  during  activity  have  been  directed  along  the  lines 
indicated  by  what  is  known  of  muscle  metabolism.  In  a  muscle 
during  contraction  heat  is  produced,  the  sul:>stance  of  the  muscle 
shows  an  acid  reaction,  and  among  the  products  formed  carlxxn 
dioxid  gas  is  perhaps  the  most  prominent.  Efforts  to  show  similar 
reactions  in  stimulated  nerves  have  been  unsuccessful.  Rolleslon§ 
investigated  the  4}uestion  of  heat  production  with  the  aid  of  a 
delicate  bolometer  capable  of  indicating  a  <lifference  of  temperature 
of  THrVn"*^^'  ^^^^  frog's  sciatic  was  used,  but  no  increase  in  tem- 
perature during  stimulation  could  Ixi  demonstrated.     No  change 

*  Ootrh  and  Biirrh.  ".loumal  of  PliVbiolotjv."  24.  410,  1899, 
t  Krtihiich.  •■  Zeil.sclirifl  f.  allcfmniiie  Phy^tiol..**  3.  4(iS,  1904. 
t  Quoted  from  liiedeminnn,  "  Ergehnisse  der  Plivsioloeie,"  \'ol  U,  part  n. 
p.  121». 

§    Rollepton,  "Joiimnl  of  rhy.iiolog>',"  U,  208,  1S90. 
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in  PDAction  can  l>e  obtained  by  means  of  the  usual  indicators  for 
ftridity.  Waller  has  given  some  experiments  to  show  that  carbon 
dioxid  i«  produced  during  activity,  but  they  are  far  from  \je\ng  i-on- 
clusive.  His  line  of  argument  is  as  follows:  He  has  found  that  the 
n  current  of  a  nerve  ihut  is  being  stimulated  is  increased  by  the 
nee  of  ven*  slight  amounts  of  carbon  dioxid,  higher  percenlagea 
wiusing  again  naturally  a  decrease.  This  reaction  for  the  presence 
of  carlxin  dioxid  i.s  apparentl>-  a  ver>'-  delicate  one.  When  now  a 
normal  nerve  is  stimulated  its  action  current  after  some  minutes 
of  tetanic  stimulation  is  increa8e<l  in  the  same  way  as  would 
happen  if  a  Uttle  carbon  dioxid  was  [jasse^l  over  it.  He  con- 
eidera  that  this  temix>rary  increase  in  the  action  current  is  due 
lo  llie  formation  of  carbon  dioxid  from  a  functional  metabolism. 
The  only  significant  evidence  that  we  have  of  a  chemical  change  m 
the  fiber  during  acti\it3'  is  found  in  two  facts  already  mentioned: 
one  is  the  discovery  that  oxygen  is  re(|uisite  for  ncjnnul  conduction. 
A  ner\'e  placed  in  an  atmospheni  free  from  oxygen  loses  its  irrita- 
bility, and  regains  it  again  quickly  upon  the  udmission  of  oxygen. 
The  other  is  found  in  the  stat<*ment  of  Betlie,  that  when  a  nerve  is 
etimulated  a  definite  change  in  the  staining  projjerty  of  the  neuro- 
fibrils may  l>e  notwl  (see  p.  102).  At  piY'wMU  we  must  admit, 
therefore,  that  »>  far  as  the  ner\T  fiber  is  concemetl,  we  have  no 
positive  proof  of  a  functional  metalx>hKm.  This  negative  state 
of  our  knowledge,  conmdering  the  diflifultieshivolvcd  in  obtaining 
proofs,  hardly  warrants  a  positive  denial  of  the  existence  of  such 
a  metalx>lism.  All  tissues  whose  chemistry  can  be  studied  show 
a  motal)oli.sm  during  functional  activity,  and,  reasoning  from 
analog)',  it  seems  probable  that  the  same  fact  will  eventually  be 
demonstrated  for  the  axis  cylinder. 

Views  as  to  the  Nature  of  the  Nerve  Impulse. — The  ohler  con- 
ceptions of  the  ner\'e  principle,  while  they  varie<l  in  detail,  were 
based  upon  the  general  idea  that  the  nen'ous  system  ctintains  a 
matter  of  a  finer  sort  than  that  visible  to  o\ir  sen.ses.  This  matter 
was  picturwl  at  first  as  a  spirit  (animal  spirits),  and  later  as  a  ma- 
terial comparable  to  the  himinifennia  ether  or  to  electricity.  Since 
the  discover)'  that  the  nen^e  impulse  travels  with  a  relatively  slow 
velocity  and  is  aecompanie<l  by  a  demonstrable  change  in  the  elec; trical 
condition  of  the  ncr\'e,  two  main  views  regarding  its  nature  have  been 
entertained.  Many  physiologists  conceive  the  nerve  impulse 
OS  a  pmgre-ssive  wave  of  chemical  change  which  is  started  at  one 
end  by  the  stimulus  and  Ls  then  self-propagateti  along  the  fil)er. 
The  conception  in  general  is  represented  by  the  transmission  of  a 
k  along  a  line  of  gunpowder.  The  flame  applie<i  at  one  end 
an  explosive  chemical  change,  which  is  then  propagated 
|K)int  to  point.    The  analogy  is  obviously  very  incomplete; 
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nnce  in  the  train  of  gunpowder  the  mAimal  is  entirelr  consi 
whereas  in  the  nerve  an  indefinite  series  of  impulses  may  be  trans- 
initte<l  and  with  a  strength  varying  with  the  intensity  of  the  origini 
ting  stimulus.  This  general  view  iropfies  that  a  disassimilation  or 
catabolism  occurs  in  the  nen'e,  a  l>r»jidng  dovn  of  cotnp&ex  material 
with  the  liberation  of  ibe  potential  rheinical  energy:  it  assumes, 
in  other  words,  that  the  wave  of  chemical  change  that  sweeps 
along  a  ner\'e  fiber  is  similar  to  the  wave  of  cbenoical  change, 
contraction  wave,  that  passes  over  a  muK-le  fiber.  A^  was  stated 
in  preceding  paragraphs,  there  b  no  evidence  for  this  view.  It 
has  not  been  shown  that  in  the  conducting  nerve  there  are  any 
detectible  metabolic  product.s  formed  There  is  no  rise  in  tempera- 
ture, no  change  in  reaction,  no  formation  of  carbon  dioxid.  The 
view  rests  entirely  upon  analogv'  with  what  is  known  to  occur  in 
other  tissues,  especially  muscle,  during  functicmal  activity.  The 
electrical  change  that  accompanies  the  ner\*e  impulse  is  considered 
as  a  by -action,  so  to  speak,  due  pmbahly  to  the  lil^ration  of  electro- 
negative ions  (anions,^  in  the  reaction  that  constitutes  the  nerve 
impulse.  The  second  general  view  of  the  nature  of  the  ner\'e 
impulse  assumes  that  it  is  a  physical  or  physico-chemical  process 
transmitted  along  the  fiber  without  involving  a  metalx>lism  of  the 
living  nerve  substance.  One  may  find  an  analog)-  for  such  a  process 
in  the  wave  of  pressure  transmitteil  through  a  tube  filled  with 
liquid  or  the  electrical  current  conveyed  through  a  metallic  con- 
ductor. ThL«  view  rests  upon  the  fact  that  no  consumption  of 
material  can  be  demonstratetl  in  the  acting  nerve  fiber,  and  that 
apparently  the  fiber  can  conduct  indefinitely  without  showing 
fatigue.  Various  suggestions  have  been  offered  as  to  the  character 
of  this  physical  change,  but  the  one  that  is  perhaps  most  worthy 
of  consideration  identifies  the  nerA-e  impulse  with  the  negative 
electrical  charge  that  is  knomi  to  pass  along  the  fiber.  It  Is  tis- 
sumed  that  this  electrical  charge  constitutes  the  nerve  impulse. 
To  explain  the  physics  of  the  conduction  it  is  supposed  that  the 
nerve  fiber  has  u  structure  essentially  similar  to  the  "core  con- 
ductor'* (see  p.  HO  in  that  it  foiitains  a  central  thread  surroimded 
by  a  liquid  sheath  of  less  conductive  material.  The  central  thread 
may  lie  supposed  to  be  the  axis  cylinder  and  the  less  conductive 
sheath  the  surroimding  myelin,  or  perhaps,  to  follow  another 
suggestion  that  fit.n  the  non-medullated  as  well  as  the  medullated 
fillers,  the  central  tlu^atls  are  represente<l  by  the  neurofibrils 
within  the  axis  cylinder  and  the  surrounding  sheath  by  the  perifi- 
brillar substance.  That  the  axis  cylinder  is  a  better  conductor 
than  the  myelin  .sheath  has  been  demonstrated  by  the  micro- 
chemical  researches  of  Macalluni.  This  observer  has  shown  that 
in   the  axis  cylinder  the  chlorids  exist  in  greater  concentration 
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in  the  surroiiniling  sheath.*  The  point  of  importance  is  that, 
with  a  core  model  (see  Fip.  46)  consisting  of  a  plass  tul>e  with  a 
core  of  platinum  wire  and  a  sheath  of  solution  of  sodium  chlorid, 
0  6  per  cent.,  electrical  phenomena  can  be  obtained  similar  to  those 
shown  by  the  stimulated  nerve.  If  an  induction  shock  is  sent  into 
such  a  mmlel  at  nne  end  and  two  leading  off  electro<ies  are  connected 
at  another  point,  an  action  current  may  lie  detected  for  each  stimu- 
lus. It  Is  evident,  tlierefore,  that  in  such  a  model,  as  in  an  ocean 
ca)>le,  an  electrical  charge  may  be  transmitted  in  a  wave-like  form 
when  a  current  is  applie*!  at  one  end.  And.  as  such  a  moving 
ele<*trical  disturbanc*e  is  the  only  objective  phenomenon  known 
to  (VTur  in  the  stimulated  nerve,  it  is  assumed  that  it  constitutes 
the  nerve  impulse.  When  this  electrical  <Usturbance  reaches  the 
end-organ, — the  muscle,  for  instance, — it  initiates  the  chemical 
changes  that  characterize  the  activity  of  the  orpan.  This  kind 
of  t!ieor>'  makes  the  nerve  impulse  an  electrical  phenomenon,  and 
mes  that  the  nerve  fil>ers  have  become  differentiated  to  form 
ft  specific  kind  of  conductor,  the  efficiency  of  which  depends  upon 
its  having  a  structure  similar  to  that  of  a  '*core  conductor.'*  It 
should  be  added  that  this  and.  indeed,  all  specific  theories  of  the 
nature  of  the  nerve  impulse  are.  at  present,  matters  for  dLscussion 
and  experiment  amonj^  specialists.  We  are  far  from  having  an 
explanation  of  the  nerve  imimlse  resting  upon  such  an  experimental 
basis  as  to  command  general  acceptance-t 

Ik*the  has  proposed  a  tfieory  of  the  production  and  conduction  of  the 
OPTve  innpulse  which  varies  somewhat  from  the  types  ^ven  above.  It  ia 
lauoded  upon  an  obs<T\'ed  histolo|;ical  fact  already  rt'furre*!  to  (p.  102).  The 
aervo  impulse  i«  defined  in  Ixis  hypothesi.**  aj^  a  wave  of  chcniiral  aflinity  be- 
twern  the  fibrils  and  fibril  acid  whirh,  xtjirtin^  at  the  point  ntimulate<J,  is 
IranAinitUMJ  aluiifc  the  nerve.  There  it*  thus  ronoeived  a  kind  of  cheriiicol 
iT»rtion  wfiieh  involves  no  lilKTution  of  internal  enerRy.  To  account  for 
tl)*'  fliTtricul  ehun^es,  it  in  assumed  that,  when  the  fibril  and  fibril  acid  com- 
bine, electnuii-gative  ion.*i  unioni*  — are  liberated.  »n  tiiat  as  the  wave  of 
tffinity  proKrt**M^T(  it  iw  aceornpanie*!  by  an  olrctronegntive  condition.! 

Other  somewhat  similar  thetiries  have  he<"ii  proposed  which  attempt  to 
■rcoiint  for  the  negative  electrir:iJ  charge  i nerve  impul.'^e)  on  the  theory 
of  an  electrolytic  diKsoeiatinn  ami  an  unequal  velocity  "f  migration  in  the 
rmiltin^  ion>i.  Thu8  Macdonald  shows  by  inicrochenueal  reactions  that  the 
ajU9  cvhoder  contains  {HitaKoium  kiIu  in  romV>ination  huIi  colloidal  material. 
On  injury  or  stimulation  the  mm|>ound  is  difwocifltinl  anil  the  colloid  paAflea 
poaubly  into  a  jrel  condition.  The  more  rnpid  difTiimon  of  tlie  eationn  (K) 
Wv«#  an  excess"  of  anions  which  accounts  for  the  negative  change.  The 
pfTXvwi  in  revepiihle.  so  that  an  electrically  neutral  molecule  ia  re-formed 
after  the  pa.wnge  of  the  impulf>e.$ 

•  Macnllum.  "  I'roc«i'dint7*  of  the  Royal  S<viely."  IlMKi.  R,  Ixxvii.,  tfio. 

t  Kor  a  summary  of  the  htemture  ij|>on  the  nature  of  the  nerve  trnputw 
(YmMuIt  lioruttAU,  '' Zeit.  f.  allg.  rhysiojogie,"  1,  I,  Sunimolrefemte,  U»tri; 
Hietlennann.  '*  Trgebniswe  fler  PlivMoloKie."  vol.  ii.  narl  ii,  IlKKi;  Hering, 
*  Zur  Thenrie  iler  Ner>'enth:itiEkeit."  18tH»:  Golch.  Sciififer's  "Text-book  of 
Pljynology."  vol.  ii.  UMK). 

t  l^'the,  *•  .\Ucgemeine  Anatomic  u.  Physiologie  dca  Xcr\'ensysteme."  p. 
301.  IWW. 

i  Mordonald.   ' Procef?dings  of  ihc  Royal  Society."  B.  Ixxvi.,  322. 
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Qualitative  Differences  in  Nerve  Impulses  and  Doctrine  of  Spe- 
cific Nerve  Energies. — Whoilior  or  not  the  ner\'e  impulsos  in  vari- 
ous ncr\'e  filjcrs  differ  in  kind  is  a  question  of  great  interest  in  physi- 
ology. The  usually  acrepted  view  is  that  they  are  identical  in 
character  in  all  fibers  and  vary  only  in  intensity.  According  to 
thb  view,  a  sensorj'  nerve — the  auditon,'  nen'e,  for  instance — car- 
ries impulses  similar  in  character  to  those  passing  along  a  motor 
ner\'e,  and  the  reason  that  in  one  case  we  get  a  sensation  of  hearing 
and  in  the  other  a  contraction  of  a  muscle  is  found  in  the  manner 
of  ending  of  the  nerve,  one  terminating  in  a  special  part  of  the  cortex 
of  the  cerebrum,  the  other  in  a  muscle.  From  this  standpoint 
the  nerve  fibers  may  lie  comparetl  to  electrical  wires.  The  current 
conducte^l  by  the  wire:*  is  similar  in  all  cases,  but  may  give  rise  to 
ver\'  different  effects  according  to  the  way  in  which  the  wii*es  ter- 
minate, whether  in  an  explosive  mixture,  an  arc  light,  or  jsolutions 
of  electrolytes  of  vario\is  kimls.  We  have  in  physiology  what  is 
known  as  the  doctrine  of  specific  nerve  energies,  first  fomiulate^i 
by  Johannes  Miillcr.  Tliis  doctrine  expre^sses  the  fact  that  nerve 
fibers  when  stimulated  give  only  one  kind  of  reaction,  w^hether 
motor  or  sensory,  no  matter  in  what  way  they  may  be  stimulated. 
The  optic  nerve,  for  instance,  gives  us  a  sensation  of  light,  usually 
because  light  waves  fall  on  the  retina  and  thus  stimulate  the  optic 
nerve.  But  if  we  apply  other  forms  of  stimulation  to  the  nervo 
they  will  also,  if  effe<'tive.  give  a  sensation  of  light.  Cutting  the 
optic  nerve  or  stimulating  it  with  electrical  currents  gives  visual 
sensiitions.  On  the  i<ientity  theoiy  of  the  nerve  impulses  the 
specific  energies  of  the  various  nerves — that  is.  the  fact  tliat  each 
gives  only  one  kind  of  response — is  referred  entirely  to  the  charac- 
teristics of  the  tissue  in  which  the  fibers  end.  If,  as  has  been  said, 
one  coulrl  successfully  atl^ich  the  optic  nerve  to  the  ear  and  the 
auditory  nerve  to  the  retina  then  we  should  see  the  thunder  and 
hear  the  lightning. 

The  alternative  theory  supposes  that  ncr^e  impulses  are  not 
identical  in  tlifferent  fibers,  but  var>*  in  quality  as  well  as  intensity, 
and  that  the  specific  energies  of  the  Aarious  fibers  depend  iu  jjart  at 
least  on  the  character  of  the  impulses  that  they  transmit.  On 
this  theor>'  one  might  speak  of  visual  impulses  in  the  optic  ner\'es 
as  something  different  in  kind  fmm  the  auditors*  impulses  in  the 
auditor>*  fibers.  With  our  present  methods  of  investigation  the 
questi<m  is  one  that  can  not  Ix*  definitely  ilecided  by  exf»erimental 
investigation;  must  of  the  discussion  turns  upon  the  applicability 
of  the  doctrine  to  the  explanation  of  various  conscious  reactions 
of  the  senson.'  nen'es. 

So  far  as  experimental  work  has  been  carried  out  on  efferent 
nenTS,  it  is  undoubtediv  in  favor  of  the  identitv  theorv.    The 
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ion  c'lirrent  is  himilar  in  all  nerves  examined;  the  reactions  to 

tificial    stimuli    are    essentially    similar.     Moreover,    nen'es    of 

imv  kiml  may  be  8Uture<l  to  nerves  of  another  kind,  and.  after  re- 

penoration  has  taken   place,  the  react  ions  are  found  to  be  deter- 

ininoil  solely  by  the  place  of  ending  (see  p.  76). 

The  Nutritive  Relations  of  the  Nerve  Fiber  and  Nerve  Cell. 
— In  recent  times  in  accordance  with  the  so-called  nenron  doctrine 
(»ep  p.  123)  every  axis  cylinder  has  lK*en  considered  as  a  process  of 
ft  nerve  cell,  and  therefore  as  a  part,  morphologically  speaking,  of 
that  cell.  However  this  may  be,  there  is  excellent  experimental 
evidence  to  show  that  the  physiological  integrity  of  the  axis  cylinder 
depends  upon  its  connection  \nth  its  corresponding  nerve  cell.  This 
view  dates  from  the  interesting  work  of  Waller,*  who  showed  that 
if  a  nerve  be  severed  the  jwripheral  stump,  containing  the  axis  cyl- 
inders that  are  cut  off  from  the  cells,  will  degenerate  in  a  few  da>'8. 
The  process  of  degeneration  brought  about  in  this  way  is  known 
secrondary  or  Wallerian  degeneration.     The  centra!  stump,  on 

contrary,  remains  intact,  except  for  a  short  region  iinnietliately 
contiguous  to  the  wound,  for  a  relatively  long  period,  extending 
perhapB  over  years.  Waller,  tlierefore,  spoke  of  the  nerve  cells  as 
forming  the  nutritive  centers  for  the  nerve  fibers,  and  this  belief 
is  generally  accepted.  In  what  way  the  cell  n^gulates  the  nutrition 
of  the  ncr\-e  filler  throughout  its  whole  length  is  iinknown.  Some  of 
the  cells  in  the  lumbar  spinal  cord,  for  instance,  give  rise  to  fibers  of 

I  the  sciatic  nerve  wliich  may  extend  as  far  as  the  foot,  and  yet 


nc.  so. — DUcrmm  u*  «how  the  tliraction  of  d«ienersLion  on  eection  of  the  &ot«rior 
mad  Ihr  pu«t«rior  root.  res|arctivety.     The  lieiteiienileil  portion  la  rvpreeeated  iu  black. 


throughout  their  whole  length  the  nutritive  processes  in  these  filters 
are  dependent  on  inttiien<'es  of  an  unknown  kind,  emanating  from 
the  ner\e  cells  to  which  they  are  joined.  These  influences  may 
consist  simply  in  the  effect  of  const^mt  activity;  that  is,  in  the 


•WaUer.  "Mailer's   Archiv."    1H52.   p. 
TAcad.  dii  U  Science,"  vol.  xxxiv.,  1853. 


392;  and  "Comptea  reodua  de 
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cooductkn  of  nenre  impiihrw,  or  there  nuy  be  some  land  of  an 
actual  tran^eral  of  materuL  TUf  Utter  idea  is  supported  by  the 
mienestin^  facu  witidi  we  owe  to  Merer,  that  tetanus  and  diph- 
theria toxins  may  be  tranaaitted  to  the  central  nervous  s>'5tem 
ly  way  of  the  axis  ryfindeis  of  the  nerve  fibers^  By  means  of  his 
method  WaHer  inv«9Ciga(ed  the  locatioa  of  the  nutritive  centers; 
for  the  motor  and  Jenaorr  fibers  of  the  tpmal  aenres.  If  an  anterior 
nwC  is  cot  the  peripheral  ends  of  the  motor  fibers  degrnerate 
throughout  the  kt^:th  of  the  nerre,  vfaile  the  fibers  in  the  stump 
aUad»d  to  the  cord  remain  intact;  hence  the  nutritive  centers 
for  the  motor  fiben  most  lie  in  the  cord  itself.  Subsequent  histo- 
logical work  has  corroboffated  this  conchiaiQa  and  shown  that  the 
motor  fibers  of  the  spinal  nerves  take  their  origin  from  nerv^e  ceils 
King  in  the  anterior  horn  of  gray  matter  in  the  roid.  the  8o-<*alleii 
motor  or  anterior  root  ceOs.  If  the  posterior  rDot  is  cut  between 
the  ganglion  and  the  cord^  the  stump  attaciied  to  the  cord  degener- 
ates; thai  attached  to  the  gangUon  lem&ins  intact,  and  there  is  no 
degCBeratioD  in  the  nen-e  peripheral  to  the  gan^ioo  ^Fig.  oO).  If. 
howcrer.  this  root  is  severed  peripherally  to  the  gang! ion  d^cnera- 
taon  takes  place  only  in  the  spinal  nerve  beyood  the  ganglion.  The 
iratritive  renter,  therefore,  for  the  aensofv  fibers  must  lie  in  the  pos- 
terior root  ganglion,  and  not  in  the  cord.  This  conclusion  has  also 
been  abundantly  corroborated  by  histoiogical  work.  It  is  known 
that  the  sensory*  fibers  arise  from  the  nerve  cells  in  these  ganglia. 
By  the  same  means  it  has  been  shown  that  the  motor  fibers  in  ll^e 
manial  nerves  arise  from  ner\'e  cells  (nuclei  of  origin)  situated 
in  the  brain,  while  the  sens«>r\-  fibers  of  the  same  ner\'es,  with  the 
exception  of  the  olfaetori'  ami  optic  tier\TS  which  form  sjiecial 
eases,  arise  from  sensor>*  ganglia  K-ing  out<dde  the  nen'ous  axis* 
such,  for  instance,  as  the  spiral  ganglia  of  the  cochlear  ner\'e,  or 
the  gangjioa  semilunare  (Gasserian  ganglion)  of  the  fifth  cranial 
nerve. 

Herre  Degeneration  and  Regeneration. — When  a  ner\% 
tnmk  is  cut  or  is  killed  at  any  point  by  crushing,  heating,  or  other 
means  all  the  fibers  peripheral  to  the  point  of  injun*  undergo  de- 
generation. This  b  an  incontei^able  fact,  and  it  L^  important  to 
bear  in  mind  the  fart  that  the  definite  changes^  of  degeneration  are 
exhibited  only  by  living  fibers,  A  dejid  ner\-e  or  the  nen'es  in  a 
dead  animal  show  no  such  changes.*  Tlie  older  physiologists 
thought  that  if  the  se\'eral  ends  of  the  ner\'es  were  brought  together 
bysDtures  they  might  unite  by  first  intention  without  degeneration 
in  the  peripheral  end.  We  know  now  that  this  ilegeneration  is 
inevitable  once  the  living  continuity  of  the  filers  lias  lieen  intei^ 
rupted  in  any  way.  Any  functional  union  that  may  occur  is  a  slow 
•See  Van  Gehucblen.     Le  X^Taxe."  J 905.  Wt..  203. 


Fig.  51. — Uutolosy  of  a  degeoeratias  nerve  fiber. 


Fig.  52. — Enibry<inic  fibern  in  a  regenerating  nerve. 


Fig.  53. — A  newly  ilevelnped  6ber  in  a  regenerating  nerve  fiber. 
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1  act  of  regeneration  of  the  fihei 
stump.  The  time  required  for  the  (iegeneralioii  diffei-s  somewhat 
for  the  different  kinds  of  fibers  found  in  the  animal  Ixidy.  In  the 
doc  and  in  other  mammalia  the  defeneration  Ijepu-s  in  a  few  (four) 
tiays;  in  the  frop  it  may  i-e*]uire  from  thirty  to  one  himdred  antl 
forty  days,  deyjendinK  ufMrn  tlie  season  of  the  year,  although  if  the 
frog  is  kept  at  a  high  temperature  {liii'^  <M  degeneration  may 
proceed  as  rapidly  as  in  the  mammal.  In  the  dog  it  prot'eedH  so 
quickly  that  the  process  seems  to  be  Hinudlaneous  throughout  the 
whole  peripheral  stump,  while  in  the  fn)g.  iinil.  act-onling  to  Bethe, 
in  the  rabbit,  it  can  be  .«een  clearly  tliat  the  degenerative  changes 
begin  at  the  wound  and  progress  peripherally.  The  fil>ers  break 
up  inl<»  ellipsoidal  segmentn  of  myelin,  each  containing  a  piece  of 
the  axis  cyUnder,  and  these  figments  in  turn  fragn^ent  vePk'  irregu- 
larly into  ^smaller  pieces  which  eventually  are  absorbed  *  (Fig.  51). 
The  central  stump  whose  fibers  are  Ktill  connected  with  the  nerve 
cells  undergoes  a  edmilar  degeneration  in  the  area  immediately 
contiguous  to  the  wound.  l>ut  the  degenerative  pnx^esses  extt>nd 
for  only  a  short  di.stance  over  an  area  covering  a  few  internodal 
segments.  Although  the  central  ends  of  the  fibers  remain  sub- 
stiintially  intact,  it  is  interesting  to  find  that  the  nerve  cells  from 
which  they  originate  undergo  distinct  changes,  which  show  that 
they  are  profoundly  affecteil  by  the  interruption  of  their  normal 
connections  (see  p.  121).  In  the  jwripheral  end  the  process  of 
regeneration  b>egins  almost  simultaneously  with  the  degenerative 
changes,  the  two  proceeding,  as  it  were,  hand  in  hand.  The  regen- 
eration is  due  to  the  activity  of  the  nuclei  of  the  neurilemma)  sheath. 
These  nuclei  begin  to  multiply  and  to  form  aroun<l  them  a  layer  of 
protoplasm,  so  that  as  the  frngments  of  the  old  hl)er  disappear 
their  place  is  taken  by  numerous  nuclei  ami  their  surrnuntiing 
cytoplasm.  Elventually  there  is  formed  in  this  way  a  continuoiis 
strand  of  protoplasm  with  many  nuclei,  ami  the  fil>er  thus  produced, 
which  has  no  resemblance  in  structure  to  a  normal  nerve  fiber, 
it  described  by  some  authors  as  an  "embr\'onir  filx»r";  by  others 
ns  a  "band  filler*'  (Fig.  52).  In  the  adult  animal  the  process  of 
regeneration  stops  at  this  pomt  imless  an  anatomical  connection 
L<  established  with  the  central  stump,  and,  indeed,  such  a  connection 
is  usually  estaldi.'^hed  uidess  special  means  are  taken  to  prevent  it. 
The  central  and  peripheral  stumps  find  each  other  in  a  way  that 
is  often  remarkable,  the  union  being  guided  doubtless  by  intervening 
connective  ti.ssue. 

FofMrnann*  f  h&n  pmph&sixed   this   pwiJiar  attraction,   tu*   it   worr.   I»e- 
twoen  ibc  iK'riplipml  and  die  central  ptkIh,  givinji;  some  reason  to  hcliove  that 

•See  HowoU  and  Hu»>cr,  "Journal  of  PhyfioN^j-."  13,3.15.   189*J  :  also 
Itfofl  anl  Halliburton.  "  Procwdings  Royal  Soriety."  IDOG,  B.  Uxviii.,  259. 
t  ForuiianuA.  "  YahhWt'b  Ueitnige."  ^.  216,  im>2. 
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it  is  a  case  of  clieinniaxis  or  chemotropism.  When  the  ends  of  the  ner\e» 
were  given  ver\'  uiiiir^ual  jiosiiions  l>y  mean^  of  rollixlitirn  i.iil)«s  into  wliicli 
they  were  m*.er|wl  they  ni.inagetl  to  "  find"  each  otiier.  Moreover,  he  slatea 
that  a  central  stiinip,  if  (civeii  an  ef]ual  opportunity  to  grow  into  two  collo* 
dium  tubes,  one  contnining  liver  and  the  other  hrain  tisMie,  will  cho^  tho 
latter,  a  fart  which  would  indicate  noine  underlying  rlieniical  attraction  or 
affinity  in  uer\-o  tissue  for  nerxe  tiswue.  A  directive  influence  of  this  kind 
de[>Giuling  ui>on  some  pniperty  connected  with  chemical  relationship  is  dem^ 
Dated  wi  "  cheuiotaxis." 

If  the  central  ami  poriphoral  stumps  arc  brought  together  by 
stiture  or  grow  togethor  in  anyway,  then,  under  the  influence  of  the 
central  eml^  the  "band  fiber"  gradually  beeomes  trnnKformed  into 
a  normal  nor\-e  fibrr.  with  myelin  sheath  and  axis  cylinder  (Fig.  53). 
It  is  usually  beli^'vrd  tluit  the  axLg  cylinders  arc  formed  as  out^ 
gn»wthy  from  those  of  the  fil>er8  of  the  central  stump.  These  latter 
penetrate  the  '*  band  fibers"  and  grow  throughout  their  length. 

From  a  prartical  ^andpoint  it  ia  interesting  to  note  that  this  inflnenre 
of  the  central  stump  may  bo  exerted  montlis  or  even  years  after  the  injury 
to  the  nerve.  The  peripheral  slump  after  reaching  the  .stage of  "bami  fibers 
is  ready,  as  it  were,  for  the  infiuenre  of  the  central  pnri,  and  vases  are  nn  record 
in  which  a  secondary  suture  was  made  a  long  time  iiftcr  tlie  original  injur>% 
with  the  result  that  functional  activity  was  restored  to  the  nerve, 

Bethef  ha«  thrown  some  doubt  upon  this  view,  for  he  has 
shown  apparently  that  in  young  mammals  (eight  days  to  eight 
weeks)  the  regeneration  of  the  tilxTS  in  the  peripheral  slump  does 
not  stop  at  the  stage  of  "band  fibers,"  but  progresse.s  until  per- 
fectly normal  nerve  fibers  are  produced,  even  though  no  connection 
is  made  with  the  central  stump.  It  should  I>e  added,  however, 
that  the  fibers  so  formed  do  not  persii^t  indefinitely  unless  they 
become  connected  with  the  central  stump.  If  this  connection  fails 
to  take  place  the  newly  formed  fibers  will  degenerate  after  an 
interval  of  some  months.  Still,  the  fact,  if  true,  that  in  the  young 
fiber  the  regeneration  is  complete  seems  to  indicate  definitely  that 
the  axis  cylinder  may  arise  independently  of  the  fibers  In  the  central 
stump. 

Whether  or  not  Bethe's  obser\'ations  upon  the  autoregcneration  of  the 
axis  cyUnilers  in  the  severed  nervi'-s  of  young  auiniuls  can  be  ucccptt-ni  is  at 
present  uncertain.  Some  authors  have  confirmed  his  rcHiilts,  otliors  ilony 
their  accuracy.  (For  discussion  with  references,  see  Barker,  The  Neurons  in 
the  Har\ey  'Lectures.  1905-06,  Pliiladelphia,  UKMi ;  alao  Journal  of  the 
American  Medical  Assoc.,  190*i,  and  the  Neuron  Theorj*.  Stcfanowska, 
Journal  de  Nmirologie.   190C,  Noh.    lt^-19.) 

The  power  of  regeneration  in  the  older  animals  is  moie  limited 
and  carries  the  fiber  only  to  the  stage  of  the  "  band  filler."  If  unth-r 
the  influence  of  the  central  stump  nn  axis  cylimler  and  myelin  sheath 
are  now  formed  in  this  baud  fil>er  it  is  possible  that  this  result 
is  due  to  local  processes  in  the  band  fiber  stimulated  by  nutritive 
influences  of  some  kind  from  the  central  stump,  or  more  probably 
there  is  an  actual  downgrowth  of  the  axis  cylinders  from  the  central 
ends. 

*  Bethe,  '*  AUgcmeine  Auat.  u.  Pliynologie  des  Nervensy sterna/'  1903. 
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Degenerative  Changes  in  the  Neuron  on  the  Central  Side 
of  the  Lesion. — Arcordinji  to  the  Walleriuii  law  of  ilcfrrneMation. 
as  oriKinnlly  stat<^l.  the  nerve  fil>er  on  the  <'entral  side  of  the  injury 
ami  ilie  nerve  t-ell  it^^If  do  not  iin<lerjio  any  change.  A.s  a  mutter 
of  fact,  the  central  stump  inmu»<liately  i-ontipious  to  the  lotion 
underjcoes  typical  deireneratioii  ami  re^tMHTatioij  similar  to  that 
<Jes<Tiljeil  for  the  filx?rs  of  the  peripheral  stump.  The  immediate 
dogeueraiivG  changes  in  the  fil^i-s  in  the  central  slump  were  saipposed 
to  extenci  hack  only  to  the  firsst  node  of  Hanvier.— to  ufTecl.  there- 
fore, only  the  intemfHlal  seement  actually  injured.  hatiM*  il  was 
md  that  tiie  detreneration  may  extend  l-ack  over  a  distance  of 

!venil  intemodal  sepments.  This  limited  degeneration  on  the 
central  side  must  be  consideretl  as  traumatic. — that  is.  it  involves 
^giily  those  portions   directly   injui-ed   by  the  lesion.     The  central 

id  of  the  fiber  in  genenil  vsu8  supposed  to  rt*main  intact  as  long 
as  it*  cell  of  origin  wiw  normal.  It  was  thought  al  Hi-^t  that  after 
simple  section  of  a  ner\'e  trunk,  in  amputation,  for  ingtance.  the 
nerve  cells  and  central  stumps  remain  normal  throughout  the  life 
of  the  individual.  Pickin^on.  however,  in  1S6?)  ♦  showwi  that  in 
iputtttions  of  long  standing  the  motor  cellf  in  the  mitenor  hf)m 
of  the  cord  decrease  in  number  and  the  fibers  in  the  central  stump 
liecome  atrophieil.  Thia  ol»6er\ation  has  lieen  corrol>orated  by 
other  obBer\'ers.  and  it  is  now  Ijelieved  that  after  section  of  a  nerve 
rhnmic  degenerative  changes  ensue  hi  the  course  of  time  in  the 
central  fil)(»rs  and  their  cells,  ix'sulting  in  their  permanent  atniphy. 
We  have,  in  such  cases,  what  has  been  called  an  atrophy  from 
disuse.  A  fact  that  has  l)een  discovered  more  recently  ;mil  that 
is  perhaps  of  more  imfwrlance  is  that  the  ner\'e  ceils  i\n  undergo 
certain  definite  although  usually  temporary'  changes  immciiiately 
after  the  .set-tion  of  the  nerve  fiV»ers  arising  from  them.  It  has  lieen 
riKiwn  that  when  a  nerve  is  cut  the  corresponding  cells  of  origin 
may  show  distinct  histological  changes  within  the  first  twenty-four 
hours.  These  changes  consist  in  a  circumscribed  destruction  of 
the  chromatin  material  in  the  cells  (chrtmiatolysisi,  which  in  a 
tAwri  time  extends  over  the  whole  cell,  so  thai  the  primarj'  staining 
power  of  the  cell  is  lost  (condition  of  achromat-osis)  (see  Fig.  58). 
The  cell  also  liei-ome.-*  swolleji  and  the  nucleus  may  assume  an 
excentric  pof^itiim.  These  retrogressive  changes  continue  for  a 
certain  perirRl  (about  eighteen  days).  After  reaching  their  maxi- 
nnim  of  intensity  the  <*ells  usually  undergo  a  prot-ess  of  restitution 
and  regain  their  normal  appearance,  although  in  some  cases  the 
tle^nerntion  is  permanent.  According  to  other  observei-s  a  numt)er 
of  the  celb*  in  the  .spinal  cord  and  spinal  ganglia  undergo  simple 
atrophy  after  section  of  their  corresponrling  nerves,  and  some  of 
•"Journal  of  Anatomy  and  Physiolog)',"  3.  176,  1869. 
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i&e  nerve  fibers  in  the  central  stumps  may  also  show  atrophy, 
-mhiit  othera  undergo  a  genuine  degeneration,  which,  however, 
twasts  on  much  later  than  in  the  peripheral  stumps.  It  seems 
evident  that  the  behavior  of  the  celb  and  fibers  on  the  central  side 
ai  the  j^ection  is  not  uniform:  atrophy  rather  than  degeneration  is 
Yfae  change  that  in  prominent,  and  this  atrophy  in  some  neurons 
'j^r^ire  early,  while  in  others  it  is  apparent  only  after  a  long  interval 
of  time.  An  explanation  of  this  variation  in  the  reaction  of  the 
MTve  celb  and  their  disconnected  central  stumps  cannot  yet  be 
ipven.  On  the  peripheral  side  of  the  section,  as  stated  above,  the  de- 
generative changes  are  complete  and  affect  all  of  the  fibers.* 

*XL»1.  *  .\llgemeine  Zettfichrift  f.  Psycfaiatrie."  48.  197.  1892.  Also 
B«tfM^.  loc.  ni..  and  Ranson.  "RetrografJ^  Deeeneration  in  the  Spinal  Nerves," 
Tbifr  JoRimal  o(  Comparative  Neurology  and  Psyt;hology,  1906.  xvi..  265. 
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STRUCTURE  AND  GENERAL  PROPERTIES  OF  THE 
NERVE  CELL, 

The  Ifeuron  Doctrine. — Since  the  last  decade  of  the  nineteenth 
centurj'  the  physiology  of  the  nervous  system  has  been  treated 
from  the  standpoint  of  the  neuron.  According  to  this  point  of 
view,  the  entire  nervous  system  is  made  up  of  a  scries  of  units, 
the  neurons,  wliieh  are  not  anat4>mically  continuous  with  each 
other,  but  communicate  by  contact  only.  It  him  Imh^u  taught  also 
that  each  neuron  represents  from  an  anatomical  and  physiological 
standpoint  a  single  nerve  cell.  Tlie  typical  neuron  consists  of 
a  cell  body  with  short,  branching  processes,  the  dendrites,  and  a 
single  axis  cylinder  process,  the  axon  or  axite,  which  becomes  a 
nerve  fiber,  acquiring  its  myelin  sheath  at  some  distance  from  the 
eelL  According  to  this  \'iew,  the  f>eriplierai  nerA'e  fibers  are  simply 
long  processes  from  ner\'o  cells.  Within  the  cciitral  ner\-ous  system 
each  neuron  connects  with  others  according  to  a  certain  schema. 
The  axon  of  each  neuron  ends  in  a  more  or  less  branched  '*  terminal 
arborization,"  forming  a  sort  of  end-plate  which  lies  in  contact 
with  the  dendrites  of  another  neuron,  or  in  some  ca.<»es  with  the 
body  of  the  cell  itself,  the  essentially  modem  point  of  view  being 
that  where  the  terminal  arborization  of  the  axon  meets  the  dendrites 
or  boily  of  another  neuron  the  communication  is  by  contact,  the 
neurons  being  anatomically  independent  units.  It  is  usually  ac- 
cepted also  as  a  part  of  the  neuron  doctrine  that  the  conduction 
of  a  nerN'e  impulse  through  a  neuron  is  always  in  one  direction, 
that  the  dendrites  are  recei\'ing  organs,  so  to  speak,  recei\'ing  a 
stimulus  or  impulse  from  the  axon  of  another  unit  and  conveying 
tMfl  impulse  toward  the  cell  body,  while  the  axon  is  a  discharging 
process  through  M-hich  an  impulse  is  sent  out  fn^m  the  cell  to  reach 
Aooiher  neuron  or  a  cell  of  some  other  tissue.    The  neuron,  so 
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far  as  conduction  is  concerned,  shows  a  definite  polarit)',  the  con- 
duction in  the  dendrites  being  cellulipetal,  in  the  axons,  cellulifugal. 

Tbs  neuron  doctrine,  so  far  an  the  name  at  least  is  concerned,  dates  froni 
m  gcnend  i)aper  l»y  Walileyer,*  in  which  tlie  newer  work  up  to  tliut  time  was 
summarixed.  The  main  facts  upon  which  the  concejition  rests  were  fumisiied 
by  Hi*  (1886),  to  whom  we  owe  the  Renerallv  accepted  Ijelief  that  the  iier\e 
filler  (axis  cylnider)  U  au  out^owth  from  tlie  cell,  iind  se<*ondly  hy  (^lolgi, 
Cajai,  and  a  host  of  other  workers,  who,  by  means  of  l!»e  new  method  of  Golpi, 
demonstrated  the  wealth  of  branches  of  the  nerA^e  celU,  particularly  of  the 
dendrite*,  and  the  mode  of  connection  of  one  nerve  unit  with  another.  Tlie 
view  tiiat  these  unite  are  anatomically  independent  and  on  the  embryological 


FIc  M. — Motor  ceD,  anterior  horn  of  cray  matter  of  cord.     From  human  fetufl  iLenko^ 
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mftricB  UM  axoo;    the  other  brutchea  are  dendrites. 


ride  are  derived  each  from  a  Kingle  epiblastic  cell  fneuroblast)  lia«  proved 
acceptable  and  most  lielpful;  but  the  validity  of  tliis  hypothesis  has  been 
called  into  question.  As  was  stated  on  p.  120.  Bcthc  has  claimed  that  in 
yotmg  animals  the  nuclei  of  the  ncurilcmmal  sheath  may  regenerate  n  new 
nerve  fiber  containing  axis  cylimier  nnii  myelin  sheath,  and  this  fact,  if  true, 
at  once  brings  inl.o  ijuoftion  the  liitlicrto  accepted  belief  lliat  the  ajtia  cylin- 
der can  be  formed  only  as  an  outgrtiv^  th  frum  u  nerve  cell.  Some  histolo^Bla — 
Apathy,  Bethe,  NisaT—havo  also  nttivcke<l  the  most  fundamental  feature  of 
the  neuron  doctrine, — the  view,  namely,  that  each  neuron  n'prejient»  an  inde- 
pendent anatomical  element.  These  authors  contend  that  the  neurofibriU  of 
the  axia  cylinder  pass  through  the  nerve  cells  and  entex  by  way  of  a  network 
into  direct  connection  with  the  neurofibrils  of  other  neurons  (see  Fig.  59). 
*"  Deut.  med.  Wochenschrift/*  1891,  p.  50. 


^ 
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TIm  neurotibriU  fona  a  coittiiuium  tliruugh  which  nerve  impul^^eif  pa.-v  without 
«  bre»k  from  iieiirou  to  iieiirou.  Accuriliiig  tu  this  cuiu'Option,  the  gaiigiiuri 
cem  play  no  tlirect  purt  iii  llie  couductiuii  uf  the  impulse  frum  one  part  ot  the 
narvous  Hyjst«m  to  another;  the  nourolibnls  uloue,  aitj  the  iutruccUular 
A.til  perirdluJuiT  network-*  wltli  wliicli  thoy  coiiiLOct,  fonn  tlie  ruuductijiK 
fittth.<4  that  are  evoo'^^'l**"^  »"  continuity.  In  the  expUuuitiou  given  liclow 
of  the  wtivilie*  of  the  nen'ou-*  sy*leiii  tlw  author,  foUowijig  the  u.'^ual  cus- 
tom, make*  u:*e  of  the  neuron  doctrine,  eiliifo  it  Ls  at  present  imix>»*»iljle  to 
say  wiicther  or  not  the  newer  view^  uf  tlie  continuum  of  nourofil.riU  uill  \tc- 
c<inrul»rute.l,  Wliile  tlie  physinlopf  U  fuels  remain  tlie  ssame  whichever  view 
prevaiU,  there  can  he  mi  litiufit  tluit  ll»e  itoint  of  view  of  the  phyjiiolojfist 
-would  be  greutly  chauicei  if  tlie  pre^nt  simple  conception  nf  a  Kcrien  of  neu- 
rons of  a  defiiute  polarity  as  roganls  contluction  were  replaced  by  the  more 
complex  «:liemti  of  independent  neurofibrils  and  a  central  reticulum  in  which 
a  b«3M  for  |)olarity  and  de&nite  patlt:^  of  condu<aion  is  lucking. 

The  Varieties  of  Neurons. — The  neurons  differ  greatly  in 
stse,  3hai)e,  ami  ititemal  stnirtiirp,  and  it  is  imiJossible  to  classifv 
them  with  entire  sucress  from  either  a  physiolo^cal  or  an  anatomical 
Ktan4lix)int.  Neglecting  the  nnuHiial  forma  whose  o<"currence  is 
limiUxi  and  whose  stnicture  is  perhaj)a  ineomplf'tely  knoA\'n,  there 
ape  three  distinct  typos  whosi^  form  and  stnietvire  throw  some 
light  on  their  functional  significance: 

I.  The  bipolar  cells.  This  cell  is  found  in  the  dorsal  root  gan- 
glia  of  the  spinal  nerves  and  in  the  ganglia  attached  to  the  sensory 
fillers  of  the  cranial  ner\*es,  the  ganglion  semihinarc  (flasserian) 
for  the  fifth  cranial,  the  g.  geniculi  for  the  seventh,  the  g.  veslibu- 
lare  ami  g.  spirale  for  the  eighth,  the  g.  superius  and  g.  petrosum 
for  the  ninth,  the  g.  jugulare  and  g.  nodosiim  for  the  tenth. 

The  typiral  cell  of  this  group  is  found  in  the  dorsal  root  ganglia. 
In  the  adult  the  two  proceases  arise  as  one,  so  that  the  cell  seems  to 
be  unipolar,  but  at  some  distance  from  the  cell  this  process  divides 
In  T,  one  branch  passing  into  the  spinal  cord  via  the  post^^rior 
root,  the  other  entering  the  spinal  nen'e  as  a  sensory  nen'e  fiber 
to  be  distributed  to  some  sensory  surface.  Both  processes  become 
mcflullated  and  form  typical  nerve  fibers.  That  these  apparently 
unipolar  cells  are  really  bipolar  is  shown  not  only  by  this  division 
into  two  distinct  fibers,  but  also  by  a  study  of  their  development 
in  the  embr>'o.  In  early  emhr\'onic  life  the  two  processes  arise 
from  different  poles  of  the  cell,  and  later  become  fused  into  an  afv 
parently  simple  process  (Fig.  55).  The  striking  characteristics  of 
this  cell,  therefore,  are  that  it  gives  rise  to  two  nerve  fil>ers.  and  that 
It  possesses  no  dendritic  processes.  On  the  physiological  side  these 
oella  might  be  designated  aa  sensorv^  cells,  since  they  ap})ear  to  be 
ftanociated  always  with  sensory  ner\'e  filjera.  tSo  far  as  the  sensory 
fibers  of  the  spinal  antl  cranial  ner^'es  are  concerned,  it  is  worth 
ooting  also  that  all  of  them  arise  from  cells  lying  outside  the  main 

•  For  dijicuMion.  «•*?  Barki.'r,  "Journal  of  the  American  Medical  Aasocia- 
tion,"  1906,  and  Stefonowska,  "Journal  dc  Neurologie,"  UK)6,  Nos.  16-19. 
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axis  of  the  central  nenous  Bvstem.  The  senson-  impulses  brought 
to  the  cell  by  the  process  arising  in  the  peripheral  tissue  doubtless 
pass  into  the  body  of  the  cell  before  entering  the  process  that 
leads  to  the  cord  or  brain, — that  is,  it  is  not  probabli*  that  the  im- 
pulse pusses  from  one  process  to  the  other  at  the  T  junction,  since 
the  really  condticting  elements  in  the  axis  cylinder,  the  neurofibrils, 
are  not  in  connection  at  this  point,  but  end  in  the  network  or  retic- 
uhitn  of  the  cell  itself. 

IT.  The  multipolar  cells.  The  processes  of  these  cells  fall  into 
two  groups:  the  siiorfc  and  branching  dendrites  "ftith  an  inner 
structure  resembling  that  of  the  cell  body,  and  the  axon  or  axis 
cylinder  process  (Fig.  54).  According  to  the  structure  of  this  last 
process,  this  type  may  be  classified  under  two  heads:  Golgi  cells  oi 


He.  55. — Bipolar  cells  in  the  pooterior  root  Kanglion.    Section  throufih  spinal 
guoQ  oi  uflwtxim  mouw  {LmhfMttk):  a.  The  spinnl  ganglion;  6*  the  aptnol  eond;   c. 


postcnor,  df  the  aiiteriur  root. 


the  first  and  the  second  type.  The  cells  of  the  first  t>'pe  are  charac- 
terized by  the  fact  that  the  axon  leaves  the  central  gray  matter  and 
becomes  a  nerve  filx^r.  This  nerve  fiber  within  the  central  ner\'0U8 
8>'st^m  may  give  off  numerous  collaterals,  each  of  which  ends  in  a 
terminal  arborization.  By  this  means  the  neurons  of  this  type  may 
be  brought  into  physiological  connection  with  a  nimilxr  of  other  neu- 
rons. This  kind  of  ner\-c  cell  is  frequently  described  as  the  tj-pical 
ner\-e  cell.  CJolgi  supposed  that  it  represents  the  motor  type  of  cell, 
and  this  ^lew  ir.  in  a  measure,  borne  out  by  subsequent  investiga- 
tion. The  distinctly  motor  cells  of  the  central  ner\-o\is  system — 
such,  for  instance,  as  the  pyramidal  cells  of  the  cerebral  cortex,  the 
anterior  horn  cells  of  the  spinal  cord,  the  Purkinje  cells  of  the 
cerebellum — all  belong  to  this  type.     Bvit  within  the  nerve  axis 
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of  the  conduction  from  neuron  to  neuron,  along  sensory  aa 
well  as  motor  paths,  is  made  with  the  aid  of  such  structures,  the 
dendrites  being  the  receptive  or  sensorx-  organ  and  the  axon  the 
motor  apparatus. 

The  Oolgi  cells  of  the  second  type  (Fig.  56)  are  relativclj''  less 
numerous  and  imixirtant.  They  are  characterized  by  the  fact  that 
the  ftxnn  process  instead  of 
forming  a  nerve  fiber  splits 
into  a  great  number  of 
branches  \vithin  the  gray 
mfttter.  Assuming  that  in 
such  cells  the  distinction  be- 
tween the  axon  and  the  den- 
drites is  well  made  and  that 
&8  in  the  other  type  the 
dendrites  form  the  receiving 
and  the  axon  the  discharging 
apparatus,  these  cells  would 
seem  to  have  a  distributive 
function.  The  impulse  that 
they  receive  may  be   trans- 


/  " 


Fig.  56. — <^Ijp  cell  (sttoond  type). 
Tte  mmau,  a,  dividea  into  •  number  of 


Fif.  57.  ^-Normkl  unlerior  hon»  eell 
iWArrintion),  Mfaowinitba  Niwd  sruiules  in  the 
cell  •nd  deuuhtoa:  a.  The  axun. 


mitted  to  one  or  many  neurons.    They  are  sometimes  spoken  of  as 
intermediate  or  association  cells. 

Internal  Structure  of  the  Nerve  Cell.— Within  the  body  of 
ihe  nerve  cell  itself  the  Ptriliin<r  features  of  physiological  signih- 
cance  are.  first,  the  arrangement  of  the  neurofibrils,  and,  second,  the 


raiuuuicY  or  cxvtbal  xcamr^  sTEnnr. 


flf  a  naienftl  in  the  form  of  gnuuiles,  rock,  or  ni 

vm^fy  with  Uie  boae  Bu3m  dyes,  such  as  methylene 
Une,  thinnin,  or  t4jtaidm  bhae.  TUs  Istter  wihrtunce  is  i^poken  of 
AS  the  '^  duDiDophile  substoDee,"  tigroid^  or  morv  frequently  as 
XW0  gmsnlMf  after  the  bistokigist  who  fiist  studied  it  success^ 
Mfy.  These  manes  or  gramdes  are  foiukd  in  the  dendrites  as  well 
M  in  the  oeH,  but  are  absent  from  the  axon  (see  Fie.  57).  LittJe  b 
known  of  their  compodtion  or  ^gnificance,  but  their  presence  or  ab- 
aenee  is  tn  many  cases  characteristic  of  the  physiological  coudiiion 
of  the  oefl.  After  lesions  or  injuries  of  the  neuron  the  material  may 
beeome  <fiaaohred  and  diffused  through  the  cell  or  may  decrease  in 
or  disappear,  and  it  seems  probable,  therefore,  that  it  repre- 
a  store  of  nutritive  material  (Fig.  58).  The  non-staining 
material  of  the  cell,  according  to  most  recent  ob£er\'er?,  contains 
neurotibrila  which  are  continued  out  into  the  processes,  dendrites  as 


Fif,  W. — Anterior  hom  «II  frnirtmn  dan  after  mction  of  the  anterior  root  (B*<irnn(f- 
|o«):  To  chow  the  cliouice  in  the  nucleus  and  ihe  Nud  Kranul«<,  beipnninK  cbroiiia.lolv«u. 


well  as  axons.  The.%  fibrils  may  \ye  regarde<i  as  the  conducting 
stmcture  along  which  passes  the  nerve  impulse.  The  arrangenient 
of  thew  fibrila  within  the  cell  Ls  not  completely  known,  the  results 
obtained  var>'iug  with  the  methotis  employed.  A  matter  of  far- 
reaching  importance  on  the  ph}*siologicaI  side  is  the  question  of 
the  existence  of  an  extracellular  ner\ous  network.  Most  recent 
bifitologiHtM  agree  in  the  belief  that  there  Ls  a  delicate  network 
surrounding  the  cells  and  their  protoplasmic  processes.  This 
pericellular  net  or  CJolgi's  net  is  clauued  by  some  to  be  a  ner- 
vous structure  connecting  with  the  neurofibril^  inside  the  cell 
and  forming  not  only  a  bond  of  uniim  between  the  neurons,  but 
possibly  also  an  important  intercelhiliir  nervous  structure  that 
may  play  an  important  rtlle  in  the  fimctioas  of  the  nerve  centere, 
This  view  is  reprpsenteil  Hchematically  in  I-'ig.  59.  Accoriiing  to 
othen*,  this  network  around  anrl  outside  the  cells  is  a  supporting 
tissue  simply  tliat  takes  no  part  in  the  activity  of  the  ner\'e  imits. 
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General  Physiology  of  the  Nerve  Cell.— .Modem  physiologists 
have  coiisidoreil  the  cell  body  of  the  ueuron,  including  the  den- 
drit4*t?,as  the  source  of  theeuei^'  displayed  by  the  nervous  .system, 
and  it  lias  l>eon  Uiwuiiied  that  thLs  energ>*  arises  from  chemical 
changes  in  the  aer\'e  cell,  as  the  encrg\'  liberated  by  the  muscle 
fttises  from  the  chemical  changes  in  its  substance.  It  would  follow 
from  this  standpoint  tliat  e\idcnces  of  chemical  activity  should  be 
obtained  from  the  cells  and  that  these  elements  should  exhibit  the 
phenomenon  of  fatigue.  Regar(hng  this  latter  point,  it  is  Ijelieved 
in  physiology  that  the  ner\'e  cells  fatigue  readily.  The  nerve 
oenlcre  show  fatigue  as  the  residt  of  continuous  activity,  as  b  evident 
from  our  pers<inal  exprricnre  in  prolonged  intellectual  or  emo- 
tional activity  and  as  is  iinplit^d  in  the  necessity  of  sleep  for  re- 


FUt-  'W. — Brtbf'«  *rbemA  lo  m<Iicat*  the  connections  of  the  perioellulAr  network: 
Ak,  A  Mvuur^  call  in  ttu»  pirtierior  nxit  oaiiiiliMi ;  ttic  fibrils  in  the  brunch  thai  runs  to  cIm 
•nnl  mtm  in)licBt«fl  «•  c-iinnrctinK  'linfrtiy  with  the  pencwllular  n«iworl(  of  the  motor  cdii^ 


cijperation  and  the  rapitlity  with  which  functional  activity  is  lost 
on  witlidrawal  of  the  blcKxl  ripply,  (.objectively,  also,  it  has  been 
fihown  m  the  ergographic  ex{x*riinents  (see  p.  45)  that  the  wcll- 
kno^k'n  fatigue  of  the  neurtmiuscular  apf>aratus  possibly  affects 
Uie  nerve  cent<.»rs  as  well  as  the  muscle.  Assuming  that  the  nerve 
cells  are  the  effective  agent  in  the  nerve  centers,  such  facts  indicate 
that  they  are  susceptible  to  fatigue.  But  we  have  no  very  direct 
prcKjf  that  this  property  is  possessed  tmiversally  by  the  nerve  cells 
nor  any  indication  of  the  probable  differences  in  this  regard  sliown 
by  nerve  cells  in  different  parts  of  the  central  ncrvotjs  system. 
It  seems  probal)lc  that  under  normal  conditions — that  is.  under 
tbe  influence  nf  what  we  may  call  minimal  stimidi — some  portions 
of  the  nerve  centers  remain  in  more  or  less  constant  activity  during 


PHYSrOLOGY  OF  CE>rTRAL  NERVOUS  SYSTEM. 


the  day  without  t^howing  a  marked  degree  of  fatigue,  just  as  our 
muscles  reniain  in  a  more  or  le.sa  continuous  state  of  tonic  con- 
traction throughout  the  waking  j>eriod  at  leant.  Doubtless  when 
the  stimulation  Ls  stronger  the  fatigue  Ls  more  marked,  because  the 
processes  of  repair  in  the  nerve  centers  can  not  then  keep  pace 
with  the  processes  of  consumption  of  inaterial.  Evidence  of  a 
probable  cliemical  change  in  the  nerve  cells  during  activity  is  found 
also  in  the  readiness  with  which  the  gray  matter  of  the  nervous 
syHtem  takes  on  an  acid  reaction.*  In  the  fresh  resting  state  it 
is  probalily  alkaline  or  neutral,  l)ut  after  death  it  quickly  shows  an 
acid  reaction,  due,  it  is  said,  to  the  production  of  lactic  acid.  lt« 
iTsemblance  to  the  muscle  in  this  respect  leads  l-o  the  inference 
that  in  functional  activity  acid  is  also  produced.  Mosso  states 
that  in  tlie  brain  increased  niontal  activity  is  accompanied  by  a 
rLse  in  the  tenip**rature  of  t!ic  brain. f  His  cxiKriincnts  were  made 
U|H:>n  indiviiluals  with  an  t^jjening  in  the  wkull  thnnigh  which  a 
delicate  tlicnnoiueler  could  be  in.'^erted  tso  as  to  lie  in  contact  with 
bniin.  .Sf^  also  the  facts  briefly  mentioned  in  regarei  to  the  \issl 
granules  give  some  corn>lK>rativc  evidence  that  the  acti\ity  of 
the  nervous  system  is  accompanied  by  and  probably  caused  by 
a  chemical  change  within  the  cells,  since  the  excessive  acti\'ity  of 
the  nerve  cdls  seems  to  be  acconij»anicd  by  some  clrnnge  in  these 
granules^  and  in  ai>nom)al  conditions  associated  with  loss  of  func- 
tional activity  the  granules  undergo  chromatolysLs,— that  is,  they 
are  disintegrated  and  dissolved.  (Obvious  histological  changes  which 
imi)ly,  of  course,  a  change  in  chemical  structure^  have  been  obsen'ed 
by  a  number  of  investigators. J  All  seem  to  agree  that  activity  of 
the  tissue,  whether  normal  or  induced  by  artificial  stimulation, 
may  cause  visible  changes  in  the  appearance  of  the  cell  and  it« 
nucleus.  Activity  within  nonnal  linnts  may  cause  an  increase  in 
the  size  of  the  cell  together  witli  a  diminution  in  the  stainable 
(Ni.ssl)  sul>stance,  and  excessive  activity  a  diminution  in  size  of  the 
cell  and  the  nucleus,  the  formation  of  vacuoles  in  the  cell  body, 
and  a  marketl  effect  upon  the  stainable  material.  Hodge  has 
shown  that  in  birds,  for  instance,  the  spinal  ganglion  cells  of  a 
swallow  killed  at  nightfall  after  a  day  of  activity  exhibit  a  marked 
loss  (jf  substance  as  compared  with  similar  cells  from  an  animal 
killed  in  the  early  morning  (Fig.  60). 

It  must  be  remembered,  however,  that  our  knowledge  of  the 
nature  of  the  chemical  changes  that  occur  in  the  cell  during  activity 
is  verj'  meager.     Presumably  carbon  dioxid  and  lactic  aci<i  are 

*  IjmgeudorfT,  "Contralhl.  f.  d.  nieil  WUs."  IS86.  Srt»  also  Halliburton, 
'*The  Cmoniim  L«ecturcs  un  The  rhemical  Side  of  Nervous  Acli\'ily, "  I90I. 

t  Mosso,  "  Die  Tem|*eratur  dfs  (JeliirnH.  "  IS1)4. 

i  See  especially  Hodge,  "Journal  of  Morphology,"  7,  95,  1892,  an<I 
9,  1,  1894. 
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formed  as  in  muscle,  and  we  know  that  oxygen  hs  consumed. 
EInough  is  known  perhaps  to  justify  the  general  view  that  the  energy 
exhibited  by  the  ner\'ous  system  is  deri\ed,  in  the  long  run,  from 
a  metulxjUsm  of  material  in  tlie  nerve  cells,  a  nietaholLsni  which 
consiiits  essentially  in  the  splitting  and  oxidation  of  the  complex 
substances  in  the  protoplasm  of  the  cell. 

Stinxmatioo  of  the  Effects  of  Stimuli. — In  a  muscle  a  series 
of  stimuli  will  cause  a  gn^ater  amount  of  shorletiing  than  can  be 
obtaineil  from  a  single  stimulus  of  the  same  strength.  In  this  case 
the  effects  of  the  stimuli  are  s-ummated,  one  contraction  taking 
place  on  top  of  another,  or  to  put  it  in  another  way,  the  muscle 
while  in  a  condition  of  contraction  from  one  stimulus  h  made  to 
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. — spina)  guigUon  oells  from  l^dinh  Rparrowit.  to  show  the  d&ily  variAtlon  in 

_  _iie«  of  the  ceUa  dtw  lo  normrJ  uct(^-ity:   A.  Appraranoa  of  oella  at  the  end  of 

dfty :  B,  ftppMnukoe  of  oetU  in  tho  niurrrinc  art«r  a  nioht's  rest.    The  oytoplium 

ith  elcmr,  lenticular  mawea,  whirh  are  much  loors  evident  In  the  mted  celbi  than 

fmtigiKod.—iHodoe.) 

contract  still  more  by  the  foIIo\ving  stimulus.  In  the  ner%''c  fiber 
Buch  a  phenomenon  has  not  been  flenionstrated.  The  strength  of 
the  nen'e  impulse  can  1k»  detennined  only  by  means  of  tho  effect 
on  the  end-oi^n. — e.  g.^  the  muscle, — in  which  case  the  properties 
of  the  end-organ  must  l>c  taken  into  account,  or  by  the  aid  of  the 
electrical  response.  Now,  when  a  nerve  is  stimulated  so  rapidly 
that  the  second  stimulus  falls  into  the  nerve  before  the  electrical 
change  due  to  the  first  stimulus  hfis  passed  off,  the  second  stimulus, 
felBtcaii  of  adding  its  effect  to  that  of  the  first,  simply  has  no  effect 
si  all;  it  6nds  the  ner\'e  unirritable.*  According  to  this  residt, 
we  should  cxpcr*,  that  a  summation  of  the  effects  of  rapidly 
~  •GoUh  aud  Burch,  "Journal  of  Phyuiology,"  24,  410,  1890. 
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fc)IInuiiig  stitnuli  is  not  possible  in  the  case  of  the  ncr\'e  fiber. 
Jii  Uie  nerve  cell,  on  the  contmry,  it  is  usually  t4iught  that  the 
I>ower  of  summation  is  a  cluiracteriHtic  property,  although  it 
may  be  said  that  the  proofs  for  this  belief  are  not  ver>'  direct. 
It  is  pointed  out  that,  while  a  single  .stimulus  applied  to  a  senson* 
nen-e  may  l>e  ineffertive  in  producing  a  reflex  ivajMnse  from  the 
central  nervous  system,  a  series  of  such  ntimuli  %viU  call  forth  a 
n^aetion.  In  this  case  it  is  assimied  I  hat  the  effefls  of  the  suc- 
ceeding stimuli  are  ^ummated  -within  the  ner\-e  cells  through  which 
the  reflex  lakes  placc^  and,  gcnemlly  six*aking,  it  is  assumed  in 
physiology  that  the  nen'e  centers  are  adapted  by  their  power  of 
summation  to  respond  to  a  scries  of  stimuli  or  to  continuous  stimu- 
lation. Tlie  l)e,st  examj>le.s  of  this  kind  of  action  are  obtamed 
jierhaps  from  seiLson'  nerAcs,  in  whicli  ease  we  judge  of  the  intensity 
of  the  cell  activity  by  the  eoncomitaut  sensation,  or  by  a  reflex 
response. 

Response  of  the  Kerve  Cell  to  Varying  Rates  of  Stimula- 
tion.— The  various  parts  of  tlie  neuromuscular  apparatu.s — 
namely,  the  nerve  cell,  the  ner\*e  fiber,  and  the  muscle  fiber — have 
different  degrees  of  respoasivcness  to  repeated  stimuli,  and  this 
responsiveness  varies,  moreover,  for  the  different  kinds  of  mus- 
cles and  of  nerve  fibers,  and,  probably  for  the  different  kimb 
of  nerve  cells.  The  motor  cells  of  the  brain  discharge  their 
motor  impulses  nonnally  at  a  rate  probably  of  about  10  per  .second 
(see  p.  44^  and  it  is  very-  interesting  to  find  that,  if  these  celLs 
are  stimulated  artificially,  their  rate  of  motor  discharge  docs  not 
keep  pace  with  tliat  of  the  stimulation  employed,  but  occurs  at 
about  the  same  rate  as  the  normal, — namely,  at  al»out  10  per 
second.  Thus,  Horsier  and  Schafer*  found  that  in  monkeys,  dogs, 
cats,  and  rabbits,  stimulation  of  the  motor  regions  of  the  cortex 
or  the  motor  cells  in  the  cord  gave  tetanic  muscular  contractions, 
which  from  thoir  graphic  records  were  evidently  composed  of 
simple  contractions  following  at  an  average  rate  of  10  ]>er  second, 
although  the  stimuli  applied  to  the  center  might  van,'  in  rale  from 
10  to  50  per  second.  Similar  results  by  a  somewhat  different 
method  were  obtained  by  Broca  and  Richet.f  These  authors  point 
out,  moreover,  that  no  mental  act  can  be  repeated  more  rapidly 
(on  the  average)  than  10  times  per  second.  If  one,  for  instance, 
attempts  to  think  a  series  of  sA-^lJables  or  words  in  a  given  phrase 
the  maximum  of  rapidity  with  which  e^ch  syllable  can  be  clearly 
thought  la  at  the  rate  named.  The  authors  last  named  believe, 
therefore,  that  the  minunal  duration  for  an  intellectual  act  is 
probablj'  approximately  about  -^  of  a  second.    These  facts,  so 


♦  Horwiey  and  Sclmfer.  "  Journal  of  Physiology,"  7,  9«.  1886. 

t  Broca  and  Ruliet,  "Journal  de  physiol.  norm,  et  pathoI.,"  1897, 
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far  as  they  go,  would  indicate  that  in  the  cerebrum  and  the  cord 
the  nerve  coUs  react  wiili  a  cortuln  rhvtlwn. 

The  Refractory  Period  of  the  Nerve  Cell. — The  pecuiiiir 
rbx-thm  of  tlie  active  ner\'e  cell  just  referred  to  in  the  pam- 
graph  above  Is  explained  most  satisfactorily  by  an  assumption 
fir-t  used  in  connection  with  the  rhythmical  beat  of  the  heart.  As 
will  be  explained  more  fully  in  the  section  on  the  physiologj*  of 
ihe  heart,  it  lias  boon  found  that  after  the  contraction  of  the 
heart  be^as  it  b  unirritable  to  artificial  stimuli,  and  that  its 
irritability  is  recovered  during  the  period  of  rest,— the  diastole. 
The  heart  has,  therefore,  alternate  jK'riods  of  irritabiUt)-  and 
unirritahility.  The  latter  phase,  the  condition  in  whicli  the  heart 
mu.sclc  will  not  respond  to  hlunulation,  is  known  as  the  refractory 
period,  or  refractory  pluise.  A  similar  conception  h;us  l^een  applied 
l<i  the  ner\*e  cell.  The  experiments  cited  in  the  preceding  para- 
graph ^ould  indicate  that,  after  the  discharge  of  an  impulse,  the 
cell  fulL«  into  a  refractoiy  phase  for  a  perioil  of  tim?  lasting  about 
0.1  sec.  The  idea  is  a  convenient  one,  although  we  have  no  explana- 
tion of  what  Ls  the  imme<liate  cause  of  this  lemporan,'  los*;  of  irrita- 
bility. Rea.soning  from  analogy  with  the  muscle,  we  might  suppose 
that  it  is  due  to  sc»me  prtMluct  of  the  chemical  reaction  that  is 
awumed  to  underlie  nervous  activity.  Using  this  terminology, 
it  is  probable  that  the  cells  in  difFerent  parts  of  the  nervous  system 
may  have  difTerent  refractor^'  peruMls.  In  the  ca.sc  of  the  normal 
ner\*e  fiber  (see  p.  112)  it  will  l)e  recallerl  that  the  refra<'tor>^  perio<J 
Ml  very  brief. — say,  0.0()6  sec.,— hut  vari(»s  with  the  condition  of 
ihc  filler,  since  in  the  narcotized  fiber  it  may  be  as  much  aa  0.1  sec. 


CHAPTER  VIL 
REFLEX  ACTIONS. 


Definition  and  Historical. — By  a  reflex  action  we  mean  the 

involuntary  pmdurtiim  of  aflivity  in  some  jieriplieral  tissue  through 
tho  efferent  nerve  fibers  connected  witli  il  in  consequence  of  a 
stiumlution  of  afferent  uen'e  libers.  The  conversion  of  the  seusorj' 
or  afferent  impulse  into  a  luotdr  or  efferent  impulse  is  effected  in 
the  nene  centers,  and  may  l)e  totally  unconscious  as  well  as  inA'ol- 
untarj'j — for  instance,  the  emptying  of  the  g:ill-l)lailder  during 
digestion,  or  it  may  be  accompanied  by  ennsciousness  of  the  act, 
as,  for  cxainijle,  in  the  winking  reflex  wlicn  the  eye  Ls  touched. 
The  application  of  the  term  reflex  to  such  acta  seems  to  have  been 
made  first  by  Descartes*  (164D),  on  the  analog^■  of  the  reflection 
of  light,  the  sensor>'  effect  in  these  cases  being  reflected  back,  so 
to  speak,  as  a  motor  effect.  The  attention  of  the  early  physiologists 
was  directed  to  these  invohmtar>'  movements  and  many  instances 
were  collected,  both  in  man  and  the  lower  animals.  Their  invol- 
untary character  wiis  emphasized  l>y  the  discover^'  that  similar 
movements  are  given  by  (.lecapitatcd  aniniaLs, — frogs,  eels,  etc. 

Stmie  of  the  earlier  physiologists  thought  that  the  reflex  nught 
occur  in  the  anastomoses  of  the  nerve  tninks,  but  a  convincing 
proof  that  the  central  ner\'ous  system  Ls  the  place  of  reflection 
was  given  by  \\niytt  (1751).  He  showed  that  in  a  decapitated  frog 
the  reflex  movements  are  abolished  if  the  spinal  cord  is  destroyed. 
Modem  interest  in  the  subject  was  excited  by  the  numerous  works 
of  -Marshall  Hall  (1S32-57),  who  contributed  a  number  of  new 
facts  with  regard  to  such  acts,  an<l  formulated  a  \'iew,  not  now 
accepted,  that  these  reflexes  are  mediated  by  a  special  set  of  fibers — 
the  excitornotor  fibers. 

In  describing  reflexes  the  oltlor  physiologists  had  in  mind  only 
reflex  movements,  but  at  the  present  time  we  recognize  that  the 
reflex  act  may  afft^t  not  only  the  muscles, — voluntar\',  invo]unt-ar>% 
and  cardiac, — but  also  the  glands.  We  have  to  deal  with  reflex 
secretions  as  well  a.s  reflex  movenients. 

The  Reflex  Arc. — It  Ls  implied  in  the  definition  of  a  reflex 
that  both  sensory  and  motor  paths  are  concerned  in  the  act.     Ac- 

*  See  Eckhard,  "  (Jeschichte  der  Entwickelunp  der  Lehre  vod  den  Reflex- 
crHcheinungen,"  "Beitrttge  tut  Anatomie  u.  Physiologie/'  Gieasen,  1881,  voL 
ix. 
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cording  to  the  neuron  theory,  therefore,  the  isunplest  reflex  arc 
must  consist  of  two  neurons:  the  sensory  neuron,  whose  cell  lx)cly 
lies  in  one  of  the  posterior  rrxit  or  cranial  nerve  ganglia,  and  a 
motor  neuron,  whose  nerve  cell  lies  in  the  anterior  horn  of  gray 
matter  of  the  conl  or  in  the  motor  nucleus  of  a  cranial  ner\'e.  The 
reflex  arc  for  the  spinal  cord  is  represented  in  Fig.  61.  The  arc 
may,  however,  be  more  complex.  The  .sensor>*  fibers  entering 
through  the  posterior  roots  may  pass  upward  through  the  entire 
length  of  the  cord  to  end  in  the  medulla  and  on  the  way  give  off 
a  number  of  collaterals  as  represented  in  Fig.  62,  or  they 
may  make  connections  with  intermediate  cells  which,  in  turn,  are 
connected  with  one  or  more  motor  neurons  (Fig.  63).    According 


Fie.  fil. — SebcoB  lo  ciinw  the  rannectinn  Ijntweeii  th«  netirun  of  the  po«t«rior  rOOt  tad  tha 
nrumn  of  the  anterior  r<»i>t, — the  reflex  arc. 

to  the^e  Hchemata,  one  sensory  fiber  may  establish  reflex  connections 
witli  a  ntimhcr  of  different  motor  fibers,  or,  a  fact  which  must  be 
borne  in  mind  in  studying  some  of  the  well-known  reflex  activitie.s 
of  the  cord  and  medulla  especially,  a  sensory*  fiber  carr>'ing  an 
impulse. which  eventually  reaches  the  cortex  of  the  cerebmm  and 
gives  rise  to  a  conscious  sen.sation  may.  by  means  of  its  collaterals, 
comiect  with  motor  nuclei  in  the  rord  or  medulla  and  thus  at  the 
same  time  give  origin  to  involuntar>'  and  even  unconscious  re- 
flexes. Painful  stimulation  of  the  skin,  for  example,  may  give 
lift  a  conscious  sensation  of  pain  and  at  the  same  time  reflexly 
stimulate  the  vasomotor  center  and  cause  a  constriction  of  the 
small  arteries.  The  fact  that  in  this  case  two  distinct  events  occur 
does  not  necessitate  the  assumption  that  the  impulses  from  the 


i 


136 


PHTSIOLOGV  OF  CENTRAL  NERVOUS  SrSTEM. 


skin  are  carried  to  the  cord  by  two  different  varieties  of  fibers. 
It  may  well  be  that  one  variety  of  sensor)-  neuron,  the  so-called 
pain  fibers,  effects  both  results,  because  of  the  opportunities  in 
the  cord  for  conne<*tion8  with  different  groups  of  nerve  cells. 

The  Reflex  Frog. — The  motor  reflexes  from  the  spinal  cord 
can  be  studied  most  successfully  upon  a  frog  in  which  the  brain 
has  been  dostroye<i  or  whose  head  has  been  cut  off.  After  such 
an  operation  the  animal  may  for  a  time  suffer  from  shock,  but 
a  vigorous  animal  will  usually  recover  and  after  some  hours  will 


Ft(t.  «2.— KOI  nicer'*  vhMiiii  to  show 
the  direct  reflex  urc.  It  ahuwM  the  po»* 
Ceriur  root  fitwr  (black)  entcrinfc  tbe 
fx>r<l,  dtvidine  iii  V,  aud  cunnectlofr  with 
motor  oelU   (red)   by  maacui  of  ooll&ter- 


Fi«.  63.— KOlliker'n  vhema  to 
show  the  reflex  mrc  with  inlercmi- 
ated  truct  oeUs.  Posterior  root  fiber, 
blauk;  interealatod  tmct  cell,  blue; 
motor  ceila,  rod. 


exhibit  reflex  movements  that  are  most  interestinjr.  The  funda- 
mental characteristics  of  reflex  movements  in  their  relations  to  the 
place,  intensity,  and  {juality  of  the  stimulus  can  be  studied  with 
more  ease  upon  an  aiiinml  whose  conl  is  thus  severed  from  the 
brain  than  ufwn  ii  n<irnml  animal.  In  (lie  latter  vase  the  connec- 
tions in  the  nervous  system  are  more  complex  and  the  reactions 
are  thQ^reforp  less  simple  and  less  easily  kept  constant. 

Spinal  Reflex  Movements. — The  reflex  movements  obtained 
from  the  spinal  tord  or  from  parts  of  the  central  nervous  system 
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may  be  divulcrl  into  throe  groups  V>y  rharactcristies  that  arc  physio- 
logically significant.  Those  obia^fi  aw.  (1)  Simple  reflexes,  or 
those  in  which  a  single  muscle  is  affecteti.  The  best  example  of 
this  prfmp  is  i^'HiafM?  the  winking  reflex,  in  which  only  the  orbic- 
ularis palp<'l»rarum  is  concerned.  (2)  Co-ordinated  reflexes,  in 
which  a  number  of  muscles  react  with  their  contractions  so  grad- 
uated as  to  time  and  extent  as  to  produce  an  orderly  and  useful 
movement.  (3)  Convulsive  reflexes,  such  as  are  seen  in  spasms, 
in  wJiirh  a  nunilier  of  muscles — [K-rhaps  all  the  muscles — are  con- 
ira(*ted  convulsively,  without  co-ordination  and  with  the  pro- 
duction of  disorderly  and  useless  movement*.  Of  these  groups, 
the  co-ordinated  reflexes  are  by  far  the  most  interesting.  They 
can  be  obtained  to  r>erfer*tion  from  the  reflex  frog.  In  such  an 
animal  no  spontaneous  niovemcnts  occur  if  (he  sensor>'  surfaces  are 
ientircly  prot-ecte<l  from  stimulation.  A  sudden  stimulus,  however, 
of  suflficient  strength  upplierl  to  any  part  of  the  skin  will  give  a 
de£nite  ami  practically  invariable  n^spon.se  in  a  movement  which 
has  the  appearance  of  uu  intentional  effort  to  escape  from  or  remove 
the  stimulus.  If  the  toe  i.s  pinched  the  Untl  is  withdrawn — in  a 
gentle  manner  if  the  stimulus  is  light,  more  rapidly  and  violently, 
but  still  in  a  co-ordinated  fa.shion.  if  the  stimulus  is  strong.  If 
t\ie  animal  is  suspended  and  various  spots  on  its  skin  are  stimulated 
liy  the  api)lication  of  Ints  of  pai>er  moistened  with  dilute  acetic 
aciii  the  aniiiml  will  make  a  neat  and  .skillful  movement  of  the 
oomEVsponding  leg  to  remove  the  stimulating  body.  Tlie  reactions 
may  Ix*  varied  in  a  number  of  ways,  and  in  all  cases  the  striking 
features  of  the  reflex  response  are,  fii-st,  the  seemingly  purposeful 
character  of  the  movement,  and,  ^e<'on<l,  the  almost  niecliauical 
exactness  with  which  a  delinite  stimulus  will  give  a  definite  response. 
This  definite  relationship  holtis  only  fm  sensoiy  stimulation  of  the 
extc^rnal  integiunent.  the  skin  and  its  organs.  It  is  obvious,  in 
t,  that  a  muscidar  response  can  Ije  effective  only  for  stimuli 
ginating  from  the  external  surface.  Stimufi  from  the  interior 
of  the  body  exert  their  reactions,  for  the  most  part,  upon  the  pl&ia 
mu^idature  and  the  glands.  The  c(»nvulsive  reflexes  may  be 
pHMluced  by  two  different  means:  (I)  Hy  very  intense  sensory 
stimulation.  The  reflex  response  in  this  case  overflows,  as  it  were, 
into  all  the  motor  paths.  A  variation  of  this  method  is  seen  in  the 
well-known  convulsive  reaction  that  follows  tickling.  In  this  case 
the  sfimtdus.  although  not  intense  from  an  objective  standpoint, 
is  obviously  violent  from  the  standpoint  of  its  effectiveness  in 
■ending  into  the  central  nervous  system  a  .series  of  maximal  seasory 
impulses.  (2)  By  heigliti'ning  the  irritability  of  the  central  nervous 
system.  Upon  the  reflex  frog  this  effect  is  obtaine<l  most  readily 
by  tlie  use  of  strychnin.     A  little  strychnin  injected  under  the 
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skin  is  soon  alisorhed  and  iis  effect  i?  shown  at  first  liy  a  greater 
sensitiveness  to  cutaneous  stimulation,  the  slightest  touch  to 
the  foot  causing  its  withdrawal.  Soon,  however,  the  reeponae, 
instead  of  being  orderly  and  adapted  to  a  useful  end.  liecomes 
cfm\^lLsive.  A  mere  touch  of  the  skin  or  a  current  of  air  will  throw 
even.'  muscle  into  contraction,  and  the  extenson=i  Itetng  stronger  than 
the  flexors  the  animal's  body  liecomes  rigiti  in  extension  at  every 
stimulation.  The  explanation  usually  given  for  this  result  is  that 
the  str>'chnin.  acting  upon  some  part  of  the  ner\'e  cells,  increases 
greatly  their  irritability,  so  that  when  a  stimulus  is  sent  into  the 
central  nervous  sj'stem  along  any  sensory  path  from  the  skin  it 
apparently  radiates  throughout  the  cord  and  acts  upon  all  the 
motor  cells.  This  latter  supposition  leads  to  the  interesting  con- 
clusion that  all  the  various  motor  neurons  of  the  cord  must  l>e  in 
physiological  connection,  either  direct  or  indirect,  with  all  the 
neurons  supplying  the  cutaneous  surface.  The  further  fact  that 
tmder  normal  conditions  the  effect  of  a  given  sensor>'  stimulus  is 
manifested  only  on  a  limitetl  and  practically  constant  numlier 
of  the  motor  neurons  seems  to  imply,  thei*efore.  that  normally  the 
paths  to  lliese  neurons  ntv  more  tlirect  and  the  i*esist:mce,  if  we 
may  use  a  somewhat  figurative  term,  is  less  than  that  offered  by 
other  possible  paths.  Miiscidar  spa.«ms  are  olTScrveil  under  a  niiml>er 
of  pathological  ronditions, —  for  instiuicc.  in  hydrophobia.  We  are 
at  lil>erty  to  a-ssume  in  surh  rases  that  the  toxins  protiuced  by  the 
tlisease  affect  the  irritability  of  the  cells  in  much  the  same  way  as 
the  sti^'chnin. 

Theory  of  Co-ordinated  Reflexes. — The  purposeful  character 
of  th(*  co-ordiiiatc(l  reflexes  in  the  frog  gives  the  impression  to  the 
observer  of  a  conscious  choice  of  movements  on  the  part  of  the 
brainless  animal.  Most  physiologists,  however,  are  content  to  see 
in  these  reactions  only  an  expression  of  the  automatic  activity 
of  a  mechanism.  It  is  assumed  that  the  sensory-  impulses  from 
any  part  of  the  skin  find,  on  reaclung  the  cord,  that  the  paths  to 
a  certain  grotip  of  motor  neurons  are  more  direct  and  offer  less- 
resistance  than  any  others.  It  is  along  these  paths  that  the  reflex 
wilt  take  place,  and  we  may  further  assume  that  these  paths  of 
least  resistance,  as  they  have  been  called,  are  in  part  preformed 
and  in  part  are  laid  down  by  the  repeated  experiences  of  the  indi- 
vidual. That  is.  in  each  animal  a  definite  structure  may  be  sup- 
|x)sed  to  exist  in  the  cord;  each  sensor}^  neuron  is  connected  with 
a  gn)up  of  motor  neurons,  to  some  of  them  more  directly  than  to 
others,  and  we  may  imag!n(\  tlion?fore.a  system  of  i-eflex  apparatuses 
or  mechanisms  which  when  properly  stimulated  will  react  always 
in  the  same  way.  And,  indeed,  in  spite  of  the  adapted  character 
of  the  reflexes  under  consideration  their  automaton-like  regularity 
is  an  indication  that  their  production  [^  due  to  a  fixed  mechanical 
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arrangement.  Whether  or  not  the  reactions  of  the  nervous  system 
in  such  cases  are  accompanied  by  any  degree  of  consciousness  can 
not  be  proved  or  diHpi\>\'ed,  but  the  assumption  of  such  an  accom- 
paniment does  not  seem  necessar>*  to  explain  the  reaction. 

Spifujl  Reflexes  in  Ote  Mammals. — Exjjeriraents  uj)on  the  lower 
maumialti,  nuch  as  the  dog,  show  that  co-ordinated  reflex  move- 
ments may  be  obtained  fix)ui  the  lower  portion  of  the  cortl  after 
severance  of  its  connectioni;  with  the  braiji.  The  spinal  cord 
may  be  severed,  for  instance,  in  the  thoracic  region  and  the  animal 
be  kept  alive  and  in  good  condition  for  un  hidefmile  jxTiod.  lu 
such  an  animal  reflex  movements  of  tlu^  hind  legs  or  tail  may  be 
obtained  readily  from  slight  sensory  sliniuktion  of  the  skin.  The 
knee-jerk  and  .similar  so-called  deep  reiU^xcs  are  also  rctuhied.  liut 
it  is  evident  that  these  movements  are  not  so  complete  nor  so 
distinctly  atlapted  to  a  useful  enil  as  in  the  frog.  The  mu.sries  of 
the  iMidy  t^upplied  by  the  isolatetl  part  of  the  coid  retiiiti.  Imwover, 
a  normal  in-ita1>ility  anil  exhibit  no  wustuig.  In  man.  on  the 
conirar)'.  it  is  statetl  that  after  complete  section  of  the  cord  the  deep 
reflexes,  such  as  the  knee-jerk,  as  well  as  the  skin  reflexes,  are  veiy 
(juickly  lost.  The  nmscles  undergo  wa^iting  and  wikju  lose  fheir 
irritaliility.*  The  monkeys  exhibit  in  this  respect  ti  conflition  that 
is  somewhat  inteniiediate  l>etween  that  of  the  doj;  and  man.  It 
seems  evident  from  these  facU  that  In  the  lower  animals,  like  the 
frog,  a  much  gi-eater  degree  of  independent  activity  is  exhibited  by 
the  coni  than  in  the  more  highly  developed  animals.  According  to 
the  degree  of  development,  the  contitil  of  the  nuis<rle9  Is  ussunicd 
more  and  more  by  the  higher  portions  of  the  nen'ous  system,  and 
the  spinal  coni  l>ecomes  less  important  as  a  serie*^  of  reflex  centeis, 
its  functions  l^eing  more  de[)endenl  upon  its  connections  with  the 
higher  centers. 

Dependence  of  Co-ordinated  Reflexes  upon  the  Excitation 
of  the  Normal  Sensory  Endings, — It  is  an  interesting  fact  tliat 
when  a  ner\'e  trunk  Ls  stimulaleil  directly  in  a  reflex  frog^the 
sciatic  ner\'e,  for  instance — the  reflex  movements  are  disorderly 
and  r|uite  unlike  those  obtaine<l  by  stimulating  the  skin.  It  is  said 
that  if  the  skin  f»e  loosene<l  ami  the  nerve  twigs  arising  from  it  l^e 
stimulated,  an  operation  that  is  quite  possible  in  the  frog,  the  re- 
sjx>asc  is  again  a  disorderly  reflex,  whereas  the  same  fibers  stimu- 
lated through  the  skin  give  an  orderly,  eo-ordinate<:l  movement. 
The  difference  in  response  in  these  cases  is  prolmbly  not  due  to  any 
peculiarity  in  the  nature  of  the  sen.sor>*  impulses  originating  in  the 
nen'c  endings  of  the  skin,  but  more  likely  to  a  difference  in  their 
strength  and  arrangement.  When  one  stimulates  a  sensoir  nerve 
trunk  directly. — the  idnar  ner\'c  at  the  elbow  in  ourselves,  for  in- 
•  Hee  CV>nier,  "  Bmin/'  lft04,  p.  38. 
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skin  is  soon  absorbed  aad  its  effet-t  is  shown  at  first  by  a  greater 
sensitiveness  to  cutaneous*  siinnilution.  the  sliglitest  touch  to 
the  foot  causing  its  withdrawal.  Soon,  however,  the  response, 
instead  of  being  orderly  ami  adapted  to  a  useful  end.  l)eeonies 
convulsive.  A  mere  tout  h  of  the  skin  or  a  current  of  air  will  throw 
ever\'  muscle  into  contraction,  and  the  extensoi-s  l>eing  stronger  than 
the  flexoi*s  the  animal's  bofiy  l)etomes  rigid  in  extension  at  everj' 
stimulation.  The  explanation  usually  piven  for  this  result  is  that 
the  strychnin,  acting  upon  sinne  t)art  of  the  nerve  cells,  increases 
greally  their  irritability,  so  thai  when  a  stimulus  Ls  sent  into  the 
central  nervous  system  along  any  sensory  path  from  the  skin  it 
appai-ently  raiUates  throughout  the  cord  luul  acts  upon  all  the 
motor  cells.  This  latter  supposition  leads  to  the  interesting  con- 
chi.sion  that  all  the  various  nu»tor  neurons  of  the  corti  must  lie  in 
physiologiial  coiuiection.  either  direct  or  imlirect,  with  all  the 
neurons  supplying  the  cutaneous  surface.  The  further  fact  that 
luidcr  normal  con<litionK  the  effect  of  a  given  sensoiy  stimulus  is 
manifested  finly  on  !i  limited  an<l  practi(nlly  constant  numl>er 
of  tlie  motor  neurons  seems  to  imply,  thcieffne.  that  normally  the 
paths  to  these  neurons  are  moi'e  direct  and  the  lesistance,  if  we 
may  use  a  somewhat  figurative  term*  is  leKs  than  that  offered  by 
other  possible  ]>aths,  Mviscidar  spasms  are  observed  under  a  numl>er 
of  pathological  tonditions.^ffir  instance,  in  hydro[>hoiiia.  We  are 
at  lil)erty  to  assume  in  such  cases  that  the  tr^vins  |>r(Mlu('eil  by  the 
disease  affect  the  irritability  of  the  cells  in  much  the  same  way  us 
the  stP}'chnin. 

Theory  of  Co-ordinated  Reflexes. — Tlie  purposeful  character 
of  the  co-ordinalcd  reflexes  in  the  frog  gives  the  impression  to  the 
observer  of  a  conscious  choice  of  movements  on  the  part  of  the 
brairdess  animal.  Most  physiologists,  however,  are  content  to  see 
in  these  reactions  oidy  an  expression  of  the  automatie  activity 
of  a  mechanism.  It  is  assumed  that  the  fiensor\-  impulses  from 
any  part  of  the  skin  find,  on  reaclung  the  cord,  that  the  j^aths  to 
a  certain  group  of  motor  neurons  are  more  direct  and  oiler  less 
resistance  than  any  otht^rs.  It  is  along  these  paths  that  the  reflex 
will  take  place,  and  we  may  further  assume  that  these  paths  of 
least  resistance,  as  they  have  beon  called,  are  in  part  preformed 
and  in  part  are  laid  down  by  the  repeated  experiences  of  the  indi- 
viduaL  That  is.  in  each  animal  a  definite  stmcture  may  be  sup- 
posed to  exist  in  the  cord ;  each  sensnri*  neuron  is  connected  with 
a  group  of  motor  neurons,  to  some  of  them  more  directly  than  to 
others,  and  we  may  imagine,  therefore. a  system  of  reflex  apparatuses 
or  mechanisms  which  when  properly  stimulated  will  react  always 
in  the  same  way.  And,  indeeti,  in  spite  of  the  atlapted  character 
of  the  reflexes  under  consideration  their  automaton-like  regularity 
Ls  an  indication  that  their  production  is  due  to  a  fixed  mechanical 
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it.  Wliether  or  not  the  reactions  of  the  nervous  system 
m  sucn  caeca  are  arcompanie^i  by  any  degree  of  consciousness  can 
not  be  paived  or  disproved,  but  the  assumption  of  such  an  accom- 
paniment does  not  seem  necessar)'  to  explain  the  reaction. 

Spinal  Reflexes  in  the  Mammals. — Exi>erinients  np*)n  the  lower 
mamniab*,  such  as  the  dog,  show  tliat  co-onliiialt'd  rcilcx  move- 
menus  may  l>e  obtained  from  the  lower  |K)rlion  of  the  cord  after 
severance  of  its  connectioas  willi  the  brain.  The  spinal  cord 
may  Iw  severed,  for  insl^nce,  in  the  thoracic  region  and  the  aninml 
bo  kept  alive  and  in  good  condition  for  an  indefinite  period.  In 
such  an  animal  reflex  movements  of  the  hind  legs  or  tail  may  be 
obtained  readily  from  slight  K-nsory  stimubilion  of  the  skin.  The 
knee-jerk  and  .similar  Ho-called  deep  refiexcH  arc  ahsti  retaincti.  But 
it  is  evident  that  these  movements  are  not  w»  complete  nor  so 
distinctly  adapt-ed  to  a  useful  end  as  in  the  frog.  The  muscles  of 
Ihe  body  supplied  by  the  isoIat<Ml  piirt  of  the  cord  retain.  Imvvever, 
a  normal  irritability  and  exhibit  no  wasting.  In  ixvmx,  oti  the 
contrary',  it  is  stated  thiit  after  complete  section  of  the  cord  the  deep 
reflexes,  such  as  the  knee-jerk,  as  well  as  the  skin  reflexes,  are  veiy 
quickly  Inst.  The  muscles  undergo  wasting  and  h<m)u  lose  their 
irritability.*  The  monkeys  exhibit  in  this  i-espect  ;i  condition  that 
U  somewhat  intermediate  Ix^tweon  that  of  the  dog  und  man.  It 
seems  evident  from  these  facts  that  in  the  lower  animals,  like  the 
frog,  a  much  greater  degi^e  of  independent  activity  is  exhibited  by 
the  conl  than  in  the  more  highly  developed  nninuiLs.  According  to 
the  degree  of  development,  the  control  of  the  muscles  is  assumed 
more  and  mf»re  by  the  higher  portions  of  (he  nervous  system,  and 
the  spinal  cord  l)e<'omes  less  important  as  a  series  of  reflex  centers. 
its  functions  lieing  more  dependent  upon  its  connections  with  the 
higher  centers. 

Dependence  of  Co-ordinated  Reflexes  upon  the  Excitation 
of  the  Normal  Sensory  Endings, — It  is  an  interesting  fact  that 
when  a  ner\'e  tnmk  i^  stimulated  directly  in  a  reflex  frog — the 
sciatic  nerve,  for  instance — the  reflex  movements  are  dL^>rderly 
and  quite  unlike  those  obtained  by  stimulating  the  skin.  It  is  said 
that  if  the  skin  be  l<x>sene<l  and  the  nerve  twigs  arising  from  it  l)e 
stimulated,  an  operation  that  is  quite  possible  in  the  frog,  the  re- 
sponse is  again  a  dLvirderly  reflex,  whereas  the  same  fibers  stimu- 
lato<i  thmugh  the  skin  give  an  orderly,  cfi-ordinated  movement. 
The  fijfFerence  in  re.sponso  in  these  cases  w  probably  not  due  to  any 
peculiarity  in  the  nature  of  the  sensor>'  impulses  originating  in  the 
nerve  endings  of  the  skin,  but  more  Ukely  to  a  difl'erence  in  their 
strength  and  arrangement.  When  one  stimidates  a  sensor>'  ner\'c 
trunk  directly, — the  ulnar  ner\'e  at  the  ellww  in  ourselves,  for  in- 
•  See  tViUier,  "  Brain/'  1904,  p.  38. 
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^ance^ — the  resulting  sensations  are  markedly  different  from  those 
obtained  by  stimulating  the  skin  area."  supplied  by  the  same  nen'e; 
we  have  little  or  no  sensations  of  touch  or  temperature,  onlj'  pain 

id  a  jjeculiar  tingling  in  the  fingers.  In  such  an  experiment  the 
Titimulus  applied  to  the  trunk  affects  more  or  less  equally  all  the 
contained  fibers,  whereas  in  stimulation  of  the  skin  itself  the  effect 
upon  the  cutaneous  fibers  of  pressure,  temperature,  or  pain  pre- 
dominates and  presumably  it  is  these  fibers  tlmt  normally  are  con- 
nected in  an  efficient  way  with  the  reflex  machinery'  in  the  ner\-e 
centers. 

Reflex  Time. — Since  in  a  reflex  movement  the  ner\^e  centers 
involved  a  determination  of  the  total  time  between  the  appli- 

ition  of  the  stimulus  and  the  Ix-gimiing  of  the  n^sjxjnse  gives  a 
means  of  ascertaining  the  time  element  concerned  in  the  central 
proceeees,  Helmhoitz,  who  first  made  experiments  of  this  kind, 
stated  that  the  time  required  within  the  ner\e  centers  might  be  as 
much  as  twelve  times  as  great  as  that  estimated  for  the  conduction 
along  the  motor  and  sensorA*  nerves  involved  in  the  reflex.  Most 
observers  state  that  the  time  within  the  center  varies  with  the 
strength  of  the  stimulus,  being  less  the  stronger  the  stimulus.  It 
varies  also  with  the  condition  of  the  nerve  centers,  lieinc  len£rthene<.l 
by  fatigue  and  other  conditions  that  depress  the  irritability  of  the 
nene  cells.  By  reflex  t  ime  or  reduced  reflex  time  we  may  designate 
the  time  refjuired  for  the  processes  in  the  center, — that  is,  the  total 
time  less  that  required  for  transmission  of  the  impulse  along  the 
motor  and  M-nsr>ry  fil>crs  and  the  latent  period  of  the  muscle  .von- 
trartion.  Tor  the  frog  this  Is  estimated  as  vaning  between 
0.(X)8  and  0.015  see.  in  man  the  reflex  time  usually  quoted  is  that 
given  by  Fboier  for  the  winking  of  the  eye.  He  stimulated  one  lid 
electrically  and  recorded  the  reflex  movement  of  the  lid  of  the  other 
eye.  The  total  time  for  the  reflex  was,  on  an  aveiuge,  from  0.0578 
sec.  to  0.0662  se<!.  He  estimated  that  tiie  time  for  tmnsmission  of 
the  impulse  along  the  serusory  and  motor  paths,  together  with  the 
latent  jx^riod  of  the  miLscle,  amounted  to  0.0107  sec.  So  tliat  the 
tnic  reflex  tinic  from  his  determinations  varied  between  0.0471  and 
0.0555  sec.  Mayhew.*  u.sing  a  more  ehil><>nite  metiiod,  obtained 
for  the  total  time  a  mean  figure  equal  to  0.0420  see.  If  Exner's 
correction  is  apjilied  then  the  true  reflex  time  according  to  this  de- 
termination is  efjual  to  0.0313  sec. 

Inhibition  of  Reflexes. — One  of  the  most  fundamental  facts 
regarding  sfiinal   reflexes  is  the  demonstration   that  they  can  be 
depressed  or  supjiressi'd  entirely — that  is,  inhibited — by  other  im- 
pulses reaching  the  siimc  part  of  the  spinal  cord.     The  most  sig- 
♦  Muyhew,  "Joumttl  of  Exp.  Mediciue,"  2,  35,  1897. 
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nificant  experiment  in  this  connection  is  that  uuulc  by  Setschenow.* 
If  in  A  frog  the  entire  brain  or  the  cerebral  hemispheres  arc  re- 
moved, then  stimulation  of  the  expose*.!  cut  surface — for  instance, 
by  en'stals  of  sodiiiuj  chlorid— will  depress  greatly  or  jjerhai^s 
inhibit  entirely  the  usual  spirud  reflexes  lliat  may  be  obtained  hy 
cuianeoua  stimulation.  On  removal  of  the  stimulating  substance 
from  the  cut  surface  by  washing  with  a  stream  of  physiological 
saline  (solution  of  sotlium  chlorid,  0.7  per  cent.)  the  reflex  activities 
of  the  cord  are  again  exhibited  in  a  normal  way.  This  experiment 
accords  uith  many  facts  which  indicate  that  the  brain  may  inhibit 
the  activities  of  the  spinal  centers.  In  the  reflex  from  tickling^ 
for  instance,  we  know  that  by  a  voluntan'  act  we  can  repress  the 
muscular  movements  up  to  a  certain  point;  so  also  the  limited 
control  of  the  action  of  the  respiratory  and  micturition  centers 
is  a  phenomenon  of  the  same  character.  To  explain  such  acta  we 
may  assume  the  existence  of  a  definite  set  of  inhibitory  fibers, 

sing  in  parts  of  the  brain  and  distributed  to  the  spinal  cord, 
whose  function  is  that  of  controlling  the  activities  of  the  spinal 
centers.  In  view  of  the  fact,  however,  that  there  is  no  independent 
proof  of  the  existence  of  a  separate  set  of  inhibitor>'  filxirs  within 
the  central  nervous  system — that  is,  a  set  of  fibers  whose  specific 

rpy  is  that  of  inhibition — it  is  preferable  to  speak  simply  of 
inhibitory  influence  of  the  brain  upon  the  cord,  leaving  unde- 

ed  the  question  as  to  whether  this  influence  is  exerted  through 

special  set  of  fibers,  or  is  brought  aljout  by  some  variation  in 
time  relations,  intensity,  or  quality  of  the  ner\'e  impulses, 
ding  the  fact,  however,  there  can  Ije  no  question,  and  it 
tutes  a  mast  imjxjrtant  factor  in  the  interaction  of  the  dif- 
ferent parts  of  the  ner\'ous  system.  It  is  possible  that  this  factor 
explains  why  a  normal  frog  gives  reflexes  that  are  so  much  lei** 
lOMStant  anti  less  predirt:ible  than  in  one  with  its  brain  removed. 
A  similar  inhibition  of  spinal  reflexes  may  be  obtained  by  simul- 
taniiKis  stimulation  of  two  tliflferent  parts  of  the  skin.  The  usual 
reflex  from  pinching  the  toe  of  one  leja:  may  l>e  inhibited  in  part 
or  completely  by  simultaneous  stimulation  of  the  other  leg  or 
direct  electrical  stimiilalion  of  an  ex|>osod  nerve  trunk.  A  similar 
interference  is  illustrateti.  perhaps,  in  the  well-known  iJevice  of 
inhibiting  an  act  of  sneezing  by  a  strong  sensorv'  stimulation  from 
some  part  of  the  skin, — for  instance,  by  pressing  upon  the  upper 
lip.  Inhibition  of  spinal  reflexes  by  such  means  is  not  so  constant 
nor  .Mj  effective  as  by  stimulation  of  the  central  paths,  but  it  forms 
on  interesting  phenomenon  which  must  l>e  taken  into  account  in 
aa>*  hypothesis  of  the  nature  of  inhibition  that  may  be  proposed. 

*  fle(»rhenow  '*  Phy<riolofn^he  Studien  uber  d.  Hemmimga-Mocliaiiismflik 
f.  fl.  ReflexthtitiKicoit  im  Oehim  «1.  Froschas/'  B«rlia,  1863. 
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A  brief  statement  of  the  more  or  less  unsatisfactor>*  theories  of 
inhibition  is  given  in  connection  with  the  inhibitory  action  of  the 
vagus  nerve  on  tlie  heart  beat  (see  p.  539).  It  should  be  added, 
Jiowever,  in  this  connection  that  stimulation  of  the  cord,  and 
probably  of  other  parts  of  the  ner\ous  system,  from  two  different 
sources  may  result  not  only  in  an  inhibition  of  the  reflex  normally 
occurring  from  one  of  the  stimuli,  but  under  some  circumstances 
may  give  an  anpmentation  or  reinforcement  of  the  reflex.  A 
striking  extimple  of  this  au|rmenting  effect  is  piven  l^elow  in  the 
paragraph  upon  the  knee-kick. 

Influence  of  the  Condition  of  the  Cord  on  its  Reflex  Ac- 
tivities.— The  time  and  extent  of  the  reflex  responses  may  be 
altered  greatly  by  various  influences,  particularly  by  the  action 
of  drugs.  The  effect  in  such  ca^es  is  usually  upon  the  nerve  centers, 
— that  is,  upon  the  ccIIh  tliomsclvos  or  upon  the  connections  between 
the  terminal  arborization  and  the  dontlrites — the  process  of  conduc- 
tion within  the  sensory  and  motor  fibers  being  less  easih"  affected. 
A  convenient  method  of  studying  such  influences  is  that  employed 
by  Tiirck.  In  this  method  the  reflex  frog  is  suspende<l,  and  the 
tip  of  the  longest  toe  is  immersed  to  a  definite  point  in  a  solution 
of  sulphuric  acid  of  a  strength  of  0.1  to  0.2  per  cent.  If  the  time 
between  the  immersion  and  the  reflex  withdrawal  of  the  foot  is 
noted  by  a  metronome^  or  by  a  record  ui>on  a  kymograph,  it  will 
be  found  to  be  quite  constant,  provided  the  conditions  are  kept 
uniform.  If  the  avcrape  time  for  this  reflex  is  obtained  from  a 
series  of  observations  it  is  possible  to  inject  \-arious  substances — 
such  as  Etn'chnin,  chloroform,  potassium  broniid,  quinin,  etc. — 
under  the  skin,  and  after  absorption  !uis  taken  place  to  determine 
the  effect  by  a  new  scries  of  observations.  So  far  as  drugs  are 
concerned  the  irsults  of  such  exjx'rimeuts  behjng  rather  to  pharma- 
cology' than  to  physiologv.  Tlie  met  hotl  in  .some  ca.ses  brings  out  an 
interesting  difference  in  the  eff"ects  of  various  kinds  of  stimulation. 
Strychnin,  for  in.stance,  as  was  stated  above,  increases  greatly  the 
delicacy  of  tlie  reaction  to  pressure  stimulation.  At  one  stage  in 
its  action  before  tlie  con\"u!sive  responses  are  obtained  the  threshold 
stimulus  is  greatly  lowered, — mere  contact  with  the  toes  causes  a 
rapid  retraction  of  the  leg;  whereas  in  the  normal  reflex  frog  a 
relatively  large  pressure  la  necessary  to  obtain  a  similar  response. 
At  this  stage  in  the  action  of  the  strychnin  the  efl'ect  of  the  acid 
stimulus,  on  the  contrar\',  may  be  markedly  weakened  so  far  as 
the  time  element  is  concerned.  If  the  action  of  the  str>^chnin  is 
not  too  rapid,  it  is  usually  possible  to  find  a  point  at  which  the 
time  for  the  reflex  is  diminished,  but  this  effect  quickly  disappears 
and  the  period  In'tween  Ktiniulus  and  resj>onse  becomes  markedly 
lengthened  at  u  time  when  the  slightest  mechanical  stimulation  gives 
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ft  rapid  reflex  fno\  ement.  This  paratioxical  result  may  depend  pos- 
sibly upon  the  variety  of  nen'c  fitx^r  stimulated  by  the  two  kinds 
of  stimuli  or  may  be  conneetwl  with  the  fact  that  the  acid 
stimuli  may  bring  about  inhibitory  as  well  as  exeitaton'  prot-esses 
in  the  cord. 

Reflexes  from  Other  Parts  of  the  Nervous  System. — Nu- 
merous typical  reflexes  are  known  to  occur  in  tlie  hruin.  The 
reflex  effect.'?  uijon  the  important  centers  in  the  medulla,  such 
as  the  vaiinmotor  center,  the  respiratory  center,  and  the  cardio- 
inhibhor>-  center,  the  winking  of  the  eye,  snet^zing,  the  light  reflex 
upon  the  sphincter  muscle  of  the  iris,  and  many  other  similar  cases 
might  be  cnvunerate<l.  All  of  these  reactiuits  will  be  dcseril>cd 
and  dLscusse<l  in  their  j^roper  places.  The  c(mscious  reactions  of 
the  brain  are  not  included  among  the  reflexes  by  virtue  of  the  defi- 
nition which  lays  stre^w  ujMjn  the  involuntary'  clmract«.Tist ic  of  the 
reflex  respoasc.  but  it  shoidd  lie  rt^memUmMl  that,  so  far  as  the 
nervous  mechanism  Is  concenuHl,  these  coasdrnts  n'actions  do  not 
differ  from  the  true  reflexes.  When  we  vohmtarily  move  a  limb 
the  movement  Is  guided  and  controlled  by  sensor^'  impulses  from  the 
muscles  put  into  action.  The  filwrs  of  muscle  sense  from  these 
muscles  e(mvey  sensor\'  impulses  through  a  chain  of  neurons  to 
the  cortex  of  the  bniin  and  there  the  inipidst^s  doubtless  affect  and 
set  into  action  the  motor  neurons  through  which  the  niovemeiit  is 
^ffeeled.  So  far  as  we  know,  the  ilischarges  from  the  efferent 
neuron  of  the  brain  are  not  really  automatic,  but  are  conditioned 
or  originattni  hy  stimuli  from  other  neunms;  wj  that  the  activitieji 
of  the  hrain  arc  carrietl  on  l>y  a  meclmnisui  of  one  ncunin  acting 
on  another,  just  as  in  the  ease  of  the  reflex  arc.  The  a<ided  feature 
of  a  psychical  factor,  a  reaction  in  conseiousneas,  enables  us  to  draw 
a  line  of  distinction  IxMween  these  activities  and  those  of  so-called 
pure  reflexes;  but  the  distinction  is  perhjips  one  of  convenience 
imly,  for,  although  llir  extn»mes  may  be  far  enough  apart  to  .suit 
the  definition,  many  intenne<liate  instances  may  l)e  found  which 
are  difficult  to  classify.  All  skilled  movements,  for  lastanee,  such 
as  walking,  singing,  dancing,  bicycle  riding,  and  the  like, — although 
in  the  heginning  oliviously  effected  l»v  voluntary  co-ordination, 
neverthek'ss  in  the  end.  in  proportion  to  the  skill  obtained,  l>ecome 
more  or  I(»ss  entirely  reflex, — that  Is,  involuntarv'.  In  learning 
such  movements  one  nuist,  as  the  saying  goes,  establish  his  reflexes, 
and  the  result  can  hanlly  Uq  understood  otherwise  than  hy  suppos- 
ing that  the  continual  adjustment  of  certain  scnsor\'  impulses  in 
certain  co-ordinated  movements  restdts  in  the  formation  of  a  more 
or  less  complex  reflex  arc,  a  set  of  paths  of  least  resistance. 

Reflexes  through  Peripheral  Ganglia— Axon  Reflexes. — 
Many  attempts  have  been  made  by   physiologists  to  ascertain 
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vbetber  or  not  veOexes  can  occur  Uooa^  the  peripheral  nerve 
guiglia,  fATtJculariy  thoae  belmiging  to  the  sympathetic  6>'stem. 
With  re^ud  to  the  posterior  root  ^m^H^,  h  may  be  said  that  no 
icflcsces  are  poasibie  through  them.  If  the  posterior  root  ronnect- 
iag  flDch  a  gpt^inm  to  the  cord  is  severed  stimulation  of  the  sensory 
area  mpptied  by  these  ganglia  causea  do  reflex  nspoase.  Indeed, 
Mcordiiig  to  our  conception  of  the  mechanism  of  a  reflex,  the  poB- 
tcrior  root  ganglia  could  not  serve  as  reflex  centers:  they  contain 
apparently  no  efferent  neurons.  In  the  ganglia  of  the  s\-mpathetic 
nerve  and  it^:  appendages  and  in  the  similar 
^  gittiglia  contained  in  many  of  the  oigans  the 

Y  ner\'e  ceils  have  dendritic  processes,  and,  so 

far  as  their  hi?tolog>'  is  concerned,  it  would 
seem  possible  that  in  any  ganglion  of  this 
type  there  might  be  sensori'  and  motor  neu- 
rons so  coimected  as  to  make  the  ganglion 
an  independent  reflex  center.  Numerous 
exf)eriments  have  been  made  to  determine 
experimentally  whether  reflexes  can  be  ob- 
tained through  such  ganglia.  Perhaps  the 
most  successful  of  these  experiments  have 
been  made  upon  the  inferior  mesenteric 
ganglion. 

This  ganglion  may  be  isolated  from  all 
connections  with  the  central  ner\'ous  system 
and  left  attached  to  the  bladder  through  the 
two  hypogastric  nerves  (sec  schema.  Fig. 
105).  If  now  one  of  these  nerves  b  cut  and 
the  central  stump  is  stimulated  a  contraction 
of  the  bladder  follows.  Obviously  in  thw 
case  the  impulse  has  traveled  to  the  ganglion 
and  down  the  other  hypogastric  nerve;  the 
reaction  has  evcr>-  appearance  of  l>eing  a  true 
reflex.  Nevertheless.  Langley  and  Ander- 
son,* who  have  studieil  the  matter  with  espe- 
cial care,  are  con\inced  that  in  this  and  similar  eases  we  have  to  do 
with  what  they  call  pseudorpflexes  or  axon  reflexes*.  The  idea  imder- 
lying  this  term  may  be  explained  in  this  way:  Kvery  .sympathetic 
ganglion  is  connected  with  the  central  ner\'ous  system,  brain  and 
cord,  by  efferent  spinal  fibenu,  preganglionic  fibers,  which  terminate 
by  jirlwrization  around  the  dendrites  of  the  sympathetic  cells.  The 
efferent  fit)ers  arising  from  the  latter  may  be  designated  as  post- 
ganglionic fibers.  These  authors  give  reasons  to  believe  that  any 
one  preganglionic  filler,  a.  Fig.  64,  may  connect  by  collaterals  with 
♦  LuiKlcy  Olid  Anderson,  "Journal  of  Physiolog;)',"  16,  410,  1894. 
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Beveral  sympathetic  cells.  If  such  a  fiber  were  stimulated  at  x, 
then  the  impulse  passing  hack  along  the  axon  in  a  direction  the 
reverse  of  nornml  wouKi  stinnilato  cells  h  and  c,  giving  effects  that 
are  apparently  reflex,  but  which  iliffer  from  true  reflexes  in  that 
the  ^timulating  axon  belongs  to  a  motor  neuron.  Under  normal 
circumstances  it  is  not  probable  that  an  effect  of  this  kind  can  be 
produced. 

The  Tonic  Activity  of  the  Spinal  Cord. — In  addition  to  the 
definite  reflex  aeti\itie3  of  the  eoni,  each  traceable  to  a  distinct 
»cnsor>'  stimulus,  there  is  e\-ideni'e  to  show  that  many  of  it«  motor 
neurons  are  in  that  state  of  more  or  leas  continuous  activity  which 
we  designate  as  tonic  acti\'ity  or  tonus.  There  is  abundant  reason 
for  this  belief  in  regard  to  many  of  the  special  centers  of  the  cord 
and  brain,  such  as  the  vusornotor  renter,  the  centt^r  for  the  sphinc- 
ter muscle  of  the  iris,  the  centers  for  the  sphincter  muscles  of  tiic 
blaeider,  the  anus,  etc.  But  the  evidence  includes  the  motor 
neurons  to  the  vohmtary  as  well  as  the  involuntary  musculature. 
In  a  decapitated  frog  the  muscles  take  a  definite  jMisition,  and 
Bn)ndgeest  showed  that  if  such  an  animal  is  susixrided,  after  cut- 
ting the  sciatic  plexus  in  one  leg,  the  leg  on  the  uninjured  side 
takes  a  more  flexe<l  position.  The  explanation  offered  for  this 
result  is  that  the  muscles  on  the  sound  side  are  IxMug  innen'at4xi 
by  the  motor  neurons  of  the  cord.  Inasmuch  as  a  result  of  this 
kind  cannot  be  obtained  fn>m  a  frog  whose  skin  has  been  removed, 
or  ID  one  in  which  the  past^rior  roots  have  l>een  severed  it  seems 
e^^dent  that  this  tonic  discharge  from  the  motor  neurons  is  due 
to  a  constant  inflow  of  impulses  along  the  sensor\'  patlis.  Tl\c 
nauscle  tonus,  in  other  words,  is  really  a  reflex  tonus,  which  differs 
from  ordinary*  reflex  movements  only  in  the  al>sence  of  a  sudden, 
>isible  contraction  and  in  the  more  or  less  continuous  character 
of  the  innervation.  In  the  section  on  animal  heat  the  imjwrtance 
of  this  constant  inner\*ation  of  the  muscles  as  a  source  of  heat  is 
further  emphasized.  The  idea  of  a  more  or  less  continuous  but 
varying  acti\'ity  of  the  centers  in  the  brain  and  cord  in  consequence 
of  the  continuous  inflow  of  impulses  along  the  sen8or>*  paths  fits 
in  vcr>'  well  with  many  facts  obser\'e<l  in  the  peripheral  organs, — 
facts  that  will  Ix?  referred  to  from  time  to  lime  as  the  physiology 
of  these  organs  is  considered. 

Effects  of  Removal  of  the  Spinal  Cord. — Numerous  investi- 
gators have  sectioned  the  cord  partly  or  completely  at  various 
levels.  The  general  results  of  these  experiments  as  regards  loss 
of  sensation  or  voluntar>'  movement  are  descrii>ed  in  the  next 
•e<*tion  treating  of  the  cord  as  a  path  of  conduction  to  and  from 
the  brain.     But  attention  may  be  called  here  to  some  of  the  gen- 
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eral  results  obtained  by  rSoltz*  in  some  remarkable  experiments 
in  which  the  entire  cord  was  removed  with  the  exception  of  the 
cen'ical  region  and  a  small  portion  of  the  upper  thoracic.  In 
making  this  experiment  it  was  necessary'  to  perform  the  operation 
in  several  steps.  That  is,  the  cord  was  first  sectioned  in  the  upper 
thoracic  region  and  then  in  successive  operations  the  lower  tho- 
racic ^  hmibar,  and  sacral  regions  were  removed  completely.  Ver>' 
great  care  was  necessary  in  the  treatment  of  the  animals  after 
these  operations,  but  some  survived  and  lived  for  long  periods, 
the  digestive,  circidatory,  and  excretor>-  organs  performing  their 
functions  in  a  normal  manner.  The  muscles  of  the  hind  limbs 
and  trunk,  however,  underwent  complete  atrophy,  owing  to  the 
ilestruction  of  their  motor  nerves.  The  blood-vessels  also  were 
paralyzed  aft^r  the  first  operations,  but  gradually  their  muscu- 
lature again  recovered  tone,  showing  that,  although  under  normal 
conditions  the  tonic  contraction  of  the  vessels  is  under  the  in- 
fluence of  nerves  arising  from  the  cord,  this  tone  may  be  re-estab- 
lished in  time  after  the  severance  of  all  spinal  connections.  Some 
of  the  specific  results  of  these  experiments,  bearing  upon  the  re- 
flexes of  defecation,  micturition,  and  parturition,  will  be  descriljed 
later.  Attention  may  be  railed  here  to  the  general  results 
illustrating  the  general  functions  of  the  conl. 

In  the  first  place,  there  was,  of  course,  a  total  paralysis  of  volun- 
tary movement  in  the  muscles  innervated  normally  through  the 
parts  of  the  cord  removed,  anil  a  complete  loss  of  sensation  in  the 
same  regions,  partictilarly  of  cutftneous  and  muscular  sensibility. 
In  the  second  place,  tlie  \'isceral  oi^ans,  inchuling  the  blood-vessels, 
were  shown  to  be  much  more  irideix^ndent  of  the  direct  control  of 
the  centml  nervous  system.  While  these  organs  in  the  experiments 
under  coasideratiou  were  t^tili  in  ctmnectioii  with  the  sympathetic 
ganglia  and  iu  ]>ait  with  liie  hrn'm  through  the  vagi,  still  their 
connections  witli  the  central  nervous  system,  particularly  as 
regards  their  sensory  paths  and  the  iimervation  of  the  blood-vessels, 
weiv  in  largest  part  destroyed.  The  immediate  effect  of  this 
destruction  wtniM  have  lHM»n  the  death  (if  ihe  animal  if  the  artificial 
cjire  of  the  observer  bad  not  ivplaced.  in  the  betnnning.  tlie  nonnal 
control  exer<-i.s(^d  by  the  nervous  system  througli  the  spinal  nerves; 
but  later  this  careful  nursing  was  not  requireri.  While  these  organs, 
therefore,  are  capable  of  a  certain  amount  of  independent  acti\ity 
and  co-ordination,  they  ar-e  normally  coistrolled  through  the  various 
rcfiex  activities  of  the  brain  and  corr!.  In  the  third  place,  it  is 
noteworthy  that  the  atiaptability  of  the  cordless  portion  of  the 
animal  was  distinctly  less  than  normal.     Its  power  of  preserving  a 

*GoItz  aud  Ewald,  "PflOKer's  Archiv  fQr  die  gesarninte  Phyaioloeie/ 
63.  362.  1896. 
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itant  body  temperature  was  more  limited  than  in  the  normal 
Animal,  and  the  suweptihility  to  infliimmalory  disturbances  in  the 
visceral  organs  was  greatly  increased.  It  seems  evident,  from  these 
facUn,  that,  although  the  animal  was  living,  its  power  of  adaptation  to 
markeil  changes  in  the  external  or  internal  environment  was  greatly 
iesBcned.  and  this  fact  illustrates  well  the  great  general  imp4irtancc 
of  the  spinal  cord  and  brain  as  reflex  cer*er8  controlling  the  nutri- 
tion and  co-ordinated  activities  of  t^  .  body  tissues  and  organs. 
This  control  is  necessar\-  under  normal  conditions  for  the  success- 
tltl  combination  of  the  activities  of  the  various  organs.  A  large 
part  ctf  this  contn)!  is  doubtless  dependent  upon  the  regulation  of 
the  blood  supply  to  the  various  organs.  The  nicchaiiLsm  by  which 
this  is  effected  and  the  parts  played  by  the  tonl  and  the  brain 
(medulla  oblongata),  respectively,  will  be  described  in  the  section 
on  cinndalion. 

Knee-jerk. — Knee-jerk  or  knee-kick  is  the  name  commonly 
given  to  the  jerk  of  the  foot  when  a  light  blow  is  stnick  upon  the 
patellar  ligament  just  l>elow  the  knee.  The  jerk  of  the  foot  is 
due  to  a  contraction  of  the  fiuadriceps  femoris  muscle.  Acconiing 
to  Sherrington,  the  part-s  of  this  nui.*'eular  mass  chiefly  concerned 
are  the  m.  vastus  me<lialiB  ami  ni.  femoralii^.  In  order  to  obtain 
the  muscular  response  it  is  usually  necessari'  to  put  the  quadriceps 
under  some  tension  by  flexion  of  tihe  leg.  This  end  is  obtained 
mf>et  reatlily  by  crossing  the  knees  or  by  allowing  the  leg  t-o  hang 
freely  when  sitting  on  the  e<lge  of  a  bench  or  table.  Under  such 
circumstances  the  jerk  is  obtaineil  in  the  great  majority  of  normal 
pex^sond,  and  this  fact  has  made  it  an  important  diagnostic  sign 
m  many  diseases  of  the  spinal  cord.  The  imiK>rtance  of  the 
reaction  for  such  purposes  was  first  brf)ught  out  by  the  work  of 
Er!>  ;in(l  VVestphiil*  in  1S7,t. 

Reinforcement  of  the  Knee-jerk. — It  was  first  shown  by 
Ji'ndras.sik  (1883)  that  the  extent  of  the  jerk  may  be  greatly  aug- 
mented if,  at  the  tune  the  blow  Ls  stnick  ujjon  the  tendon,  a  strong 
vohmtar>'  movement  Ls  made  by  the  individual,  siich  as  squeezing 
Cho  h(m<Ls  together  tightly  or  clenching  the  jaws.  This  phenomenon 
was  studied  carefully  in  this  cnuntrv*  by  Mitchell  and  IjCwLs^f  who 
asrertuined  that  a  similar  augmentation  may  be  produced  by  giving 
the  individual  a  simultaneous  sen.sory  stimulation.  They  desig- 
naU'd  the  phennnrrnon  as  a  reinforcement,  and  this  name  is  gen- 
endly  employed  by  English  writers,  although  oeca.sionally  the  term 
"Bahnung,"  introduced  by  Exner  to  dcscrilx*  a  similar  phenom- 
enon, is  also  used.     It  is  found  that  by  a  reinforcement  the  knee- 

•  Krh  »n«i  Westphal,  "  Arrhiv  f.  P.svrhiatrip."  IS7.*».  vnl.  v. 

t  MiicheU  and  Lewis.  "  American  Journal  of  Med.  Scieneffit,"  92,  363,  1386. 
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jerk  may  be  demonstrated  in  some  individuals  in  whom  the  ordi- 
nan^  blow  upon  the  tentlon  fails  to  elicit  a  respon.se.  liowditcL  and 
Warren*  studied  the  phenomenon  of  reinforcement  and  brought  out 
a  fact  of  ven'  great  interest.  They  studied  e.spe^'biliy  the  time 
interval  between  the  blow  upon  the  tendon  and  the  rehiforcing  act 
and  found  that  if  the  latter  preceded  the  blow  by  too  great  an  inter- 
val then,  instead  of  an  augmentation  of  the  jerk,  there  was  a  dimi- 
nution which  they  deaiignated  as  negative  reinforcement  or  inhi- 
bition. 'J'hb  inhibiting  efifect  began  to  appear  when  the  reinforcing 
act  (hand-squeeze)  precetied  the  blow  by  an  inler\'al  of  from  0.22 
to  0.6  sec.,  and  the  maximum  inhibiting  effect  was  obtained  at  aa 
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Fir.  ft!5. — ShowinK  in  milUmeten  the  runouni  bv  which  the  "reinforrtd ' 


knee-Wrfc 

«J  from  the  Donual.  the  levH  of  whioh  l~  reprewni^i  by  th«  hoKumtal  line  ;ii  O.  "imr- 
liial."  'Hie  titiie  inlrrvaU  flapitiiic  bctwifvn  tlie  I'len  thing  of  lh<?  haiitl:'  I  which  cfjnntit  ulfi] 
(he  nrinforcfrnieut  1  aod  the  tup  uu  the  tendon  un;  marked  t>clitw.  Thr  rrinforceuicint  l« 
Knat»*t  when  llie  iwu  e\-enl*  are  n*»Hy  aiinultaneouB.  At  ui  inten'al  of  U  -i  tr^C-  rt 
amnuntf  lo  nothiiin;  diirinif  the  ucxt  0.0  i**c.  tlt<*  hi*ight  of  tht>  kick  i*  actually  dlminr^tied. 
while  atter  an  inlt^rval  nf  I  -tt^c.  tlie  neicaiivo  reinforcement  lend>  to  diitapDrar;  and  when 
17  "ec.  i*  allnwed  (a  rlap-te  the  hpiRht  of  ttie  kick  ceoties  to  be  afTerted  by  the  denchinir  at 
the  hand)*.  — {fli>u'>i'/r/t  and  H'arren.) 


inten-al  of  from  0.6  to  0.9  sec.  Beyond  this  point  the  effect  became 
less  notrceal>le,  and  at  an  interval  of  1.7  to  2.5  sec.  the  reinforcing 
act  had  no  influence  at  all  upon  the  jerk.  These  relations  are 
shown  in  the  anrompanying  rurv^e  (Fig.  65).  These  authors  con- 
firme<l  also  the  fact  that  a  sensor^'  stimulus,  such  as  a  gentle  bla>>t 
of  air  on  the  conjunctiva  or  the  knoe.  may  reinforce  the  jerk.  The 
physiological  explanation  of  the  n:nnforccment^  negative  and  posi- 
tive, is  a  matter  of  inference  only,  but  the  view  usually  held  is  that 
it  Ls  due  to  ''overflow."  That  is,  many  facts,  such  as  strv'chnin 
tetanus,  indicate  that  the  neLiromuseular  machinery  of  the  entire 
central  nervous  system  is  more  or  less  directly  connected  and  that 


♦  Bowciitrli  and  Warren.  "  Jounia!  of  Physiology,"  2,  25,  1890 
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functioual  activity  at  one  part  will  influence  the  irritability  of  the 
remainder  either  in  the  direction  of  reinforcement  (f^ahnung)  or 
inhibition.  VVc  niay  conceive,  then^foa-,  that  when  the  hands 
are  sriueezed  the  motor  impulses  sent  down  from  the  cortex  of  the 
bruin  to  the  up|)er  [xirlion  of  the  cord  overflow  to  some  extent, 
sufficient  at  \east  to  alter  the  irritability  of  the  other  motor  neurons 
in  the  cord.  Experimental  stimulation  of  the  cortex  ha.s  pven 
similar  n?sults.  Exner*  fotmd  that  when  the  motor  cerUer  for  the 
fool  in  the  cort^ix  of  a  rabljit  was  sthnulated,  the  stimulation,  even 
if  too  weak  to  be  effective  itself,  cau.si'd  an  increase  in  the  contraction 
brought  about  reflexly  by  a  sunultaneous  stimulation  of  the  skia 
of  the  paw.  and  furthermore  if  these  stimuli  wen?  so  reduced  in 
strength  thai  each  was  ineffective,  then  when  applied  together  a 
contraction  was  obtained.  In  this  ease  an  inelTecJive  stunulus 
from  the  cortex  reaching  the  spinal  coni  increased  the  irritability 
of  the  mot^ir  renters  there  so  that  a  simultaneous  reflex  atimulua 
from  the  foot,  ineffective  in  itself,  became  effective. 

Is  the  Knee-jerk  a  Reflex? — The  most  interesting  question 
in  this  connection  is  whether  the  jerk  is  a  true  reflex  act  or  is  due 
to  a  direct  mechaa»cal  stimulation  of  the  muscle.  Opinion-s  are 
divided  upon  this  point.  Those  who  l>elieve  that  the  jerk  is  a 
reflex  lay  emphasis  upon  the  undoubtctl  fact  that  the  integrity  of 
the  reflex  arc  is  absolutely  essential  to  the  respoase.  The  quad- 
riceps receives  its  motor  and  sensory  fibers  through  the  anterior 
cniml  ner\'e.  and  pathological  lesions  upon  man  as  well  as  direct 
experimental  in%*estigation  u(x)n  monkeys  prt>ve  tliat  if  either  the 
iterior  or  anterior  roots  of  the  third  and  fourth  lumbar  spinal 
ves  are  destroyed  the  knee-jerk  disappears  entirely.  The  oppo- 
nents of  the  reflex  view  explain  this  fact  by  the  theorj'  that  in 
order  for  the  quadriceps  to  respond  it  must  l>e  in  a  crwulitioa 
of  tonus.  This  tonus  depends  upon  the  reflex  arc.  the  senson' 
impulses  from  the  muscle  ser\*ing  to  keep  it  in  that  condition 
of  tmbdued  contraction  known  as  tone.  On  this  view  dest mo- 
tion of  the  reflex  arc  renders  the  muscle  \ex^  irritable,  so  that  it 
not  n»spond  by  a  contraction  to  the  sudden  mechanical  exten- 
or  pull  catised  by  the  blow  on  the  tendon.  The  adherents  of 
this  view  lay  emphasis  upon  two  facts:  First,  the  knee-jerk  Is  a 
fample  contraction,  and  not  a  tetanus,  an<l,  generally  speaking, 
the  motor  centers  of  the  cord  discharge  a  series  of  impulses  when 
iniulaterl.  Second,  the  time  for  the  jerk — that  is,  the  interval 
.ween  the  stimulus  and  the  response — Is  too  short  for  a  reflex. 
The  determination  of  this  time  has  been  attempted  by  many  ob- 
jwrvere  for  the  purpose  of  deciding  the  controversy,  but  unfor- 
itely  the  results  have  been  lacking  in  uniformity,  van'ing,  la 
•  Exner,  "Arrhiv  f.  die  gewiminte  Physiologie,"  27,  412,  1882. 
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man,  from  0.025  to  0.073  sec.  Moreover,  we  have  no  definite  basis 
upon  which  to  estimate  what  shouitl  be  the  tune  required  if  the 
act  were  a  genuine  reflex.  For  the  act  of  winkhig  in  nian  Exner 
estimated  a  total  time  of  0.0578  sec, ^  but  Mayhew  obtained  a 
smaller  figui-o — *),0-471  sec.  In  the  lower  auiinals  the  resulUs  have 
also  been  inirertiiin.  Applegarth,  making  use  of  a  dog  witli  a 
severed  spinal  cord,  obtained  for  the  time  of  the  knee-jerk  an 
interval  of  0.014  to  0,02  sec.  Assimiing  a  velocit}-  of  100  ft,  or 
more  per  second,  this  would  allow  suff'u'ionV  tiine  for  the  impulse 
to  travel  to  the  cord  and  bank  provideil  there  was  no  delay  in 
the  nerve  centei-s.  Waller  ami  Gotch,  using  the  rabbit,  found  the 
time  to  be  only  0.008  to  0.005  w^c.,— that  Ls.  just  about  the 
latent  j^eriod  of  a  muscle  contraction  and  too  .'^hort  a  time  for 
a  reflex.  It  is  evident  that  more  facts  an^  necessary  before  a 
positive  statement  can  be  made  upon  this  |Miiiit.  In  favor  of 
the  reflex  theory  attention  may  be  called  to  the  fact  that  in 
some  causes  a  crossed  reflex  Ls  obtained  affecting  the  muscles  of 
the  other  leg.  This  apparently  undoubted  reliex  shows  that  an 
eflicient  serLsorA"  impulse  has  reachei!  the  cord,  and,  according  to 
our  Itnowlodge  of  reflexes,  the  effect  in  such  cases  shouhi  always 
be  most  marked  on  its  own  side.  It  would  seem  to  be  unjustifiable 
in  these  eases  to  suppose  that  the  effect  on  tlie  same  side  is  not 
reflex  while  on  thf^  opposite  side  it  is  reflex. 

Conditions  Influencing  the  Extent  of  the  Knee-jerk. — The 
effect  of  various  uornud  conditions  upon  the  knee-jerk  has  been 
studied  by  a  number  of  observers,  particularly  by  Lombard.*  The 
results  are  most  interestiug  in  that  they  indicate  very  clearly  that 
the  irritability  of  the  spinal  cor<l  varies  with  almost  every  marked 
change  in  mental  activity.  During  sleep  the  jerk  disapj)ears 
and  in  mental  conditions  of  a  restful  character  its  extent  is  relatively 
small.  In  conditions  of  mental  excitement  or  irritation,  on  the 
contrar>%  the  jerk  becomes  markedly  increasetl.  Lonibard  ob- 
sen'ed  also,  in  his  own  case,  a  daily  rhytlxm,  which  is  represented 
in  the  chart  given  in  Fig.  66.  It  would  seem  from  his  experiments 
that  the  extent  of  the  knee-jerk  is  a  sensitive  indicator  of  the 
relative  state  of  irritability  of  the  ner\'0U8  system:  "The  knee- 
jerk  is  increased  and  diminished  by  whatever  increases  and  di- 
minishes the  activity  of  the  central  nervous  system  as  a  whole." 
This  general  fact  is  siip]>orted,  especially  as  regards  mental  activity, 
by  observations  on  other  similar  niechanisnLs, — such,  for  instance, 
as  the  condition  of  the  nervous  centers  controlling  the  bladder. 

•Lombard,  "The  .\niericAn  .Tounial  of  PftvcholoRV,"  18S7,  p.  1.  Seo 
also  article  "Knee-jerk"  (Warren),  "Wood's  Hcf.  lUndbook  of  Me<i,  Sci- 
flDOes,"  fieconil  edition,  li>()2. 
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Use  of  the  Knee-jerk  and  Spinal  Reflexes  as  Diagnostic 
Signs. — The  fact  tluit  the  knwf-jerk  depends  on  the  integrity  of 
the  reflex  arc  in  the  luuihar  cord  has  made  it  useful  as  a  diagnostic 
indication  in  lesions  of  the  cord,  particularly,  of  course,  for  the 
luuibar  region.  It  in  mainly  on  aet'onnt  of  its  practical  value  and 
the  ease  with  which  it  Is  ordinarily  obtained  that  the  phenom- 
enon has  been  studied  £«  exteasively.  In  the  disease  known  as 
pmgressive  locomotor  ataxia  the  jMJsterior  root  fibers  in  the  iM>s- 
terior  columns  in  the  kimlmr  regit^n  are  affected,  and,  &3  a  con- 
sequence, the  jerk  is  diminished  or  abolished  ahogether  according 
to  the  stage  of  the  diijease.    So  also  leaions  affecting  the  anterior 


-    L      *i  6«-— Lombonl  s  figure  in  indicate  the  diiily  rhythm  in  th«  extent  of  the  knw»- 

Crk  aiHj  the  rffert  of  mentul  ^timuti.      The  oriUnute«  (0-1 10)  ropreaent  the  exttint  of  the 
ck  ID  niiUiiiietRn*.      luw-h  d..|  rci>reM>nti  a  feimrato  kick,  while  tba  heavy  boruuntal  liiM 
the  average  extent  for  ttie  jwriiKi  indteat6<i. 


honofi  of  the  gray  matter  will  destroy  the  reflex  by  cutting  off  the 
motor  path,  while  in  other  cases  lesions  in  the  brain  or  the  lateral 
cohinms  of  the  cord  affecting  the  pyramidal  system  of  filx^rs  may 
be  accompanied  by  an  exaggeration  of  this  and  similar  reflexes. 
This  latter  fact  agrees  with  the  experiniental  results  (.see  p.  141) 
ui>on  abhition  of  the  brain.  After  such  operations  m  the  frog 
and  lower  mammals  at  least  the  spinal  reflexes  may  show  a  marked 
increase*.  Intemipt ion  of  the  desceiuiing  connections  between  braui 
and  cord  at  any  point,  therefore,  may  l)o  accompanied  by  a  strik- 
ing incn-asc  in  sensitiveness  of  the  spinal  reflexes.  The  explana- 
tion usually  given  Ls  that  the  inhibitory  influences  of  the  brain 
centers  upon  the  cord  are  thereby  weakened  or  destroyed.    The 
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^H            explanation  i**  incomplete  in  tliat  it  leaves  undecided  the  question  ^M 

^m            as  to  whether  this  inhibitory  influence  is  exerted  through  the  oi^  ^M 

H             dinary  motor  paths  or  through  a  special  set  of  inhibitor>'  fi\)ets,    H 

^M             Various  motor  reflexes  whose  motor  centers  are  situated  at  differ-    ^M 

^m            ent  levels  in  the  cord  may  be  used  to  a  hmited  extent  to  diagnose    H 

H             the  condition  of  the  cord  at  its  various  parts.    Some  of  the  most     " 

H              generally  known  of  these   reflexes  are  given  in  the  frillowing  table 

H             and  the  location  of  the  centers  in  the  cord  is  shown  in  Fig.  67:        ^M 

1               LOCALIZATION  OF  FUNCTION  IN  THE   DIFFERENT  SEGMKNT8    H 

^^^                                              OF  THE  SPIXAL  CORD.                                          S 

^^^r                             (M.  Am.ex  Stark*  slightly  modified  by  Edinger.)*                         ^H 

^H                                    SEOMK!«Tft. 

Mvscuu, 

Rxrtjcxxs. 

CtTTANBOrS  AkBA»          ^H 

Innkmyatbo.          ^H 

^B               Cen-ic&l  ii-iii 

M.     stemocIeiHo- 

Inspiratory  reflex  on 

Neck  and  back  of     ^| 

ma«toideus. 

quick    prt-flsuro    be- 

head.                        ■ 

M.  trupezivifl. 

neath  nba. 

^H 

Mm.     ftcaleni     et 

^^H 

foUi. 

^^^^H 

Diaphragm. 

^^^^H 

■              Civ 

Diaphra^fma. 

Dilatation  of  tlie  pu- 

^^M 

M.  supraspinntus. 

pil  on  irritation  of 

Upix-r  part  of            ^H 

M.  infnu^piniitus. 

the  neck  (C.  iv-vii.) 

shoulder,                  ^^ 

M.  deUoideiis. 

Outer  fade  of  arm. 

M.  biceps  brachiu 

M.     coracobrachi- 

■1 

alU. 

M.  supinator 

1 

lonRUs,    - 

i 

M.  rhombaidei. 

^ 

V             C.  V 

M.  dt'hoiilciis. 

Scapular    reflex     (C. 

Back  of    shoulder    ^H 

M.  biceps  brachii. 

v-T.  i]. 

and  ami.                  ^^ 

M.     coracobrachi- 

Tendon     reflexes    of 

Outer     side     of 

alis. 

the     correepcinding 

upper    onn    and     ^i 
of  the  forearm.       ^M 

M.  supinator 

muscles. 

longus. 

■ 

M.  supinator 

brevis. 

■ 

M.  pe  ct  o  ra  lis 

■ 

major      (  para 

■ 

clnvicularis). 

■ 

M.    aerratus     an- 

■ 

terior. 

■ 

Mm.   rhoniboidei. 

■ 

M.  b  rach  i  alis 

■ 

anticiiB. 

■ 

M.  teres  minor. 

■ 

'               C.vi 

M.  biceps  brachii. 

Tendon  reflexofl  of  the 

Outer     side     of    ^^ 

M,  h  r  a  c  h  i  a  li  9 

Mm.   extensores   la- 

forearm. 

anticus. 

certi  el  brachii. 

Back  of  band  and     ^J 

M.  pectoral  ie 

Tt^ndon     reflexe.s     nf 

radial  region.           ^M 

major      (para 

the  muBcleH  of  the 

■ 

claviculfiris). 

wrist. 

■ 

♦  Takea  from  Barker's  "  Nervous  System."                               ^M 

Fig.  67. — Diacnunmatio  repreeentatton  of  the  lower  portion  of  the  human  bulb  mad 
spinal  cord. 

The  cord  ia  divided  iDto  its  four  rei^ons:  1,  Medulla  cerviealia;  2,  medulla  doraaUa; 
3,  medulla  lumbalis;  4,  medulla  aacraltv.  Within  each  region  the  spinal  eecmenta  bear 
Roman  numbers.  On  the  left  side  of  the  diagram  the  locaUty  supplied  by  the  senaory 
(afferent)  neurons  is  indicated  by  one  or  more  words,  and  these  latter  are  oonneetea 
with  the  bulb  or  the  aefpnents  of  the  cord  at  the  levels  at  which  the  nerves  anter.  The 
aflFerent  character  is  indicated  by  the  arrow  tip  on  the  lines  of  reference. 

On  the  right-hand  side  the  names  of  muscles  or  groups  of  muades  are  ^ven,  and  to 
them  are  drawn  reference  lines  which  ?tart  from  the  segments  of  the  eoni  in  mi^  tbe 
cell-bodies  of  origin  have  been  located. 

Within  the  oord  itself,  the  designations  for  several  reflex  centers  are  inscribed  in  the 
sequent  wMbre  the  mechanism  is  localised.  For  example,  Reflexus  scapularis,  Ceotnmi 
cino-spinale.  Reflexus  epigastricus,  Reflexus  abdominalis,  Reflexus  cremasterious,  Reflexus 
patellaris,  R^exus  t«ido  Achillis.  Centrum  veeicale.  Centrum  anale  (the  last  two  on  the 
li^t  side  of  the  diagram).  (Donaldson,  "Amer.  Text-book  of  Fhyuolocy,"  from  "  loones 
Neurologicip,"  StrHmpell  and  Jakob.) 
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^^^             REFLEX  ACTIONS.                                                    l-'iS                ^H 

^^^LOCAWZATIOW 

or  FVNCTIOS    IN    TBB    DlFFEUENT   SeOHENTB  OF  TBB  SPINAL                    ^| 

Cord, — (C'(/n/iniirrf.)                                                                    J 

^B           Saowain*. 

UvcLaM. 

KEPlJUtKB. 

CUTAKBOUB    AfiKAS                         ^^H 
Inkbkvatku.                           ^^H 

^H       C.     vi      ((vn- 

M.      serratUB 

^^H 

anterior. 
M.  triceps  brachii. 
Mm.      oxt«nfloreB 

mail  us    et    digi- 

torum. 

H 

^^^^V^^^ 

Mni.  pmnatores. 

^^^^^M 

■      aru 

H.  trici'p.s  bracliii 
caput  Ionium). 

Blow  upon  the  palm 

Hudial    region    of            ^^M 

^1 

of  the  hand  causm 

hand.                          ^^^^H 

^B 

Mm.      extensores 

closure   of   the  fin- 

^^^^^1 

^ 

gere. 

^^^^^1 

^^^^^^^^^ 

torum. 

Palmar    reflex   (C. 

^^^^^H 

^^^^^^^H 

M.   flexorea 

vU-T.  i). 

^^^^^1 

^^^^^^^^^^ft 

manuB. 

^^^^^^^1 

^^^^^^H 

Mm.      pronatores 

^^^^1 

^^^^^^^^^^r^ 

[nanu.t. 

^^^^^^^1 

^^^^^^^B 

M.  pectoralis 

^^^^^1 

^^^H 

major     (paiv 
Btemo-coatanB). 

f                             ^^1 

^^^ 

H.  aubacapuUria. 
M.  lat  iflflimua 
dorei. 

V  Distribution      of             ^^M 
/     N.  medionus.              ^^H 

^^^™^ 

M.  tenx  major. 

^^^^^1 

■      Cvni 

Mm.   f  I  0  X  o  r  e  s 
izuinua    et    digi* 
tonuD. 

Mm.    m  1  n  0  r  e  a 
manus. 

Pupillary  reflex. 

)        4 

^M    Itemdoi... 

Mm.       exteuaorea 

poDicis. 
Bun.    ro  i  n  o  r  e  a 

>  Ulnar  region.                 ^^M 

^^^ 

^^^H 

^^^^H_^ 

man  us. 

^^H 

^^^^^fe 

Mm.    e  n>  i  n  e  n  t 

^^H 

^^^^^^ 

thenar  et  hypo- 

1                                        ^^m 

^V 

thenar. 

I                                              1 

■      T.  U-zfi 

Mm.  dorei. 

Epigastric  reflex    (T. 

iv-vii). 

Skin     of     thorax,                   I 

^^H 

Mm.  abdominis. 

back,    abdomen. 

^H 

Mm.     erectores 

Abdominal  reflex 

and    upper    glu-                    . 

^^^^B 

spinas. 

(T.  vii-xi). 

teal  region.                       ^H 

M.  iljopeoas. 

Cre  master  reflex 

Skin  of  pubic    re-             ^H 

^^H 

M.  sartorius. 

(K.  i-iii). 

gion.                                   ^H 

B 

Mm.  alHlominia. 

Anterior    part    of             ^^1 
scrotum.                            ^M 

m    L.  u 

M.  iliopaoas. 

Patellar  t«ndon  reflex 

Outer  side  of  hip.                     | 

^H^ 

M.  sartorius. 

(L.  li-iv). 

^K 

Mm.  nexun»  i^f^niifl. 

^^H 

M.  quadriceps 

^V 

femoris. 

■      L.tti 

M.  quadriceps 
femoria. 

Anterior  and  inner 
aide  of  thigh. 

^H 

Mm.  rotatorea 

^^^^^^^^ 

femoris  (inward). 

^^^^^^^^ft 

Mm.      adductorea 

^^^^^ 

femoria. 

V 

^                    ^ 
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IiOCAX.tZATION   OF  FCKCTION    IX   THE  DlFFERKNT  SBOMKirTB  OF  THK   SpINAL 

CoRO. — iContintted.) 


SsoMEjm. 

Mincus. 

RErLBXBB. 

Imkkbvatbo. 

L.iv 

Mm.      abductores 

Gluteal  reflex 

(L. 

Inner  side  of  thigh 

femoris. 

iv-v). 

and  leg  as  far  as 

Mm.     abductores 

ankle;  inner  aide 

femoris. 

of  foot 

M.      tibialis 

anterior. 

Mm.  f  lexo  res 

genus  (Ferrier  ?) 

Ur 

Mm.        rotatores 
femoris    (  o  u  t  - 

Back  of  hip  and 
thigh  and  outer 

ward). 

part  of  foot. 

Mm.  f  1  e  X  o  r  e  s 

genus  (Ferrier?) 

Mm,   f  1  e  X  0  r  e  s 

pedis. 
Mm.       extensores 

digitonmi. 

Mm.  peron^ei. 
Mm.   flexo  res 

Bacnd  i-Ii . . . 

Plantar  reflex. 

Back  of  thigh; 
outer  side  of  leg 

pedis     et     digi- 

tonim. 

and  foot. 

M.  peronffii. 

Mm.    m  i  n  o  r  e  s 

B.  iii-v 

pedis. 
M.  perinaei. 

Achilles  tendon  reflex. 

Skin  over  sacrum, 

Vesical    and    rectal 
centers. 

perineimi,  geni- 
talia, and  about 

anus. 

CHAPTER  VIII- 
THE  SPINAL  CORD  AS  A  PATH  OF  CONDUCTION. 

In  addition  to  the  varied  and  important  fiinctioii.s  performed 
by  the  oonl  as  a  system  of  reflex  centers  contmlling  the  activities 
of  numerous  glands  anti  visceral  orpaas  as  well  as  the  so-<alled 
voluntary  mu^le^,  it  in  physiologically  most  important  as  a  path- 
way to  and  from  the  brain.  All  the  fibers,  numl>erinf;  more  than 
half  a  million,  that  enter  the  cord  through  the  posterior  roots  of 
ihe  spinal  nerves  brin^  in  afferent  impiibn^s.  which  may  Ixr  continued 
upward  by  definite  tracts  that  end  eventually  in  the  cortex  of  the 
cerebrum,  the  cerebellum,  or  some  other  portion  of  the  brain.  On 
the  other  hand,  many  of  the  efferent  impulses  originating  reflexly 
or  otherwise  in  different  parts  of  the  brain  are  conducted  downward 
into  the  cord  to  emerge  at  one  or  another  of  the  anterior  roots  of 
[the  spinal  nerves.  The  location  and  extent  of  these  ascending  and 
defending  paths  form  a  part  of  the  inner  structure  of  the  cord, 
which  is  most  important  practically  in  medical  diagnosis  and  which 
htu*  l>een  the  subject  of  a  vast  amount  of  experimental  inquiry  in 
physiologj%  anatomy,  pathologj'.  and  clinical  medicine.  In  working 
out  this  inner  architecture  the  neuron  conception  has  been  of  the 

itest  value,  and  the  results  are  usually  presented  in  terms  of 
interconnecting  units. 

The  Arrangement  and  Classification  of  the  Nerve  Cells 
in  the  Gray  Matter  of  the  Cord. — Nerve  etrlis  arc  scattered 
Umjughout  the  gray  nwitter  of  the  cord,  but  are  arranged  more 
or  less  distinctly  in  groups  or,  consi<lering  the  longitudiiml  aspect 
of  the  cord,  in  colunms  the  cimracter  of  which  varies  somewluit  in 
the  different  regions.  From  the  standpoint  of  physiological  anatomy 
these  cells  may  l)e  groujxtl  into  four  classes:  (1)  The  anterior 
root  cells,  clustered  in  the  anterior  horn  of  gray  matter  (1,  Fig.  68). 
The  axon.s  of  these  cells  pass  out  of  the  coni  almost  at  once  to 
form  the  anterior  or  motor  roots  of  the  spinal  nerves.  (2)  The 
tract  cells,  so  called  because  their  axons  instead  of  leaving  the  cord 
!iy  the  spinal  roots  enter  the  white  matter  and.  after  passing  upward 
or  downward,  help  to  form  the  tracts  into  which  this  white  matter 
may  l>e  divide*!  (2  and  8  of  Fig.  GS").  Tliese  tract  cells  are  found 
throughout  the  gray  matter,  and  according  to  the  side  on  which  the 
axon  enters  into  a  tract  they  may  be  divided  into  three  subgroups: 
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(a)  Those  whose  axons  etit^r  tbe  white  matter  on  the  siime  side  of 
the  cord,  the  tautomeric  tract  rells  of  Van  Gehuchten.  (fe)  Thase 
whose  axons  pass  throu^li  the  anlerior  white  c•ommij^su^e  anil  thus 
reach  the  tracts  in  the  anterior  or  lateral  columns  of  the  other  side. 
These  are  known  om  commissural  cells  or  the  heteromeric  tract 
cells  of  Van  Cielmfhlen.  They  fonn  one  obvious  means  for  crossed 
conduction  in  the  cord,  (c)  Those  wliose  axons  divide  into  two, 
one  parsing  into  the  wiiite  matter  of  the  saint'  nide,  the  otlier  pass- 
ing by  way  of  the  anterior  contniissurc  to  reach  the  white  matter 
of  the  opposite  side — the  hecateromeric  tract  cells  of  Van  Gehueh* 
ten.    (3)  The  Golgi  ceUs  of  the  second  type — that  is,  cells  whose 


^ 


Ihra»i 


i/efitral 


Fig.  68. — Bobem*  of  the  irtructure  of  the  cunl— (Afl*r  Lenho%%ek.')  On  the  ry^t  the 
nerve  cella:  on  the  left  the  entennjr  nerve  fibers.  Rijcht  adc:  1.  Motor  oetls.  imterior 
horn,  KiviuK  ri-<e  to  the  fiheiv  of  the  itni<<ri<>r  root ;  2.  tniet  c«IU  whoM  axons  vmwm  Into  cfaa 
white  mailer  of  lUt*  aiileri'tr  ami  Isteml  columns;  3.  eoniuiiwiirml  celU  whona  Axons  PKM 
chieHv  thniufch  the  mitrnnr  commuinire  to  reacli  tiic  antenor  eolumns  of  the  other  tule: 
4.  Uolta  n'll-t  (^efTond  tyi>e).  whose  axoiu  do  not  leuve  the  jcray  Diatter.  5,  tract, cells  whow 
mxona  imst  into  the  white  matter  of  the  poHterior  column.  Left  side:  1,  t!nterinc  fiberv  of 
the  [KMteriur  root,  enditiR,  from  within  outward,  as  follnwa:  (larkeN  C(»lunin.  (Misterior 
horn  of  oppomte  aide,  anterior  horn  riame  ^de  (reflex  arc),  Ut^^rol  horn  of  aame  ude.  poa- 
terior  horn  of  sarae  iidc;  2,  oollateralB  from  fibers  In  the  anterior  and  lateral  columfu;  8t 
ooUateimls  of  devcending  pjTamidal  fibent  eudini  anniud  motor  cells  in  anterior  horn. 


axons  divide  into  a  number  of  small  branches  like  those  of  a 
dendrite.  The  axons  of  these  cells,  tlierefore,  do  not  become 
medullated  nene  fibers;  they  take  no  part  in  the  formation  of 
the  spinal  rr>ots  or  the  tracts  of  white  matter  in  the  cord,  but 
terminate  diHiisely  within  the  gray  matter  itself.  (4)  The  pos- 
terior root  cells  lying  toward  the  base  of  the  anterior  horns.  These 
cells  have  l>een  demoiLstrated  in  some  of  the  lower  vertebrates 
(fjetromyzon — chick  eml)r>o)^  but  their  existence  in  the  mammal 
is  still  a  question  in  some  doubt;  their  axons  pass  out  from  the 
cord  by  the  posterior  root  and  they  form  the  anatomical  evidence 
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for  the  view  that  the  posterior  roots  may  contain  some  efferent  fibers. 
Some  of  the  groups  of  tract  celLs  have  been  given  special  names, — 
such,  for  instance,  a.s  Clarke's  colunm  (coluinna  vcsicularis).  This 
gn)up  of  cells  lies  at  the  inner  angle  of  the  ixisterior  horn  of  gray 
matter  (o,  Fig.  71),  anil  fonns  a  column  lunially  described  as 
extending  from  the  middle  luml)ar  to  the  upper  dorsal  region. 
The  axons  from  these  cells  pass  to  the  dorsal  margin  of  the  lateral 
columns  on  the  same  side  to  coastitute  an  ascending  tract  of  filwrs 
known  as  the  tract  of  Fiechsig.  or  the  dorsal  or  direct  cerebellar  tract. 
General  Relations  of  the  Gray  and  White  Matter  in  the 
Cord. — Cross-sections  of  the  cord  at  different  levels  show  that 
the  relative  amounts  of  gray  and  white  matter  differ  considerably 
at  different  leveb,  so  that  it  Ls  quite  possible  to  recognize  easily 
from  what  region  any  given  section  is  taken.  At  the  cervical  and 
the  lumbar  enlargements  the  amount*  of  both  gray  and  white 
matter — that  is,  the  total  cross-area  of  the  cord — show  a  sudden 


•While  noirfr 
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FlC-   00- — Curves  to  show  tha  rrlalivo  arcae  of  the  g^V  anil  while  nialtrr  of  the  epia&l 
«onl  M  dllbrant  levels. — {DonalHaon  nnd  OaeiM.)     The  HomAn  otuueraU  along  the 
rvfovent  tha  origin  ot  the  ijiflarent  npinal  nerves. 


incivase  owing  to  the  larger  numl>er  of  fibers  arising  at  these  levels. 
The  white  matter,  and  therefore  the  total  cross-area,  shows  also 
a  constant  increase  from  l)elow  upward,  due  to  the  fact  that  in 
the  upper  regions  many  fibers  exist  that  have  come  into  the  cord 
at  a  lower  level  or  from  the  brain,  those  from  the  latter  region  being 
gradually  distributed  to  the  spinal  nerves  as  we  proceeil  downward. 
In  the  accompanying  figure  a  cun-e  is  presented  showing  the  cross- 
area  of  the  cord  and  the  relative  amounts  of  gray  and  white  matter 
at  each  segment. 

Tracts  in  the  White  Matter  of  the  Cord,  Methods  of  Deter- 
mining.^The  separation  of  the  me<iullated  fibers  of  the  cord 
into  distinct  tracts  of  fibers  poss«'j«ing  different  functions  has 
been  accomplished  in  pjart  by  the  combined  results  of  investiga- 
tions in  anatomy,  physiology,  and  pathology.  The  two  methods 
that  have  been  employed  most  frequently  and  to  the  best  advan- 
tage are  the  method  of  secondare'  degeneration  (Wallerian  degen- 


158 


PHYSIOLOGY  OP  CtaflTRAL  NERVOUS  SYSTEM. 


eration)  and  the  method  of  myelinization.  The  method  of  second- 
ary degeneration  depends  upon  tlie  fact  that,  when  a  fiber  is  cut 
off  from  its  cell  of  origin,  the  peripheral  end  degenerates  in  a  few 
days.  If,  therefore,  a  lesion,  oxjjerimental  or  {mthological,  is  made 
in  the  cord  at  any  level,  those  fibers  that  are  affected  undergo 
degeneration:  those  with  their  cells  below  the  lection  degenerate  up- 
ward, and  those  with  their  cells  above  the  lesion  degenerate  down- 
ward. According  to  the  law  of  polarity  of  conduction  ui  the  neuron 
a  descending  degeneration  in  the  cord  indicates  motor  or  efferent 
paths  as  regards  the  brain,  and  ascending  degeneration  imiicates 
Benaory  or  afferent  paths.  It  is  obvious  that  localized  lesions  can 
be  used  in  this  way  to  trace  definite  groups  of  fibers  through  the  cord. 
If,  for  instance,  one  exposes  and  cuts  the  posterior  roots  in  one  or 
more  of  the  lumbar  nen-es,  the  portions  of  the  fil>ers  entering  the 
cord  will  degenerate,  and  the  path  of  some  of  these  fibers  may  be 
traced  in  this  way  upward  to  the  medulla.  The  degenerated  fibers 
may  be  revealed  histologically  by  the  staining  methoils  of  Weigert 
or  of  Marchi,  The  latter  method  (preservation  in  Miiller's  fluid, 
staining  in  osmic  acid  and  Mailer's  fluid)  has  proved  to  be  espe- 
cially ascful;  the  degenerated  fil>ers  during  a  certain  [X^riod  give 
a  black  color  with  this  liquid,  owing  probably  to  the  splitting  up 
of  the  lecithin  in  the  myelin  and  the  liberation  of  the  fat  from  its 
combination  with  the  other  portions  of  the  molecule.*  The  mye- 
linization method  was  introduced  by  Flechsig.  It  depends  upon 
the  fact  that  in  the  embr>'o  tlie  ncrA'e  fibers  as  first  formed  have 
no  myelin  sheath,  ami  that  this  easily  detected  structure  is  in  the 
central  ner\'ous  system  assumed  at  about  the  same  time  by  those 
bundles  or  tracts  of  fibers  that  have  a  common  course  and  func- 
tion. By  this  means  the  origin  and  termination  of  certain  tracts 
may  be  worked  out  in  the  embryo  or  shortly  aft^r  birth.  The 
■well-known  system  of  pyramidal  fil)ers,  for  instance,  is  clearly 
differentiated  in  the  nrnbrvo  late  in  int  ra-utcrine  life  or  at  birth, 
owing  to  the  fact  that  the  fil>ers  composing  it  have  not  at  that 
time  acquired  their  myelin  sheaths.  Flechsig  assumes  that  the 
development  of  the  myelin  marks  the  compIete<I  structure  of  the 
nerve  fiber  and  indicates,  therefore,  the  time  of  its  entrance  into 
full  functional  activity. 

General  Classification  of  the  Tracts. — ^The  tracts  that  have 
been  worked  out  in  the  white  matter  of  the  cord  have  been  classified 
in  several  ways.  We  have,  in  the  first  place,  the  division  into  as- 
cending and  descending  tracts.  This  division  rests  upon  the  fact 
that  the  axon  conducts  its  impulses  away  from  the  cell  of  origin,  and 
constHiuently  those  neurons  whose  axons  extend  upward  toward  the 

♦See  Halliburton,  "Tlie  Chemical  Side  of  Nervous  Activity/'  Loudon, 
1901;    "Croonian  Lectures." 
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higher  parts  of  the  cord  or  brain  are  designated  as  ascending,  since 
normally  the  impulses  conducted  by  them  take  this  direction.  They 
constitute  the  afferent  or  sensory  paths,  and  in  cai«  of  injury  to  the 
fiber  or  cell  the  secondar\'  degeneration  also  extends  upward.  The 
reverse,  of  course,  holds  true  for  the  descending  or  motor  paths. 
The  tracts  may  be  divided  abo  into  long  and  short  (or  s^mental) 
tracts.  The  latter  group  comprises  those  tracts  or  fibers  which 
have  only  a  short:  course  in  the  white  matter,  extendinu;  over  a  dis- 
tance of  one  or  more  spinal  segments.  Histologically  the  Abel's  of 
these  tracts  take  their  origin  from  the  tract  cells  in  the  gray  matter 
of  the  cord  and  after  nmning  in  the  white  matter  for  a  distance  of 
one  or  more  segments  they  again  enter  the  gray  matter  to  terminate 
around  the  dendritic  processes  of  another  neuron.  These  short 
tracts  may  be  ascending  or  <iescending,  and  the  impulses  that  they 
conduct  are  conveyed  up  or  down  the  cord  by  a  series  of  neurons, 
each  of  whose  axons  runs  only  a  short  distance  in  the  white  matter, 
then  conveys  its  impulse  to  another  neuron  whose  axon  in  turn 
tends  for  a  segment  or  two  in  the  white  matter,  and  so  on. 
These  tracts  are  sometimes  descril>ed  as  association  or  short  associa- 
tion tracts,  because  they  fonn  the  mechaniHiu  by  whiclj  the  activi- 
ties of  different  segments  of  the  cord  are  brought  into  association. 
Thb?  method  of  conduction  by  segmental  relays  involving  the  par- 
ticipation of  a  series  of  neurons  may  be  regarded  as  the  primitive 
method.  It  indicates  the  original  structure  of  the  cord  as  a  series 
of  segments,  each  more  or  less  independent  physiologically.  The 
short  tracts  in  the  mammalian  cord  lie  close  to  the  gray  matter, 
forming  the  bulk  of  what  Is  known  as  the  groimd  bundles.  The 
long  tracts,  on  the  contrary-,  are  composed  of  those  fibers,  as- 
cending or  descending,  which  nm  a  long  distance,  and,  in  fact, 
extend  from  the  cord  to  .some  part  of  the  brain.  It  is  known, 
however,  that,  although  the  tracts  as  tracts  extend  from  brain 
to  cord,  many  of  their  constituent  fibers  may  begin  an<l  end  in  the 
cor<l  or  in  the  brain,  as  the  case  may  l)e.  Some  of  the  fibers 
of  the  long  tracts  are.  therefore,  so  far  as  the  conl  is  concerned, 
simply  long  association  tracts  which  connect  different  regions — 
c.  g..  cer\'iral  and  lumbar — of  the  cord  by  a  single  neuron,  as  the 
short,  association  tracts?  connect  different  segments  of  the  same 
region,  it  is  siiid  that  in  these  long  tracts  those  Hl:)er3  that  have 
the  shortest  course  lie  to  the  inside — that  is.  nearest  to  the  gray 
matter.*  From  the  results  of  comparative  studies  of  the  different 
vertebrates  we  may  conclude  that  the  long  tracts  are  a  relatively 
late  development  in  their  phylogenetic  history,  and  that  in  the 
most  highly  developeil  animals,  man  and  the  anthropoid  apes, 

♦SherringUjnand  Laslett,  "Journal  of  Pliysiolugy/'  29.   188.  1903;  and 
Sherrington,  ihui.,  14,  255. 


I  GO 


PH' 


CE.VTHAL  N 


the.se  lonv:  tracts  are  rn(»i*e  rnn.s|>inu)ns  and  form  a  larger  pprcentnj^p 
of  the  total  area  of  tlie  roni.  A  physioln^ral  corollary  of  thi-? 
conclusion  should  Ix?  that  in  man  the  intiependent  activity  of  the 
cortl  is  less  marked  tluui  Ln  the  lower  vertebrates,  and  this  deduc- 
tion is  borne  out  by  faets  (see  p.  l^W). 

Specific  Designation  of  the  Long  Spinal  Tracts.— The  tracts 
that  are  most  sat isfucl only  determined  for  the  human  spinal  cord 
are  indicated  schematically  in  Fija;-  70. 

They  are  immetl  as  folldws:   In  the  ])osterior  colinnn, 

1.  The  tract  or  column  of  tloU— fascicuhis  gracilis. 

2.  The  tract  or  column  of  Burtlach — fasciculus  cuneatus. 

pd 


gr 


Fii.  70.— Schema  of  the  tracts  in  the  tipinal  ooM  (/Cfl/M-rr>;  <r,  Tract  of  Goll:  ^.  tract 
of  Buruaeb:  IK.  crossed  pyramidal  tract:  pd.  direot  pynunidol  truot;  /,  (nut  uf  rlechtBc: 
gr,  tract  of  Qowers. 

In  the  lateral  colunm, 

1.  The  crossed  pyramidal  tract,  ako  known  as  the  lateral 
pyramidal  tract  or  the  faacicidus  cerebrospinalL^  lateralis. 

2.  Flochsig's  tract,  known  also  as  the  direct  cerelwllar  tract, 
the  dorsal  cerebellar  tract,  or  the  fasciculus  cerel)elk>spinalis. 

3.  Gowers's  tract,  known  also  as  the  ventral  cerebellar  tract 
or  the  fasciculus  anterohiteralis  superficialLs. 

4.  The  anterolateral  ground  bundle,  made  up  chiefly  of  short 
association  fillers. 

In  the  anterior  columns, 

1,  The  direct  pyramidal  tract,  known  also  as  the  anterior  pyram- 
idal tract  or  the  fasciculus  cerebrospinalis  anterior. 
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Of  those  tracts,  those  of  Burdach  and  CJoll,  Fleclisi^  aiul  Gowers, 
represent  ascending  or  sensory  paths,  while  the  diiect  ami  the 
crossed  pyramidal  tracts  form  a  related  dej-cending  or  motor  path. 
It  will  l«*  convenient  to  describe  first  the  connections  and  physio- 
logical significance  of  these  tracts  and  then  refer  to  the  newer  work 
conceruiiig  less  definitely  established  ascending  and  descending 
paths. 

The  Termination  in  the  Cord  of  the  Fibers  of  the  Posterior 
Root. — All    sensory     fibers 

fn>m   the  limbs  and  trunk  -* 

enter  the  cord  through  the 
posterior  roots.  Inasmuch 
as  tliese  roots  are  suporli- 
cially  connected  with  the 
posterior  columns,  the  older 
observers  naturally  sup- 
posed that  these  columns 
form  the  pathway  for 
senH:tr\-  hu  pulses  in  t  he 
cord.  That  this  supposi- 
tion is  not  entirely  cor- 
rect was  proved  hy  experi- 
mental physiolog}-.  Section 
of  the  posterior  colunms 
causes  little  or  no  obvious 
lose  of  sensations  in  the 
parts  below  the  lesion. 
Ui-siological  investigation 
has  since  shown  that  only 
a  jX)rtion  of  the  fibers  en- 
tering through  the  posterior 
root  continue  up  the  cord  in 
the  posterior  column ;  some 
and  indeed  a  large  prfjpoi- 
lion  of  the  wliole  number 
enter  into  the  gray  matter 
and  end  aroxmd  tract  cells, 
whence  the  path  Ls  con- 
tinued upward  by  the  axons  of  these  latter  {-eiLs.  mainly  in  the 
Uiteriil  or  anterolateral  cohimns.  The  sc;vei'al  ways  m  which  the 
posterior  root  fibei-s  may  end  in  the  cord  are  indicated  in  Fig.  71. 

The  posterior  roots  contain   (il»ers  of  different  diiimelei"S  and 
hose  of  smallest  size  (1)  are  found  collected  into  an  area  known 

the  zone  of  LLssauer,  Iving  between  the  periphery  of  the  cord 
nnd  the  tip  of  the  posterior  hom.    These  fil>ers  enter  the  gray 
It 


Fig.  71.— Schemft  lo  show  tho  t^rmiDations 
of  the  ent<iirin«  fibew  of  Iho  por-icrior  root:  1, 
Fil>ers  entering  zoue  of  Luwiucr  uiuj  tcnii  inn  ting 
tti  |»i-trri«>r  hnm;  2,  fiber  torrninatini;  »r<iitnft  a 
tm(;t  i-oU  whuM  axon  pBAHe^  ii>1o  ishite  column  of 
same  .<u(lo ;  '6,  fiber  termioatinH  artiunvl  a  tnu't  cvtl 
wht»*«  axon  ria*«!«  to  opimwiIl"  Milt*  (rommiKfiiral 
cell);  4.  fiber  tcrininalinu  iiroiind  tntitnr  rcll  i>f 
antrrior  hom  (retlpx  arc);  5.  ftlior  tcniHimtinc 
in  imct  cell  of  cnluinn  "f  ilnrke;  C».  Iilx-r  (oxog- 
•noU4)  {>a»<(ui|r  upwiinl  in  jKi-tcrior  colutnn  to 
ttirminnte  in  Ihe  oirdultu  ubluneuti*- 
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matter  chiefly  in  the  posterior  horn  of  the  same  side  aDd«end  arovH 
tract  rolls.  The  brKor  fibers  of  the  root  lying  to  the  median  &£V 
fall  into  two  groups:  'I'liosc  lying  laterally (2, 3,4)  enter  the  gray 
matter  of  the  posterior  horn  and  end  in  tract  cells  (2)  whose  axons 
are  distributed  to  the  same  siile  of  the  coni,  or  in  tract  cells  whose 
axons  (3)  pass  to  fhc  other  sirle  through  the  anterior  white  com- 
missure,  or  in  the  motor  oelLs  of  the  anterior  horn,  thut;  making  a 
typical  reflex  arc.  Some  of  the  libers  of  tliLs  group  may  also  jiasi 
through  the  posterior  gray  commissure,  t<i  end  in  the  gray  matter 
of  the  opposite  side.  The  targ(*r  filx^rs  lying  nearest  to  the  median 
line  enter  the  eohimn  of  Hiirilaeh  and  run  forwani  in  the  cord, 
some  of  them  (6)  continuing  upward  to  the  medulla,  and  some  of 
them  (5),  after  a  shorter  course,  turning  into  the  gray  matter  to  end 
in  the  cells  of  the  column  of  Clarke.  The  axons  of  the  cells  in  the 
cohunn  of  Clarke  in  turn  jia,ss  out  of  the  gray  matter  to  constituto 
the  ascemling  path  in  the  latenil  column  known  as  the  dorsal  cere-. 
bellar  (Flechsig'is)  tract. 

This  general  outline  of  the  mode  of  ending  in  the  cord  of  the 
fibers  of  the  posterior  root  Ls  complicated  further  by  the  fact  that 
these  fibers  are  supposed  to  give  off  col  laterals  after  entering  the  cord. 
The  course  of  the  typical  fif)er  in  tlie  posterior  root  is  represented 
in  Fig.  C2.  According  to  this  diagram,  the  root  fiber  after  entering 
the  cord  makes  a  Y  or  T  division,  one  branch  passing  downward 
or  ]X)steriorly  for  a  short  distai^ce^  the  other,  longer  division  passing 
upward  or  anteriorly.  Each  of  these  main  stems  nmy  give  off  one 
or  more  lateral  branches,  sonsor>'  collaterals.  A  main  stem,  there- 
fore, which  runs  upward  in  the  column  of  Burdach  (6)  to  termuaate 
in  the  medulla  oblongata  may  give  off  collaterals  at  various  levels 
which  teniiinate  in  the  gray  matter  of  the  cord,  either  around 
tract  cells  or  around  the  anterior  root  cells,  fomiing  in  the  latter 
case  a  simple  reflex  arc.  The  existence  of  collaterals  upon  the  root 
fibers  within  the  cord  has  been  demonstrated  in  the  human  em- 
bryo, but  we  have  little  exact  information  concerning  their  numeri- 
cal value  in  the  adult.  The  schema  given  in  I'^ig.  71  must  therefore 
be  accepted  as  an  entirely  diagrammatic  representation  of  the  chief 
possibilities  of  the  nio<le  of  ending  of  the  fil)ers  of  the  posterior  root 
by  way  of  their  collaterals  as  well  as  by  way  of  the  main  stems. 

Ascending  (Afferent  or  Sensory)  Paths  in  the  Posterior 
Columns. — The  posterior  columns  are  comf>osed  [)artly  of  fil)ers 
derived  directly  from  the  posterior  roots  (6  in  schema)  and  arising, 
therefore,  from  the  cells  in  the  posterior  root  ganglia,  and  partly 
from  fibers  that  arise  from  tract  cells  in  the  gray  matter  of  the  cord 
itself.  It  is  convenient  to  speak  of  the  former  group  as  exog- 
enous fibers,  using  this  tenn  to  designate  nerve  fil>ers  which 
arise  from  cells  placed  outside  the  cord;   and  the  latter  group  as 
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endogenous  fibers — that  L*^,  fibers  that  have  their  cells  of  origin  in 
the  gray  matter  of  the  cord.  If  we  omit 
a  rouMderation  of  their  coUateraLs  the 
course  of  the  exogenous  fibers  is  eaaily 
understood.  They  come  into  the  cord  at 
c%'er>'  posterior  root,  enter  into  the  col- 
unm  of  Burdach,  and  patts  upwarii.  The 
iil>ers  of  this  kind  that  enter  at  the  lower 
-regions,  sacral  and  lumbar,  are,  liowever, 
gradually  pushed  toward  the  median  line 
by  the  exogenous  fibers  entering  at  higher 
levels,  so  that  in  the  upper  thoracic  or 
cer\'ical  regions  the  columns  of  GoU  are 
composed  maiidy  of  exogenous  fibers  thai 
have  entered  the  cord  in  the  lumbar  or 
sacral  region.  These  fibers  continue  up- 
ward to  end  in  two  groups  of  cells  that 
lie  on  the  dorsal  side  of  the  medulla 
oblongata  and  are  known,  respectively, 
as  the  nucleus  of  the  fasciculus  gracilis  (or 
nucleus  of  GoU)  and  the  nucleus  of  the 
:iculus  cuneatus  (or  nucleus  kA  Bur- 
dach).  Their  path  forward  from  tlie 
metlulla  Is  continued  by  new  neurons 
arising  in  the-se  nuclei,  and  will  Ije  de- 
scribed later.  The  course  of  these  fibers 
in  the  cord  may  be  showTi  beautifully 
by  the  method  of  secondary-  degeneration. 
If  one  or  more  of  the  posterior  roots  of 
the  hmibar  spinal  nerx'es  an'  cut»  or 
better  still  if  the  |M>sterior  colunms  are 
aevered  in  this  region,  the  degeneration 
will  afifect  the  exogenous  fibers  through- 
out their  course  to  the  meiiulla,  and  it 
will  be  seen  that  in  the  cer>'ical  n^plon  the 
degeneratt'd  fibers  are  groujjed  in  the 
area  of  the  column  of  CioU  (see  Fig.  72). 
The  endogenous  fibers,  so  far  as  they  are 
ascending,  represent  afferent  paths  in 
which  two  or  more  neurons  are  con- 
cemr<l.  The  posterior  root  fillers  con- 
cerned in  these  paths  end  in  the  gray 
matter  of  the  cord  and  thence  the  con- 
duction ia  continued  by  one  or  more 
tT«ct  cells.    The  conduction  by  this  set 
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Fi«.  72.  ^Diacrxn* 
4io<r  roun«  of  upw&rd  d»* 
I^DprntiuD  of  fiber*  of  po«t»* 
nor  ciJuniDs  after  wwtioo  of 
K  DUinber  of  posterior  rooM 
of  th«  oerves  forroinK  ilte 
luaibosft«T»l  (4«xu».— (,Af"«.) 
It  will  be  Dot«d  that  in  tha 
eervical  region*  the  deitvner- 
»t»d  area  ta  Hmfined  lu  the 
eolumn  of  Ooll. 
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of  fibers  may  be  on  the  same  side  of  the  cord  as  that  on  which  the 
root  fibers  entered,  or  it  may  be  crossed,  or  using  a  convenient 
terminolog)'  it  may  be  homolateral  or  contralateral.  The  physio- 
logical value  of  the  ascending  fil>ers  in  the  posterior  columns  has  been 
investigated  by  a  large  number  of  ui>sor\'ers.  The  physiologists 
have  employed  the  direct  metliod  of  cutting  the  column.^  in  the 
thoracic  or  lumbar  region  and  obser\'ing  the  effect  upon  the  sensa- 
tions of  the  parts  below  the  lesion.  The  f>ositive  results  of  these 
experiments  have  been  difficult  to  inleqjret.  ^^lost  of  the  older 
observers  found  that  there  was  no  detectable  change  in  the  sensa- 
tions of  the  parts  below,  but  they  jMiid  attention  only  to  cutaneous 
sensations, and  indeed  chiefly  to  the  sense  of  pain.  Later  obscn'crs* 
have  differed  also  in  their  description  of  the  effects  of  tliis  operation; 
but  most  of  them  state  that  the  animal  shows  an  awkwardness 
or  lack  of  skill  iti  the  movements  of  the  hind  limbs,  esj>ecially  in 
the  finer  movements,  and  this  effect  is  inteqireted  to  mea,n  that 
there  is  some  loss  of  muscle  seiLse.  Tliis  conclusion  is  strength- 
ened by  the  results  of  pathological  anatomy.  In  the  disease  known 
as  tabes  dorsalLs  the  posterior  columns  of  the  cord  in  the  lumlwir 
region  arc  affected  and  the  striking  symptom  of  this  comlition  is 
an  interference  with  the  jwwer  of  eo-ordinatuig  pro|)erly  the  move- 
ments of  the  lower  limbs,  f>arlicularly  in  the  act  of  maintaining 
b<»dy  eH|iiiJibrium  in  ntundiri;;^  uiid  walking, — a  condition  known 
as  loLMUiuflur  ataxiii.  So  far  us  the  cutaneous  sensations  arc  con- 
cerned,— that  is,  the  sensations  of  touch  (pressure),  pain,  and  tem- 
perature,— all  obsiTvers  agree  that  the  two  latter  nre  not  affected^ 
while  n^garding  touch  opinions  have  differed  radically.  Schiff 
contended  IhuL  (ouch  sensations  an*  detectable  as  long  as  these 
columns  arc.  intact  and  are  seriously  interfered  with  when  they  are 
sectioned;  but  must  of  the  lesults,  pathological  and  exptmmental, 
indicate  that  when  the  Rontinuity  of  those  fibers  is  destinyed  the 
sense  of  touch  is  still  present  in  the  parts  supplied  I>y  the  cord  below 
the  lesitm.  To  summarize,  therefore,  we  may  say  that  the  evidence 
at  hand  proves  that  the  ascending  fibers  of  the  posterior  column 
do  not  convey  impulses  of  pain  or  tempomture,  that  if  they  convey 
any  touch  (pressure)  impulses  they  certninly  do  not  form  the  onlj' 
path  of  conduction  for  this  sense,  and  that  most  probably  their 
chief  function  is  the  conducticm  of  impulses  of  muscle  sense, — 
that  is,  they  consist  of  sensor^'  fil)ers  from  the  vo]untar>'  muscles. 
The  muscle  sensations  thus  aroused  in  the  higher  parts  of  the 
brain  are  necessary  to  the  proper  co-orrliiiation  of  the  movements 
of  the  muscles.  Injury  to  these  colunms,  therefore,  while  it  does 
not  cause  paralysis,  L*?  followed  by  disorderly—that  is,  ataxic — 


*  Borchert,  "Archiv  f.  Phvsiologie,' 
Journal  of  Phyfiiology,"  14,  2^5,  1893. 
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movement.  On  the  hbtological  side  it  has  been  shown,  as  stated 
aliove,  tliat  the  fiU^rs,  partifularly  the  exogenous  fibers,  end  in 
nuclei  of  the  nie<luila  and  thence  are  continued  forward  by  the  great 
sensor>'  tract  known  as  the  *'  fillet/'  to  end  eventually  in  that  part 
of  the  cortex  of  the  cerebrum  ilesignated  as  the  area  of  the  body 


Ascending  (Afferent  or  Sensory)  Paths  in  the  Lateral 
Columns.— The  two  Ix-^^t  known  a.scendjng  tracts  in  these  cohinins 
iTv  those  of  Flechsig  and  of  Gowers.  'i"he  Tlcchsig  bundle  or  dor- 
nal  cerebellar  tract  takes  it*  origin  in  the  upper  lumbar  region, 
and  is  composed  of  axons  connected  with  the  tract  cells  of  Clarke's 
column.  The  inipidses  which  its  fibers  convey  are  brought  into 
the  rnni  thmugh  those  fillers  (»f  the  pt>sterior  root  that  entl  around 
the  cells  of  Clarke's  column.  A  number  of  the  iilx^rs  in  this  col- 
umn end  doubtless  in  the  gray  matter  of  the  u]>per  regions  of  the 
cord,  but  most  of  them  con- 
tinue upward  on  the  same  side, 
enter  the  inferior  |jeduncle  of 
the  cerebellum,  and  terminate 
in  the  posterior  and  median 
portions  of  the  vermiform  lobe, 
mainly  on  the  same  side,  l>ut 
partly  aUo  on  the  opposite 
side.  The  tract  of  CJowers, 
situated  ventrally  to  Flcchsig's 
bundle  {gr.  Fig.  70),  may  ex- 
.lend  forward  into  the  anterior 
TOlumns  along  the  jx-riphery 
of  the  cord.  The  two  bundles 
may  be  more  or  less  intennin- 
tglod  at  the  points  of  contact. 
This   tract    l>egins  also  in  the 

upper  lumbar  region,  its  fibers  arising  on  the  same  side  from  tract 
cells  situated  in  the  anterior  horn  and  the  so-callcil  intermediiite 
portions  of  the  gray  matter.  Many  of  the  fil)ers  iu  this  tract  doubt- 
less terminate  in  the  cord  itself,  since  the  l)undle  does  not  inrreiise 
regularly  in  size  as  it  piusses  up  the  cord.  Most  of  the  bundle 
continues  forward,  however,  along  the  ventral  side  of  the  pons, 
gradually  shifts  more  to  the  doi^al  side,  and  at  the  level  of  the 
superior  peduncles  of  the  cerel)ellum  turns  backwartl.  for  the  most 
part  at  least,  and  passes  to  the  cerel)ellum  by  way  of  the  superior 
peduncles  and  the  valve  of  Vieusaens.  to  en<i  in  the  vermiform  lolxs 
chiefly  on  the  same  side,  but  to  some  extent  on  the  opposite  side  * 
(Fig.  73).     Regarding  the  physiolog>'  of  these  two  tracts  there  is 

*  For  the  literature  upon  tbe«e  tract«  ace  Von  Gchuohten,  "  Le  N^vraxc," 
),  U7.  1901. 
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Fl«.  73. — To  chow  ihe  coun*  nf  (ho  Hbera 
of  the  cvrehvllar  tntcln  of  the  cofxl  {JUcUil 
v.a.c.,  vfntrni  trad  (<ioirrr«);  J.a.c.  Jor- 
aftl  tract  (F)ecti»iit) :  ■.«.,  tnipehor  vermia; 
P.C.Q„  pwterior  eorponi  quailriKemioa. 
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little  experimental  and  not  much  clinical  evidence.  Some  observexs 
have  cut  the  tract  of  Flechsi;;  in  animals,  but  with  no  very  ohvious 
effect  except  again  a  slight  dejjree  of  ataxia  in  the  movements 
l>eIow  the  lesion  and  some  loss  of  muscular  tone.*  This  r^e^ult 
together  with  the  fact  that  the  bundle  ends  in  the  cei-ehellum 
gives  reason  for  believini;  that  the  fillers  mediate  muscular  sensi- 
bility. As  we  shall  .see,  much  evidence  of  various  kinds  connects 
the  cerebellum  with  the  co-ordination  of  the  muscles  of  the  Ixxly 
in  the  complex  movements  of  stamiinf?  and  locomotion.  This 
power  of  coHU'dinatkm  in  turn  depends  upon  the  sensorj'  impulses 
from  the  muscles,  and  since  tlie  fil>ers  of  the  tract  of  Flechsig  end 
in  the  cereljellum,  and  sincR  experimental  legion  of  them  gives 
no  loss  of  cutaneous  sensibility  and  some  degree  of  ataxia,  it  seems 
justifiable  to  conclude  that  these  fil>ei's  are  phy.«iologically  muscle- 
sense  fibers.  The  tract  of  Gower-s  hiis  not  been  the  subject  of 
much  experimental  study  from  the  physiological  side.  Clinically 
the  tract  may  be  involved  in  patliologicai  or  traumatic  lesions  of 
the  lateral  columns.  Gowei-sj  lum^olf  gives  a  history  of  some  such 
cases  which  lead  him  to  believe  that  this  tract  constitutes  a  path- 
way fcjr  pain  impulse-?,  and  this  view  or  the  view  that  it  conducts 
the  impulses  of  l>oth  pain  and  temjjerature  has  l>een  more  or  less 
generally  accepted.  Little  conhdence,  however,  can  Ije  placed 
in  this  ronchision,  since  the  lesions  in  question  were  not  strictly 
conllnpd  Xn  the  coluTnn  of  Gowers.  The  oidy  p<isitive  indication 
that  we  liave  concerniii;^  the  pliysiological  value  of  these  fibers  is 
given  by  their  histolo^jv  in  the  fact  that  they  eml  for  the  most  part 
in  the  cerebelhun.  The  cerebellum  we  know  may  Ijc  removed  in 
dogs  and  monkeys  without  loss  of  the  sensation  of  pain,  tempera- 
ture, or  touch,  and  this  fact  speaks  strongly  against  the  view  that 
either  the  tract  of  Kle<'hsig  or  that  of  CJowers  is  concei*nc<l  in  the 
conduction  of  these  cutaneous  sensations.  From  a  physiological 
standpoint  we  ^)hould  1m?  inclined  ti>  l>elicve  that  both  of  these 
tracLs  conduct  the  impvilses  of  the  deejwr  sensibilities,  particularly 
the  sensations  arising  from  the  muscles,  tendons,  and  joints. 
It  would  seem,  therefore,  that  all  the  long  ascending  tracts  in  the 
posterior  and  lateral  columns  of  the  cord  may  be  made  up  of  fillers 
of  muscle  sense,  usine;  this  term  in  a  wide  sense  to  include  the  <leep 
sensibility  of  the  joints,  tendons,  ami  muscles.  The  immense 
importance  of  muscular  sensibility  in  the  mtiinienance  of  life  and 
in  defense  against  enemies  may  explain,  upon  the  doctrine  of  the 
struggle  for  existence,  why  the  long  paths  should  have  been  devel- 
oped first  in  connection  with  this  sense. 

•  Ring,  "  Archiv  fiir  Phymologic,"  1906,  250. 
t  Gowers.  "  Lancet."  1886. 
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The  Spinal  Paths  for  the  Cutaneous  Senses  (Touch,  Pain, 
and  Temperature).  Kmrn  the  facts  slated  in  the  last  two  paru- 
pnijjhs  it  would  socni  probable  that  the  spinal  paths  for  tourh. 
pain,  and  ttfini>enitiire  must  Ije  along  the  phorl  association  tracts 
of  the  ^Tound  bundles  of  the  lateral  and  anterior  colunins.  There 
is  evidence  from  the  clinical  side  that  the  paths  of  conduction  for 
Hcnses  are  separate.     In   the  puthoKtKical   rinulition   known 

syringomyelia  cavities  are  formed  in  the  cuni  jfTcrtim;  chiefly 
the  centra!  gray  nmtter  and  the  conti^tious  portions  of  the  white. 
In  these  casce  a  fre<^nent  symptom  is  what  is  known  as  tl»e  di»- 
fiociiition  of  seii.sations:  the  patient  loses,  in  certain  regions,  the 
sensations  of  pain  ami  temperature  (analpcsia  and  thermo-anes- 
ihesia).  bnt  preserves  that  of  pressure  (touch).  Facts  of  this  kind 
indicate  that  the  paths  of  conduction  for  touch  are  separate  from 
thoae  for  pain  and  temperature,  but  little  that  is  positive  is  known 
rej^arding  the  exact  lcK*ation  of  these  paths.  The  fibers  of  pain 
and  iemi>erature  probably  end  in  the  pray  matter  of  the  cord  (p(«- 
terior  hom^  soon  after  their  entrance,  and  the  path  is  continued 
upward  by  tract  cells  whose  axons  enter  the  grounti  bundles  in  the 
lateral  or  anterolateral  columns,  most  probal)Iy  in  the  lateral  col- 
umns, so  far  at  least  as  the  lower  animals  are  concerned.*  but 
the  nunil»er  of  such  neurons  concerned  in  the  conduction  as  far  as 
the  med\dla  is  not  known.  Regarding:  the  path  for  the  touch 
impulses  a  singular  amount  of  uncertainty  prevails.  This  sense 
y-  not  totit  in  cases  of  s>'ringomyelia  in  which  the  otlier  cutaneous 
sen-ses  are  affe<'ted.  On  the  other  hand,  the  posterior  colunnis. 
««  we  have  seen,  may  Ixi  completely  sectioned  in  lower  animals 
without  destroying  or.  indeed,  affecting  the  sense  of  touch,  and 
in  the  case  of  man  extensive  pathological  lesions  of  the  same  col- 
umns are  re|.>ortetl  in  which  the  sense  of  touch  was  not  lost.  Some 
authoi's.  therefore,  have  lieen  le<l  to  Ijelieve  that  the  (ouch  impulses 
may  l)e  conveyerl  up  the  cord  by  several  jmths:  by  the  long  asso- 
ciation fibers  of  the  posterior  columns  and  by  the  short  association 
fibers  of  the  lateral  columns.  Such  a  x'iew  receives  little  support 
from  the  experimental  work  on  the  lower  mammals.  In  these 
Animals  the  evi<lence  tenils  to  show  that  the  conduction  is  by  way 
of  the  lateral  or  anterolateral  colunuis.  by  means  of  tract  cells  and 
short  association  tracts.  The  fact  that  in  man  the  clinical  evidence 
ffipms  to  point  to  the  j>osterior  columns  as  a  possible  or  indeed 
probable  path  for  the**e  filx^rs  may  serve  to  exemplify  the  fact  that 
in  these  matters  the  various  mammalia  differ  more  or  less  according 
to  the  degree  of  their  development.  It  seems  ptxssil)le  also  that 
some  confusion  may  have  resulte<I  from  a  failure  t«  differentiate 
between  true  cutaneous  touch  (pressure)  sensations  and  those 
*  For  recent  diacussion  eee  Rertholct,  Le  N£\TiLxe,  1906.  vii..  283. 
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designated  hy  Head  *  as  deep  pressure  fienautions.  This  author  has 
shown  tlial  the  lulter  are  mediated  through  the  afferent  fillers  to 
the  muscles  and  constitute  apparently  a  pait  of  the  group  of  sensa- 
tions descriljed  as  muscle  sense.  The  path  for  this  deep  sensibility 
to  toucii  probably  lies  in  the  posterior  cokunns. 

Homolateral  and  Contralateral  Conduction  of  the  Cuta- 
neous Impulses.— <^reat  interest,  from  the  medical  side,  has 
been  i^htiwn  in  the  question  of  the  crossed  or  uncrossefl  conduc- 
tion of  the  cutaneous  impulses  in  the  cord.  The  matter  is  nat- 
urally one  of  importance  in  diagnosis.  In  human  lieings  it  was 
jwinted  out  hy  Brown-Sctjuard  f  that  imilaterul  lesions  of  the 
cord  are  followetl  by  muscular  paralysis  below  on  the  same  side 
and  loss  of  cutaneous  sensibility  on  the  opposite  side.  This  s>ti- 
drome  has  bet^n  held  rlinicnlly  to  establish  the  diagnasis  of  a  uni- 
lateriJ  lesion.  ai»d  has  led  to  iho  view  that,  while  the  conduction 
of  the  motor  impulses  is  homolateral,  that  of  the  sensory  impulses 
is  contralateral.  Experimental  work  on  lower  animals,  on  the  con- 
trary, has  not  rtupjK>rted  this  view.  While  results  in  this  direction 
have  varitxb  as  w'ould  be  exi>eote4l  from  the  intrin.sic  difficulties 
connected  w'ith  the  mterpretation  of  the  sensations  of  an  animal,  the 
general  outcome  has  been  to  show  that  the  sensor}'  conduction  is 
bilateral,  but  mainly  on  the  same  side.  That  Ls,  if  the  cord  is 
cut  on  one  side  only  (hemisected)  in  the  thoracic  region,  the  sensi- 
bihty  of  the  ])arts  supplied  Im?Iow  the  lesion  is  impaired  upon  the 
same  side,  but  not  completely  al>olisheiJ,  showing  that  some 
crossing  ha.s  taken  place.J  It  is  possible  that  this  crossing  Ls  more 
complete  in  man  than  in  the  lower  animals,  although  later  studies 
in  man  of  unilateral  lesions  of  the  cord  ( Hrovm-Sequard  paralysis) 
indicate  that  the  contralateral  loss  of  cutaneous  sensibility  affects 
cliieriy  the  senses  of  pain  ami  temperature;  the  loss  of  touch  is  not 
complete,  and  muscular  sensibility  is  affected  only  on  the  same 
side.  On  the  whole,  it  woukl  seem  that  the  crossing  of  the  sensor>^ 
fillers  in  the  cord  is  only  partial,  and  Ls  more  extensive  in  man 
than  in  the  lower  animals.  This  partial  crossing  Ls  probably  com- 
pleted in  the  bmin,  especially  in  the  great  senson.'  decussation  in 
the  medulla. 

The  Descending  (Efferent  or  Motor)  Paths  in  the  Antero- 
lateral Column. —  The  main  descending  path  in  the  cord  is  the 
pyramidal  system  of  fibers.  In  man,  as  shown  in  Fig.  70^  there 
are  two  fasciculi  l>elonging  to  this  system, — the  direct  and  the 
crossed  pyramidal  tracts.  Both  tracts  arise  from  the  ant<jrior 
pyramids  on  the  ventral  face  of  the  me<lulla.  whence  the  name  of 

*  Head  and  Rivew.  "Brain,"  1905.  99. 

t  Brown-S^uard.   'Journal  de  Physiologie,"  6,  124,  232,  581.  1863. 

i  Mott,  "Brain,"  1895.  I.  and  Bcrtholet,  "Le  X^vraxe/'  lft06,  vii„  283. 
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the  pyramiilal  syHiem.  At  the  junction  of  the  medulla  and  cord 
the  filjers  of  the  pyramids  decussate  in  part,  forming  a  conspicuous 
feature  of  ihe  internul  structure  at  ihis  point  kncnvn  as  the  pyram- 
idal decussation.  Accordini;  to  the  general  schema  of  this  decus- 
sation ^aee  Fig.  74),  the  larger  number  of  the  fibers  in  the  pyramid 
of  one  si<ie  piuss  over  to  form  the 
croesed  pyramidal  trad  of  the  other 
«de  of  the  cord  (4,  5).  while  a 
smaller  part  (3)  continues  down 
on  the  same  side  to  form  the  direct 
pyramidal  tract.  Kventually,  how- 
ever, these  latter  fi]>ei's  alsfj  cross 
the  mid-line  in  the  anterior  white 
commissure,  not,  however,  all  at 
once,  A8  at  the  pyramidal  decussa- 
tion, but  some  at  the  level  of  each 
spinal  nerve.  The.se  py  ram  idal 
fibers  have  their  orij^in  in  the  cortex 
of  the  cerebral  hemispheres  in  large 
pyramidal  cells;  some  of  them  cross 
the  nud-line  Ixjfore  rcachui^  the 
mc<lulla  to  end  amimd  the  cells  of 
origin  of  the  cranial  ner\'e8;  but 
the  greater  numljer  continue  into 
the  cord  and  after  crossing  the 
mid-line  in  the  pyrami<lal  decussa- 
tion or  in  the  anterior  white  coni- 
nm^ure  terminate  around  the  motor 
cells  of  the  anterior  horns,  which 
give  rise  to  the  motor  roots  of  the 
spinal  nerves.  Both  tracts,  the 
crossed  and  the  so-railed  direct, 
continue  throughout  the  length  of 
the  cord,  diminishing  in  area  on  the 
way  a-s  some  of  their  fillers  termin- 
ate in  each  segment.  This  system 
of  fil»prs  is  supposed  to  represent 
the  mechanism  for  effecting  volun- 

l*ry  movements,  and  according  to  the  general  schema  the  volun- 
tary' motor  f>ath  from  cerebrum  to  mu.scle  (comprises  two  neurons, 
— the  pyramidal  neuron  and  the  spinal  or  the  cnmial  neuron. 
Moreover,  as  reprcsente<i  in  the  si'hema.  the  innervation  is  crossed, 
the  right  side  of  the  brain  controlling  the  musculature  of  the  left 
side  of  the  body  and  vu:€  versa.  As  we  shall  see,  however,  when 
we  come  to  study  the  motor  areas  of  the  brain,  this  rule  has  im- 


Fis.  74. — Schem&  rvpreMoting 
tb«  course  of  tb«  fib«nof  tiie  pynun* 
idal  tract.  1.  Fib«rs  to  ibe  fiuclei  ot 
the  cranial  nerve:  '2,  uncnKMHi  tibana 
to  ibe  lat«ral  pyrarai^lal  trart:  ;i.  A~ 
bera  to  tfa«  antmior  pjrmniidal  tract 
ertming  in  tb«  oonl:  4  and  £,  6befB 
that  eroM  in  th«  pyramidal  decuaB»- 
tion  to  make  the  lateral  pyramidal 
tract  uf  the  upp«mte  side. 
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portant  exceptions,  and  hi±;tolo^cally  there  is  proof  that  some  of 
the  fibers  in  each  pyramid  (2  in  Fig.  74)  continue  into  and  termi- 
nate in  the  cord  on  the  same  side.  The  pyramidal  system  varies. 
in  an  interesting  way,  in  the  extent  of  its  development  among  the 
diflferent  vertebrates.  It  reaches  its  highest  development  in  man 
and  the  anthropoid  apes.  In  the  other  mammaha  it  [*>  relatively 
less  important  and  the  direct  tract  in  the  anterior  columns  is  lack- 
ing altogether.  In  the  birds  what  reprej^ents  the  same  system  is 
found  in  the  anterior  columns  (Sandmeyer),  while  in  the  frog  the 
system  does  not  exist  at  all. 

The  relative  importance  of  the  system  In  the  different  mammalia 
Is  indicated  in  the  accompanying  table  taken  from  Lenliossek  ♦ 
in  which  the  area  of  the  p>Tamidal  system  is  given  in  percentage 
of  the  total  cross-area  of  the  cord: 

Mouse 1.14  percent. 

Guinea  pig 3-0  " 

_  Rabbit 5.3  " 

K  Cat 7.76        " 

■  Bfan 11.87 

Evidently,    therefore,    the   importance   of    the   pyramidal   system 

varies  in  different  animsds,  and  it  is  necesHar>'  to  l>car  this  fact 
in  mind  in  applying  the  i-efiiilts  of  experiments  on  the  lower  animals 
to  man.  In  the  lowest  vertebrates  there  are  undoubtedly  motor 
paths  between  the  brain  and  cord  through  which  so-railed  voluntary 
movements  ixre  cfTerlcd.  hut  tlieso  arc  probaftly  short  paths  in- 
volving a  nuinlter  of  neurons.  The  higher  the  position  of  the 
animiil  in  the  phylogenelic  scale,  the  moi-e  complete  is  the  develop- 
ment of  the  long  pyraiuidul  system:  but  even  in  the  higher  mam- 
mals it  is  pi'olmble  that  motor  paths,  other  than  the  pyramidal 
system,  connect  the  cortex  and  subcortical  rentei"s  with  the  motor 
nuclei  in  the  cord.  In  the  dog,  for  example,  section  of  the  pyramids 
is  not  f[)llo\ved  by  complete  paralysis,  and,  indeed,  after  such  sections 
stimultilion  of  the  njotor  areas  of  the  cortex  still  causes  definite 
muscular  iriovcments.t  *^ne  such  indiivct  motor  path  is  referred 
to  l>eiow  in  connection  uilh  the  riilnospinal  tract  (Monakow's 
bundle). 

Less  Well-Known  Tracts  in  the  Cord.— In  addition  to  the 
tracts  just  described  ther-eare  a  number  of  others— mainly,  descend- 
ing tracts^  concerning  which  our  anatomical  knowle<lge  in  less  com- 
plete, and  the  physiological  value  of  whirii  is  entirely  unknown  or 
at  best  is  a  matter  of  inference  from  the  anatomical  i-elations.J 

*  Lenhussck.  "  Bau  dos  NervcnHyfttem«."  secornl  etJition,  I8U.>. 

t  Rolhmann.  "ZeitKcIirift  f.  klin.  tnfMi.."  vol.  xlviii..  IV03. 

j  ("oilier  ami  Buzzard.  "Brain."  UK.)!.  177;  and  Frast-r.  "Journal  of 
Physiology."  28,  360,  1*.HT2.  For  suinmarv  and  literature  coni?uIt  Van  Ge- 
huchtcn,  ".\nfttomie  dn  Hyst^me  iier%'eux  tfe  I'homnie, "  4tl»  cd.,  1906. 
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Descending  Tracts  in  the  Pottteriar  Column — Comma  Tract  ; 
Oval  Field.  —  In  the  posterior  columns  several  tracts  of  de.'^cenfiing 
fibers  have  l»een  tlescrilnMl.  The  comma  tract  of  Schultze  is 
found  in  the  cervical  and  the  iipfier  thtiracic  conl.  The  Inindle 
lies  at  the  boMcr-line  Ix^tween  the  columns  of  (loll  and  Hiiniach. 
In  the  lower  re^ons  of  the  cor<l,  lumhur  und  .'^acral,  similar  small 
areas  of  de.soendinR  filwrs  are  found — oval  i'nAd  (Flechsigi,  median 
trianfcle  (Gombault  and  Philipjjej  -  which  represent  possildy 
different  systera^i.  It  is  probable  that  these  filn^rs  t)elonf^  to  the 
^roup  of  long  aiworiation  fil>erfl  connecting  distant  portions  of  the 

troni      N'othins;  is  known  resiirdini;  their  physiology. 
DcACtmiiiuif  Tracts  in  Ow  Anterohirral  Column. — The  prep\vram- 
idul  iraci,  known  also  a3  Monakow's  bundle,  the  fasciculus  inter- 
nediolateralU.  or  the  rubrospinal  tract,   is  a  conspicuous  bundle 
rormins  a  weilse-shaped  or  triangidar  area  in  the  lateral  columns 
Ijelween  the  crai,sed  pyramitLiI  tract  and  the  tract  of  Cowers,  or, 
perhaps,   more   correctly   speaking,    forminj^   the   anterior  portion 
of  the  crosjied  pjTamida!  tnwrt;  the   two  systenvs   l)eing  more  or 
t&B  intermingled.     The  fibers  composing  this  bunrlle  are  tlesccniling 
fibers  that  lake  their  origin  in  the  midbrain  in  the  cells  of  the  red 
nucleus.     Shortly   after   their   orii^in    they    cro>«    to    the   opposite 
aide,  and  passing  through  the  pons  and  medulla  enter  the  spinal 
cord  in  the  lateral  columns,  in  which  lliey  may  Ije  delected  lus  far 
AS  the  sacral  respon.     Its  fiV)ers  terminate  around  cells  lying  in  the 
posterior  part  of  the  anterior  horn  of  gray  matter  whose  axons 
I         in  turn  prt>bably  emerge  through  the  anterior  roots.     This  tract, 
^m  therefore,  constitutes  a  crossed  motor  path  from  midbrain  to  the 
^m  anterior  roots,  and,  since  the  red   nu<*leu3   in  turn  Is  connected 
H   uriih  the  cerebnira,  either  directly  or  by  way  of  the  cerebellum,  it 
~    represents  a  corticospinal  motor  path    in  acldition   to  that  offered 
^^   by  the  pyrami<lal  system. 

^p        The  vcstibulaspinal  fibers  lie  anterior  to  the    preceding   tract 

^^  in  the  anterolateral  ground    bundle;    they    may  extend   into    the 

anterior  column  as  far  as  the  direct  pyramidal  tract.     These  filers 

originate  in  the  nucleus  of   Deiters.     In  the  cord  the  fil)ei-s  end 

I  around  cells  in  the  anterior  horn.  Since  the  Deiters  nucleus  fomis 
a  termination  for  the  sensory  fibers  of  the  vestibular  branch  of  the 
eighth  cranial  nerve,  ami  since  these  fillers  are  l)elieve<l  to  give  us 
a  Bonse  of  the  position  of  the  Iwady  and  to  l>e  concerned  in  the  reflex 
adjustment  of  the  mu.sde-s  in  the  movements  used  to  maintain 
equilibrium,  their  connection  in  Deiters'  nucleus  with  a  spinal  motor 
path  becomes  very  significant  as  furnishing  a  reflex  arc  through 
which  sensor)^  impressions  from  the  vestibular  apparatus  in  the  ear 
may  automatically  control  the  musculature  of  the  body.  A  numl>er 
of  other  descending  paths  in  the  anterior  and  lateral  columns  have 
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been  described,  such  as  Helweg^s  bundle  or  the  olivospinal  tract, 
lying  on  the  margin  of  the  cord  at  the  junction  of  the  anterior  and 
the  lateral  columns  and  supposed  to  arise  in  the  olivary  bodies; 
the  anterior  and  the  lateral  reticulospinal  tracts  arising  from  cells 
in  the  reticular  formation  of  medulla,  pons,  and  midbrain;  and 
the  continuation  into  the  cord  of  the  important  posterior  longitu- 
dinal bundle  which  extends  from  the  midbrain  through  to  the  cord 
and  connects  the  motor  nuclei  of  the  cranial  nerves  with  the 
motor  centers  of  the  cord.  Concerning  these  and  similar  tracts 
our  physiological  knowledge  is  scanty,  and  it  is  not  possible  at 
present  to  employ  them  with  certainty  in  explaining  the  activity 
of  the  neuromuscular  apparatus. 


CHAPTER  IX. 

THE  GENERAL  PHYSIOLOGY  OF  THE  CEREBRUM 
AND  ITS  MOTOR  FUNCTIONS. 

From  thp  time  of  (Salon  in  the  second  centun-  of  the  Christian 
em  the  bniin  has  lx>en  recognizeil  bm  the  orpun  of  intelligenee  and 
consciouH  nensations,  Galen  cntahlished  this  view  not  only  by 
anatomical  dissections,  confirming  the  older  work  of  the  Alexandrian 
flchool  (third  century  B.C.)  in  regard  to  the  origin  from  the  brain 
of  th<!  cranial  nerves,  but  also  by  nuinerouH  vivisection  exf)eriment« 
upon  lower  aninmU.  All  modem  work  ha*;  confirmed  this  belief 
and  hart  tended  to  show  that  in  the  cen^bral  hemispheres  and,  indeed, 
'm  the  cortex  of  pr&y  matter  lies  the  seat  of  consciousness. 
It  is  peHiap8  still  an  open  question  a^  to  the  existence  of  a 
conscious  or  ps^'chical  factor  in  the  activities  of  other  jmrts  of  tlie 
nervous  sEVstem.  but  there  is  no  doubt  that  the  highest  tlevelop- 
roent  of  ps\'chical  activity  in  man  is  associated  with  the  cortical  mat- 
ter of  the  cerebrum.  In  the  yotmg  infiint  the  dawn  of  itvs  mental 
powers  is  connected  with  and  dependent  on  the  development  of  the 
nonnal  cortical  structure,  while  in  extreme  ace  the  failure  in  the 
mental  factdties  gi^s  hand  in  hand  with  an  atrophy  of  the  elements 
of  the  C4irtex.  if  thlt  cortex  were  removed  all  the  intelligence,  8>en- 
aation.  and  thought  that  we  recognize  as  characterizing  the  hight^t 
pf>*chicu]  life  of  man  would  Ix*  "lestroye<l,  and  abnormalities  in  the 
8tructun>  uf  this  cortical  material  are  accepted  as  the  irnn)ediate 
eausal  factor  of  those  jx^rversions  Ln  reasoning  and  in  character 
which  are  exliibited  by  the  iasane  or  the  degenerate.  Tlie  cortical 
l^ray  matter,  thercfone,  Ls  the  chief  organ  of  the  psychical  life,  the 
tissue  thrtmgh  wh(»s4»  activity  tlie  objective  changes  in  the  external 
world,  sri  far  as  they  affect  our  seaso  organs,  are  converted  into 
the  subjective  clianges  of  consciousness.  The  uatun*  of  thiw  n>ac- 
tioo  coivttitutes  the  most  difficult  problem  of  physiology'  anil  psy- 
chology, a  problem  which  it  is  generally  believed  is  l>eyond  the 
poftftibility  of  a  satisfactor\'  scientific  explanation.  For  it  is  held 
that  the  methofU  of  science  are  applicable  only  U)  the  investiga- 
tion of  the  objective — tliat  is,  the  physical  and  cliemic^l — changes 
within  the  nervous  matter,  while  the  psychical  reaction  Uof  a  nature 
cannot  Vie  approached  through  tlie  conceptions  nr  ntetluMls 

phymcal  science.    In  other  wonLs,  there  is  a  phvsicochemical 

173 


174 


PHYSIOLOGY  OF  CENTRAL  NEKVOUfi  SYSTEM. 


mechaiiism  in  the  lirain  matter  which  is  capable  of  giviiip  us  a 
reaction  in  consciousness.  The  methods  of  physiolog\'  are  adapted 
t^»  the  investigation  of  the  natu!"c  of  this  mechanism,  hut  the  reac^ 
tion  in  consciousnei^^s  deaL*  with  a  something  which  so  far  as  we 
know  is  not  matter  or  energii',  and  which,  therefore,  is  not  within 
the  scope  of  physiological  or,  indeed,  Si-ientific  explanation.  In 
what  follows,  therefore,  attention  is  called  only  to  the  mechanical 
side. — the  facts  that  have  l>een  <liscovei*ed  regarding  the  anatomical 
stnictui-e  and  the  physical  and  chemical  properties  of  the  nervous 
mechanism. 

The   Histology  of   the  Cortex. — The  finer  structure  of  t 
diffei-cnt  iciiioris  of  the  cortex  has  !»een  the  subject  of  much  invtssti 
gation,  but  in   this  connection   it  is  only  necessaiy  to  retail   the 
elementary'  facts  so  far  as  they  are  useful  in  jihysiological  exphina- 
tlons.     I^^aving  aside  minor  differences  in  the  shape  and  stratific, 
tion  of  the  cells,  it  is  an  interesting  fact  that  the  cortex  everywhe 
has  a  similnr  structure.     It  consists  of  four  or  five  layers  more 
less  clearly  distinguishable  (see  Fig.  To): 

1.  The  molecular  layer,  lying  immediately  beneath  the  \m 
mater,  and  having  a  thickness  of  about  0.25  mm.  In  this  layer, 
in  addition  to  the  supporting  neuroglia,  there  are  fotmd  a  number 
of  ver>'  small  nerve  cells  of  several  types  lying  with  their  processes 
parallel  to  the  surface  of  the  brain.  The  axons  and  dendrites  of 
these  small  cells  tenninate  within  the  layer,  so  that  they  take  no 
direct  part  in  the  formation  of  the  white  matter  of  the  brain,  but 
have,  so  to  speak,  a  distributive  or  associative  function.  In  this 
layer,  also,  end  man>'  of  the  dendrites  of  the  larger  nerve  cells  of 
the  deejxT  layers  and  the  terminal  arborization  of  entering  ner\'e 
fibers  (axons)  from  other  regions.  It  must  be  conceived,  there- 
fore, as  containing  a  fine  feltwork  of  ner\'e  fibrils, — dendrites  and 
axons  or  their  collaterals. — and  as  a  reginn,  therefore,  in  which 
many  of  the  inconung  impulses  alorjg  afferent  fibers  are,  so  to 
spe^ik,  distributed  into  outgoing  ones.  On  histological  grounds 
Cajal  was  inclined  to  In-lieve  that  this  layer  repre-sents  the  location 
of  the  most  important  psychical  reactions. 

2.  The  layer  of  small  pyramidal  cells  of  about  the  same  thick- 
ness as  the  last.  This  layer  cfjutains  a  number  of  small  ner\^e 
cells,  mostly  of  the  pyniniidal  type,  with  the  aj)ex  directed  toward 
the  external  surface.  The  dendrites  from  the  apical  process  termi- 
nate in  the  mi>lecular  layer,  while  (he  axon  arising  from  the  basal 
side  of  the  cell  passes  inwardly  to  constitute  one  of  the  nerve 
fibers  of  the  medu[lar\'  portion  nf  the  cerebnim. 

3.  The  layer  of  lai^e  pyramidal  cells.  This  layer,  much  thicker 
(1  mm.)  than  the  preceding,  is  not  sharply  differentiated  from  it. 
It  contains  large  pyraraidul  cells,  particularly  in  the  Kolandic  area. 
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Tlii'ir  form  arul  connertions  are,  in  penerul. 
the  same  as  those  >civon  for  the  small 
pyramidal  cells. 

4.  The  layer  of  fusiform  or  polymor- 
phic nene  cells.  A  hiiiall  layer  of  cells 
wboEse  form  is  more  irregular  than  that  of 
the  pyramidal  cells,  but  whose  axona  also 
pass  into  the  medullar}'  portion  of  tho 
cerebmm,  while  their  dendrites  stretch 
externally  into  the  layers  of  pyramidal 
cells.  In  this  layer  are  found  also  some 
oclLs  belonging  to  the  second  type  of 
Gi»lgi  (Martinotti  celln).  The  axis  cylin- 
der processes  from  these*  latter  cells,  in- 
stea<l  of  l>eeoming  medullatcd  fil>era  of 
the  white  matter  of  the  cerebrum,  pass 
tow&rd  the  external  surface,  to  end  in 
the  pyramidal  or  molct-uhir  Liycr  in  a 
numlx-r  of  minute  branches. 

5.  The  medulla  of  the  cerebrum.  Tl^e 
white  matter  of  the  cerebru  m  begins 
immediately  Ijelow  the  last-named  layer, 
anri  consists  (I)  of  nerve  FiImts  which 
originate  from  the  pyramiflal  an<l  fxiiy- 
tnorphic  cells  immctliately  exterior  to  it, 
and  which  carry  outgoing  impulses  from 
that  part  of  the  cortex,  anel  (2)  of  fibers 
arising  elsewhere  in  the  cortex  or  in  the 
lower  portion.^  of  the  brain,  which  ter- 
minate in  the  cortex  and  carr>'  the 
incoming   impulses,— im pi dses  which  are 

„pfferent  &s  regards  that  part  of  the  cor- 
The  fibers  in  this  white  matter  may 
be  classified  under  three  heads :  First, 
the  projcHion  system  (A,  B,  C,  D,  and 
E  of  Pig.  76).  comprising  those  fibers, 
afferent  and  efferent,  which  connect  the 
cortex  uith  underlying  parts  of  the  c<m- 
tral  nervous  system, — the  spinal  cord, 
medulla,  pons,  midbrain,  or  thalamus. 
This  great  projection  system  emerges,  for 
the  most  part,  through  the  internal  cap- 
sule and  the  crura  of  the  cerebnim. 
Certain  parts  of  the  cortex  are  seemingly 
Iftcking  in  a  projection  system ;  the  fibers 
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7I«.  7S.— To  Atm  tlw 
Btnirfure  off  the  eorlex  oerft- 
hri  (Prjtrimr):  /,  The  inoI«cs 
ijltir  tnyTr:  If,  tlie  layer  of 
vertical  fu'ifitrm  cells;  ///. 
th^  layer  of  (ttnall  pyramiw 
ceth;  fV.  the  layer  of  lar^ 
pvriunitial  celU;  I',  the  Uyvr 
nl  pfJymorpbio  eells. 
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Tin.  76. — aohema  of  t)-\^  projwiion  fibers  of  the  rorehrum  •nrl  of  the  peduncles  of 
Mfcbellum',  lAlcml  view  nf  llie  ititcrniil  cjiiwuIp:  A,  Trarl  fruui  thefrntttal  e\n  l<i  the  pooa 
nuclei,  nri'l  (in  to  the  cerelwllum  (fmntjil  corebn>-cortit''t-|».fntiil  iruft ) ;  H,  the  rouior 
(pyriuuiilal)  trat-l;  C,  the  ncriwirv  (b«i<iv  aciis*)  tract ;  />,  tlie  \  Uuul  trs'.-t :  E.  the  sudiuiry 
trart ;  F,  thr  tiber:%  of  the  nuperinr  |)e<liinrlp  nf  tht*  rerrliclhiiii ;  (7.  tilxm  of  the  middle 
pctluticle  uriitiniE  with  .\  in  the  |k>n^f;  //,  hbcnt  of  the  inferiur  tknIuiuJc  of  the  cerelwUum; 
/,  li>>f>r«  )>ctwe«n  the  umlitory  riur)i>u><  hiuI  the  inffMior  quaurijnminal  bu<ly;  A*,  motor 
(p,vniiui<)ml)  dei-usiiitiiin  in  thn  hiilh;  17,  fourth  vmtnclo.  The  numeniU  refer  to  the 
ermouU  oerves-^CMudified  Ifoiq  Otarr.'] 


FUc.  77. — Lateral  view  of  a  human  heniitiphere.  tthowinx  the  bundlei  of  unodfttloa 
flbern  Cstarr):    A,  A.  Betworn  nil'ineent  ffi'ri ;    B.  Iwtwoea  frontal  and  occipittd  " 


botwpen  frontal  and  temporal  nrea.-,  cingulutn:  Li,  bel^-L-eii  fmntiU  and  temporal  SLTflKe. 
foKctrulufi  uncinBtLLt;  E.  between  occipital  and  tempond  oreiu,  faAcicutus  lonciltuiiiULUf 
infcrif^r:   C.V.  caudate  nucleus;  0,T,  optic  thuUmtis. 
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arising  from  these  parts  do  not  enter  the  capsule  to  make  connec- 
tion with  the  motor  and  senson*  paths,  below,  but  pass  to  other 
parts  of  the  cortex,  forming  a  part  of  the  system  of  association 
fibers.  Soroml,  iht?  ussociotion  syMan,  whirh  may  be  define<l  as 
comprising  those  hbers  which  comiect  one  part  of  the  cortex  with 
another  (Fig.  77).  There  are  short  association  tracts  (A,  A)  con- 
necting neighboring  convolutions  and  long  trarts  passing  from  one 
lobe  to  anutlior.  Thinl,  the  conimissural  systtTti,  consisting  of  as- 
dociation  fil)ers  that  cross  the  niid-linc  and  connect  portions  of  one 
cerebral  hemisphere  with  the  cortex  of  the  other.  These  fil)ers 
make  up  the  commissural  bands  known  in  gross  armtomy  as  the 
corpus  c-HJloHiun.  ant^'rior  white  ct)n)nus.surc.  fitniix,  etc. 

Physiological  Deductions  from  the  Histology  of  the  Cortex. 
— Cajal*  especially  lays  stress  upon  some  anatomical  features  which 
seem  to  justify  certain  generalizations  of  a  physiological  nature.  In 
the  first  place,  ever>'  part  of  the  cortex  receives  incoming  impulses 
and  gives  rise  to  outgoing  impulses.  Ever>'  part  of  the  cortex  is, 
therefore,  both  a  termination  of  .s<»me  afTeront  path  and  the  l>egin- 
ning  of  some  efferent  path;  it  is,  in  other  words,  a  reflex  arc  of 
a  greater  or  less  degree  of  complexity.  We  may  suppose  that 
ever)'  efferent  discharge  from  any  part  of  the  cortex  is  occasioned! 
by  afferent  impressions  rt»aching  that  jKiiiit  from  some  other  i>art 
of  the  nervous  system.  Whether  or  not  there  is  such  a  thing  as 
absolutely  spontani^otis  mental  activity  cannot  be  determined  by 
physiology,  but  on  the  anatomical  side  at  least  all  the  stnictures 
exhibit  connections  that  fit  tlicm  for  reflex  stimulation,  and  many 
of  our  apparently  sjjontaneous  acts  must  be  nf  this  character. 
Secondly,  all  parts  of  the  cortex  exhibit  an  essentially  similar 
structure.  Modem  physiolog\*  h&^  recognized  clearly  that  different 
parts  of  the  cerebrum  have  different  functions,  but  the  differentia- 
tion in  structure  which  usually  accompanies  a  specialization  in 
bmction  is  not  very  evident.  Definite  differences  in  the  thickness 
of  the  la)^!^.  in  the  size  or  shape  of  the  cells,  have  been  pointed  out, 
but  it  is  perhaps  something  of  a  disappointment  to  find  so  little 
of  an  anatomical  distinction  Ijetween  structures  whos*?  react  ion  in 
consciousness  is  so  widely  se]>arated.  It  wrndd  seem  that  the 
Btructural  peculiarities  must  lie  chiefly  in  the  ultimate  chemical 
cofnf)osition  and  physical  properties  of  the  protoplasm.  In  the 
third  place,  the  central  ner\'oufi  system  throughout  the  verte- 
brates ts  constnict^i  upon  the  same  lines,  a  mechanism  of  intercon- 
necting neurons.  There  is  a  vast  difference  in  the  mental  activity 
of  a  fn>g  and  a  man.  but  the  cortex  of  the  cerebnnn  shows  a  funda- 
mental similarity  in  stnicture  in  the  two  cases.  The  chief  difference 
that  comparative  anatomy  is  able  to  show^  is  that  in  the  higher 

*  C*nj&l.  *'\jp*i  nouvellrs  id^ca  flur  la  structure  du  svBt^me  nerveux,  etc.," 
Paris.  l^iW. 
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animals  the  ^router  nirrital  development  is  associated  with  a  greater 
complexity  nnd  richness  lu  the  connections  of  the  neurons.  As 
shown  in  Figs.  78  and  79,  the  number  of  processes,  particularly 
the  dendritic  processes,  is  much  greater  in  the  cortical  cells 
of  the  hifflior  animals;  or,  to  put  this  fact  in  another  way,  the 
number  of  cells  in  the  cortex  of  the  liigher  animals  is  much  less 
for  an  area  of  the  same  size  than  in  lower  animals.  The  amount 
of  in-between  substance  or  the  richness  of  the  network  of  processes 


Fijt.  7S. — A-D,  ShoidnK  the  phylogenetic  developmeot  f>f  mature  nerve  oalU  in  ■ 

)8  of  vcrtebrotw:  a-c,  the  ontoftrnetic  development  nf  erowinic  cclU  in  a  typical  mam- 
mal  (in  both  caws  only  pynuiiiil&l  cpIU  from  the  oerebniin  arc  nhown) ;  A,  fmu ;  H,  lisard: 
C,  rat;  D,  man:  a,  neurobtoNt  withi>ul  Hendritea:  b.  coniinencinK  dendhles:  e,  dendrilCe 
further  developed:  d,  first  appearance  of  collateral  branehee;  «»  ftuther  development  of 
ooUaierala  and  dendrites. — (rrom  RatTUfn  y  Cajai.) 

is  increased.  This  anatomical  fact  would  indicate  that  the  greater 
mental  acti\ity  in  the  higher  animals  is  dependent,  in  part,  upon 
the  richer  interconnection  of  the  ner\*e  cells,  or,  expressed  physio- 
logically, our  mental  processes  are  characterized  by  their  more 
numerous  and  complex  associations.  A  visual  or  auditor)'  stim- 
ulus that,  in  the  frog,  for  instance,  may  call  forth  a  comparatively 
simple  motor  response,  may  in  man,  on  account  of  the  numerous 
associations  with  the  memory  records  of  past  experiences,  lead  to 


4 


I 

4 


GENERAL  PHT8IOLOGY  OF  THE  CEBEBRCU. 


179 


I 


psyrhical  and  motor  responses  of  a  much  more  intricate  and  in- 
dire<;t  (Karactor. 

Extirpation  of  the  Cerebrum, — One  of  the  methods  used  in 
physiolog}'  to  determine  the  general  functional  value  of  the  cerebral 
hemiflpheres  haa  been  to  remove  them  <*oniplelely,  by  siirfdcal 
operation,  and  to  stijdy  the  eflfect  upon  the  psychical  responses  of 
the  animal.  I'pon  the  coki-bloode<i  animals  and  the  birds  the 
uj)enition  may  be  perfonnetl  with  ease,  but  in  these  animals  the 
pooitive  results  are  not  strikuig  and  the  experiments  are  valuable 
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FU-  79— Soctiun*  ihrouRh  correniMmditic   t»rt«  of  ihe  catWx  In:  «.  Man;    Ii.  dtnc; 
anH  c,  mole,  to  ahnir  Ih*  ^reaKr  sopanilion  nf  tlie  niir\"B  eeUt  in  the  nijjher  RnimAl*. 

cfaieily  for  their  negative  results.  If  the  cerebral  heinispherefl  are 
mnoved  from  the  frog,  for  example,  the  animal  after  recovering 
iiom  the  immediate  efTecta  of  the  operation— that  is,  the  effects 
of  t\w  anesthetic  and  the  shock— show.s  siirpri^ingly  little  difference 
from  the  normal  animal.  It  maintains  a  normal  posture  and  shows 
DO  loss  at  all  in  its  power  of  equilibration.  W  hen  placed  on  its 
back  it  quickly  regains  its  usual   position.     If  thrown  into  wat«r 
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it  swims  to  a  stilid  support  and  nrawlH  out  like  a  normal  animal. 
It  jumps  when  stimulated  and  is  rair-fnl  to  avoid  obstacles  placed 
in  its  w.'iy,  showing  that  its  visual  rrfloxps  arc  not  impaired.  It 
is  said,  however,  that  the  more  fonipliratcd  reactions  that  depend 
upon  th('  memon'  of  past  experiences  or  the  instincts  are  absent  or 
imix^rfcet.  This  latter  peculiarity  is  manifeste*!  most  impressively 
in  birds  (pigeons)  after  removal  of  a  part  or  all  of  the  cercbnim.  As 
a  i"e.snlt  of  such  an  oj>eration,  the  nervous,  active  animal  is  changed 
at  once  to  a  stupid,  lethargic  creature  \\hich  reacts  only  when 
stiniulatefl.  It  sits  in  a  drowsy  attitude,  with  it5  head  drawn  in 
to  the  shoulders,  its  eyes  closed,  and  its  feathers  slightly  erected; 
occasionally  it  will  open  its  eyes,  stretch  the  neck,  gai^e,  preen 
its  feathers  perhaps,  and  then  sink  back  into  its  stmmolent  attitude. 
The  animal  in  this  condition  maintains  its  equilibrium  perfectly, 
files  well  if  thrown  into  the  air  and  perches  c(jmfortably  upon  a 
narrow  support.  It  may  he  kept  alive  apparently  indefinitely  by 
appropriate  feeding  and  so  long  as  it  Is  well  fed  retains  its  stupid 
and  imt>assive  appearance.  If  alloweil  to  starve  for  a  while  it 
becomes  restless  from  the  effects  of  hunger,  may  walk  to  and  fro, 
and  peck  aimlessly  at  the  ground.  If  stirrounded  by  grain  it  may 
peck  at  the  separate  grains,  but  never  actually  seizes  one  in  its 
Ix'ak  and  swallows  it.  The  striking  defect  in  these  animals  is  the 
loss  of  those  responses  that  dejx-nd  u]X)n  memorj'  of  past  or  in- 
herited experiences.  Its  motor  reactions  are  all  of  a  simple  kind. 
If  placed  upon  a  hot  plate  it  will,  for  a  time,  lift  first  one  foot,  then 
the  other,  and  linalh  squat,  hut  never  flies  away.  WTien  dosing 
a  ]ou4l  noise  awakens  it,  but  it  exhibits  no  signs  of  fear,  and 
quickly  relapses  into  somnolence  when  the  auditory  stimulus  ceases. 
The  one  positive  conclusion  that  we  may  flraw  from  the  beha\ior 
of  these  animals  is  that  in  them  the  cerebrum  is  the  place  in  which 
the  inemoiy  records  are  storcil,  and  that  when  it  is  removed  the 
actions  of  the  animal  when  stimulated  become  much  more  direct 
and  pretlictable,  since  the  stinudus  awakens  no  associations  with 
past  experiences.  The  complete  removal  of  the  cerebnun  in  mam- 
mals is  attende<l  with  more  difficulty.  "When  taken  out  at  once 
by  a  single  oi>eration  the  animal  survives  bvit  a  short  time  and 
the  permanent  effects  of  the  operation  cannot  be  detected.  Goltz,* 
however,  has  succewled.  in  dogs,  in  removing  by  a  peculiar  operation 
all  of  the  cerebral  cortex.  Tlu^  u|jeration  was  jjerformed  in  sev- 
eral successive  stages  with  an  interval  of  several  months  between. 
In  the  most  successful  e\i>eritneut  the  animal  was  kept  alive  for 
a  year  and  a  half  and  the  postmortem  examination  showed  that 
all  of  ttie  cortex  hail  been  reinovetl  except  a  small  jxirtion  of  the 
tip  of  the  temporal  lo!>e,  and  this  latter,  since  its  connecti(m  with 
♦Golti,  "  Arcluv  f.  die  geitararale  Phyaologie."  51,  570,  1892. 
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the  oilier  parts  of  llie  brain  ha*!  Ikhmi  ilestroyed,  was,  of  course, 
functiuuloss.  In  addition,  a  large  part  of  the  corpora  striata  and 
optic  thalami  and  a  siuall  iM)rtion  of  the  midbrain  liad  be*m  re- 
moved. The  l>ehavior  of  this  animal  was  studied  carefully.  After 
the  itnmcwiiate  eflfects  of  the  o{)eration — paralysis,  etc. — Imd  <iisap- 
pmred  the  animal  moved  easily;  in  fact,  showed  a  tendency  to  keep 
moving  continually.  There  was  no  permanent  paralysis  of  the  so- 
callcii  voluntary*  movements.  He  an.Hwere<l  to  seasor>'  stimuli  of 
vmrimus  kinds,  but  not  in  an  intelligent  way.  If,  for  instance,  a 
pAinfid  stimulus  was  applied  to  the  skin,  he  would  growl  or  bark, 
and  turn  his  hcail  toward  the  phice  stimulated;  but  did  not  attempt 
to  bit«.  No  caressing  could  arouse  signs  of  pleasure,  and  no 
threatening  sigas  of  fear  or  anger.  Like  the  pigeon,  the  most  con- 
spicuous defect  in  the  animal  was  a  lack  of  intelligent  nxspHja-*, — 
that  Is,  the  responses  to  sensory  stimuli  were  simple,  and  evidently 
did  not  involve  complex  associations  with  past  experiences.  His 
memor>'  reconis,  for  the  most  part,  had  been  tIe«troye<l.  Goltz 
rMords  that  when  star\'ed  he  showed  signs  ai  himger.  and  llmt 
e\"entuaUy  he  learned  to  feed  himself  when  his  nose  was  brought 
into  contact  with  the  food,  although  he  was  not  able  to  recognize 
food  placed  near  him.  He  would  reject  food  with  a  disagr(?eabl6 
ta^te.  When  sleeping  he  gave  no  signs  of  dreaming,  differing  in 
this  reepect  from  nonnal  dogs. 

Localization  of  Functions  in  the  Cerebrum. — When  the 
belief  was  esstablLsheil  that  the  cerebnun  is  the  orgiin  of  the  higher 
psychical  activities  there  arose  naturally  the  question  whether  dif- 
ferent parts  of  the  cortex  have  <iifferent  ftmctions  corresponding 
to  the  various  faculties  of  the  mind,  or  whether  the  cerebrum  is 
functionally  ctjuivalent  throughout,  in  the  same  sense,  for  instance, 
aA  the  liver.  This  question  of  the  localization  of  functions  in  the 
brain  (cerebrum)  has  been  much  debated,  but  the  most  interesting 
and  important  discussioas  upon  the  subject  belong  to  the  nine- 
teenth centuo'.  Alx)ut  the  Ijeginning  of  the  centur>-  p'mnz  Joseph 
Gallp  at  that  time  a  physician  in  V'ienna,  began  to  teach  pubUcly  his 
irell-known  system  of  crunioscopy  or,  as  it  was  later  designated  by 
his  chief  disciple  (Spurzheim),  system  of  phrenology.*  Gall,  from  his 
early  youth,  was  possesse<l  with  the  idea  that  the  different  faculties 
of  ine  mind  are  mediated  througli  tlifferent  j)art»  of  the  brain,  tliat 
m  it  we  have  to  deal  not  with  a  single,  but  with  a  plurality  of 
OfgpUts.  This  Wdicf  was  in  op]x>sition  to  the  current  ideas  of  his 
timeB  and  Gall  devoted  his  entire  life  to  an  earnest  effort  to  estab- 
lish and  iK>pularize  his  views.  He  and  his  disciples  contributed 
many  ver>"  important  facts  to  our  knowledge  of  the  finer  aruitouiy 
of  the  brain;  but,  so  far  as  the  \'iew  of  separate  organs  in  the 
•GaU  {aitui  Spiintheim),  "  Recherchea  sur  la  flyst^e  nerveux  en  g6n6ni 
*l  Mr  oeliu  du  cerveau  en  porticulier,"  1810-19. 
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cerebrum  is  concerned,  the  methods  that  he  employed,  althoi 
perhaps  the  only  ones  that  he  could  make  use  of  at  that  time, 
have  smce  been  demonstrated  to  be  fallacious  when  used  as  he 
used  them.  He  conceived  that  the  more  developed  any  given 
mental  quality  Is  the  Larger  will  l>e  the  organ  reprei?enting  it  in 
the  ci^rebnun,  ami  since  the  cmnium  fits  closely  to  the  cerebrum 
the  relative  pruuiineuce  of  the  parts  of  the  cerebrum  may  be  judged 
by  a  study  of  the  exterior  of  the  skull.  This  method  of  study  con- 
stitutcf!  the  essential  feature  of  cniuioHeiii>y  or  pluvnologj',  and 
by  ol)ser\'ation  ii])<ni  jjcople  witli  i>ailirularly  markctl  mental 
qualities  Gull  and  hi^  dLscipIes  siipfKiscd  that  they  had  located  the 
organs  for  thirty-five  different  fafulue.s.  While  the  general  idea 
of  this  mcthoti  may  be  defended,  it  is  ob\nous  that  the  application 
of  it  sriontifirally,  so  that  p«>sitivo  and  demonstrable  residts  can 
Ijc  obtained^  is  practicall)'  irrij)o.ssib]e.  The  s\'stem  of  phrenologj' 
and  its  methods  cjuickly  fell  into  disrepute,  since  they  were  ex- 
ploited i-hiefly  by  frauds  and  charlatans.  Gall's  ideas  in  the 
beginning  excited  the  greatest  interest,  but  it  seems  that  he  was 
never  able  to  ronvmcc  the  majority  of  the  .scientific  men  of  las  day 
of  the  fonclasiveness  of  his  results.  At  the  time  that  he  was 
leaching  his  doctrines  in  Paris,  where  he  spent  the  latter  years  of 
his  life,  Flourens  Ijegan  his  cele])rate<l  experimental  work  upon  the 
funrtions  of  the  brain, — work  which  was  mainly  instrumental  in 
convincing  physiologists  that  tlie  cerebnim  is  a  sincle  organ. 
functionally  e^iuivalent  in  all  of  its  parts.*  Flourens'  chief  ex- 
periments were  made  upon  pigeons,  ami  in  these  animals  he  found 
that  successive  ablations  of  part,<  of  the  ceiebnim  from  liefore 
backward  or  from  side  to  side  were  not  followed  by  a  corresponding 
.s<?nes  of  defects  in  the  animals'  psychical  life.  On  the  contraiy'i 
when  the  quantity  of  brain  substance  removed  was  sufficiently 
large,  all  these  f]iialities  went  at  once.  The  choice  of  animals 
for  these  experimonts  was  an  unforluniite  one,  but  the  results 
were  corrobeiraled  in  part  by  a  muuberof  instances  in  which  lumian 
l)eingH  by  accident  or  wounds  in  battle  bad  lost  a  pail  of  the  brain 
without  any  ajjparcnt  defect  in  theii"  mental  powers.  Thei"efoi*e 
towanl  the  middle  of  the  nineteenth  centuiy  the  prevalent  view 
in  physiolog}'  was  that  the  cerebrum  is  functionally  ecpiivtilent  in 
all  of  its  parts.  One  fact  was  known  in  medicine  at  that  time 
which  distinctly  contradicted  this  I lelief .^namely,  that  an  injury 
to  the  posterior  pfn-tirm  of  the  third  frontal  convolution  in  man, 
on  the  k^ft  side,  causes  ji  loss  of  aHiculatc  speech  fmotor  aphasia). 
But  this  fact,  .^o  significant  to  us  now,  was  not  properly  value*!  at 
the  time.     The  l:)eginning  of  our  modem  views  of  cerebral  loraHza- 

*  Flourena.  "  Rechercltes  exji^rimenlulea  sur  Ifs  propriSl^  et  Ics  fonciiona 
du  syBlcrae  nerveux  tian-s  le»  miiniaux  vert^bn^e,"  1824. 
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lion  ifi  found  in  the  work  of  Fritsch  and  Hitzig*  {1870}»  in  which 

they  exposed  and  stimulaletl  eleitrically    the   cortex   cerebri    in 

dog?.     They  obserxed  that  otiniiilfttion  of  certain  definite  areas. 

particularly  in    the  sijjmoid  gj'rus,   gave   distinct    and    coni^taut 

muvcTuents  in   the   lunl>6,   face,   etc.    (see   Fig.  Sll).      This  work 

was    followed   quickly   by  experiments  of  a   similar  kind  made 

b)'  numemus  oltservers,  in  wliich  the  cerebrum  was  stimulated  in 

variouH  animals  and  finally  in 

man.    In  addition,  the  method 

of  ablation  of  thetn?  are:is  wn.s 

eroplovp<i      with     sul)Bequcnt 

study  of  the  animal  in   regard 

to   tlie   motor  or  aeni^ory    de- 

fcct«  resulting  therefrom,  and 

the    results    obtained    were 

further  extended    by    cnrefid 

autopsies  upon  human  beings 

in  whom  paraly.ses  of  various 

kinds  anil  senior)'  defects  were 

riated   witli   more  or  less 

nite  lesions  of  the  cerebrum. 
The  fiffit  outcome  of  this  work 
was  to  lejid  to  an  extreme  view 
of  localization  of  function  in 
the  brain,  in  which  the  difTer- 
ent  motor  and  sen.-<or>-  aivas 
were  definitely  cin*im»scnl>e«l 
and  separated  one  from  the 
other,  making  the  cerebrum  a 
plurality  of  organs,  to  use 
Gall's  term.  The  more  recent 
work  has  tende«l  to  modify 
thei*e  extreme  views  of  local- 
ization and  to  emphiLsize  the 
fact  that  hintologically  and 
phy.sioloxically  the  entire  cere- 
bnim    U    ronneite*!    so    inti- 

matrly.  part  to  part.  thai,  although  the  different  regions  mediate 
different  functions,  nevcrthelej>s  an  injury  or  defect  in  one  part 
Oiay  influence  to  some  extent  the  functional  value  of  all  other 
regions  in  the  organ.  The  general  idea  of  a  localization  of  func- 
tion ha«  been  established  definitely,  but  the  modem  view  w  that 
the  cerebrum  is  composed  of  a  plurality  of  organs,  not  completely 

•  Fntfcli  ftfit)  Hitiiig.    •  Arcliiv  f.  Aimtomie  und  riiy«if*logie  umi  wiMen- 
jchafUichr  Mcdixin/'  1870.  300. 


flc.  80. — ^To  ahow  the  r 
doc'a  Drain  fta  oriBbally 
PnlKch&nU  HiltiK: '.SUpnoi 


80. — ^To  ahow  tbe  motor  areu  in  Um 
ietcnntnotl     by 

for  thn  neck  riumIm:  -f,  renirr  (or  the  cx- 
tensora  and  ■dtlufton  of  thu  forelinib:  >-. 
center  for  iho  (Ict<ip*  ami  niiini'in  nf  fur»- 
limb;  ^.  crntcr  for  the  hin-i  limb;  O— O, 
cvnier  for  tbe  tniudea  tnncrvktctl  by  tb« 
facial. 
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separated  one  from  the  other  as  taught  by  Gall»  but  intimately 
associated  and  to  a  certain  extent  dependent  one  on  anotlicr  for 
their  full  functional  importance. 

The  Motor  Area. — The  first  experiments  of  Fritsch  and  Hitzig 
dLsi'lost'il  llie  location  of  a  rortical  region  in  the  dog  which  ujx»n 
slirnuktiori  gave  definite  movements.  The  later  experiments  of 
Kerrien  Scluifer^  Horsley,  and  Becvor,  particidarly  upon  the  apes, 
gave  reason  for  Mieving  tliat  this  motor  area  surroiuiik  the  fissure, 
of  Rolando  and  extends  inward  u|j<)n  the  mesial  surface  of  thecere- 
l)runi.     Ita  exact  boiuidaries  marked  out  by  careful  stimulation  of 


7^ 

JOtec 

Elboof^ 
Wist 


y/  is  ulcus. 


EyeUd  /Qoiirr     \   ^^Kj^^'^^Sulf us  Centralis 

offAuf     Coras 

Y\a.  81. — Localiim  or  motor  Breaa  in  brain  of  rhimpaniee. — (5A«rrinpfori  and  Grten- 
baum.)  Tlir  pxt«nl  (if  (lift  nifitur  nitrA-n  im  iniliailed  by  !4tit>|>liiiK;  it  lien  entirely  in  fmni 
of  the  fijvture  n\  Ifiilaiul^t  ((iiilriii*  ceil t ral i •«) .  Miir-li  t^r  tUc  timtor  area  \a  hidden  in  the  autci. 
The  rrpan.i  mark&l  aye»  indiruio  tlio  iirco-'^  n-lmHo  stiiinilation  (rivc»  citnjuicnte  movements 
of  the  eyebulLa.      It  i»  iluubiful,  buwever,  whothcr  (Iivm!  re|)n»!cut  mutor  oraajf  propor. 


the  region  in  monkeys  was  more  or  less  venfied  upon  man,  since  in 
operations  upon  the  brain  it  was  often  nccessar>'  to  stimulate  the 
cortex  in  onler  to  localize  a  given  motor  area.  Hy  these  means 
cliarts  have  been  made  showing  tiie  cortical  area  for  the  muscukture 
of  each  part  of  the  body.  It  was  found  that  in  general  the  distri- 
bution of  the  areas  lie-s  along  the  fissure  of  Rolando  and  follows  the 
order  of  the  craniiil  and  spinal  nerves.  Within  each  area  smaller 
centers  may  be  located  by  careful  stimidation:  thus,  the  hand  and 
arm  area  may  l^>e  subdivideiJ  into  centei-a  for  the  wrist,  fingere, 
thumb,  etc.     More  recently  Sherrington  and  Greenbaum,*  making 

*'■  Heports  of  the  Thompson- Yates  ami  Johnston  Laboratories,"  4.  351. 
1902;  5.  55,  19U3. 
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use  of  electrical  stimulation,  unipolur  method,  liave  explored  ciire- 
(ully  the  motor  areas  in  the  monkey.  They  stnte  that  these  areas  do 
not  extend  back  of  the  Holandir  fissure,  but  lie  chicHv  alon^  the 
Anterior  central  convohition.  as  represente*!  in  Fij^.  81  and  S2, 
extending  for  only  a  ^^mall  dLstanre  on  to  the  mesial  surface  of  the 
cerebrum.  The  area  thus  delimitet!  by  pliysiologica)  experiments 
Ls  the  re^on  from  which  arises  the  pyramidal  system  of  filers, 
and  clinical  experience  has  shown  tliat  lesions  in  this  part  of  the 
cortex  are  accompanied  by  a  paralysis  of  the  muscles  on  the  other 


Stlcpnristo 


CSS  dtl 


FW  83.— To  allow  ratennon  of  moMr  areaA  on  to  Ihe  nir^ml  ^urfafr,  brain  or  rhim- 
Wmnv^—f^h*rT*fK(ji.m  nmdfireenbaum].  MmUI  ^Mrtace  of  lefl  linni.ipliere:  Stipplvd  rrnon 
ITi"    '■   '  '    ^'■'  ''         i"lur  aren  for  lower  liiritj,    /,  jt,  aiid  fi  ititbrato    rp^uns    from    wnicli 

li>'  ■  <>cra.M(iiiiilly  wirli  AintiiK  itttitiiili;  /.  fiiul  ninl  Irj;,  *,   «lMMil«lrr  aod 

rlx  Ttte  ritutilcUurea  luarknj  K  V  Eti  indicalunu  rvcion  »tiniulalM>n 

ok  ^i^^ru  |pvo«  itinjUiCUIC  i[iav«ineDt«  of  (hctyoB. 

ffde.  particularly  in  the  limlw.  Pathological  or  experimental 
(ions  here,  moreover,  are  followed  by  a  degeneration  of  the 
pyramidal  neurons, — a  degeneration  which  extends  to  the  ter- 
niiiintion  of  the  neurons  in  the  cord.  With  these  data  we  can  con- 
struct a  fairly  complete  account  of  the  mechanism  of  voluntary 
movements.  The  initial  outgoing  or  efferent  impulses  arise  in  the 
large  pyramidal  cells  of  the  motor  areas  and  procce<l  along  the 
axons  of  their  neurons  to  the  motor  nuclei  of  the  cranial  or  spinal 
ner\'es.  The  neurons  of  the  pyramidal  tract  constitute  the  motor 
Irnrt  for  voluntary'  movements;  a  lesion  anywhere  along  this  tract 
rausw  paralysis,  more  or  leKs  complete  and  on  the  other  side  of 
the  ^Kxly  in  gtnieral,  if  the  lesion  is  anterior  to  the  decussation. 
The  path  of  the  motor  fibers  is  represented  in  the  schema  given  in 
Fig.  S3.  Arising  in  the  cortex,  they  take  the  followijig  route 
(see  also  Fig.  70,  B)\ 
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1.  Corona  radiata. 

2.  Internal  capsule. 

3.  Cms  cerebri  (pes). 
Pons  Varolii,  In   \vhk*h   they  are  broken  into  a  number  ol 
srnillor  biinillas  by  llie  fibers  of  the  miiUlle  pedunrle  of  the 

cerebelluui.    In  this  region,  ako,  some  of  the  fibers  cross  the 
mid-line,  to  end  in  the  motor  nuclei  of  the  cranial  nerves: 
Third,  fourth,  fifth,  sixth,  and  seventh. 
Anterior  j>yruinid.s. 
Pyranudiil  decriissation. 

7.  Direct  ami  cros.sed  pyramidal  tnicts  in  the  cord. 

After  ending  in  the  motor  nuclei  of  the  cranial  or  spinal  nerves  the 
path  Ls  continued  by  a  stn-ond  neimm  from  these  nuclei  to  the  mus- 
cles. I'he  entire  path  involves^  llicix.*fore,  two  nciin)as,  and  injury 
to  cither  will  cause*  paralysis  of  the  corresponding  muscles. 

Difference  in  the  Paralysis  from  Injury  to  the  Spinal  and  the 
Pyramidal  Neuron. ^With  rep;anl  to  the  mu.sculaturc  of  the  limbs 
especially  a  difference  has  been  ob.ser\'ed  in  the  paralysis  caused  by 
injur,'  to  the  .spinal  an<l  pyramiflal  neuroas,  respectively.  Lesioas  of 
the  anterior  root  celln  in  the  cord  or  of  the  axons  arising  from  them 
eaust*  comjjlctc  paralysis  of  the  corresponding  muscles,  since  these 
muscles  are  then  removed  not  only  from  voluntaiy-  control,  but  also 
from  reflex  effects.  The  muscles  are  entirely  relaxed  and  in  time  ex- 
hibit a  more  or  less  complete  atrophy.  \\'hen  the  pyrariu<hil  neurons 
are  affected,  as  in  the  familiar  condition  of  hemiplegia  resullinji 
frx)m  a  unilateral  lesion  of  the  motor  cortex,  there  is  paralysis  as 
regards  voluntary  rontrol,  but,  the  spinal  neuron  l)einff  intact,  the 
muscles  are  still  subject  to  reflex  stimulation  throujJih  the  conl, 
especially  to  the  so-called  tonic  impulses.  Under  these  conditions, 
especially  if  the  lesion  is  in  the  corI.  it  is  fre^juently  noticed  that  the 
paralyzed  muscles  are  thi-own  into  a  state  of  continuous  contraction, 
contracture,  in  which  they  exhibit  a  spastic  ripidity.  This  fact. 
therefore,  may  b^  used  in  dia^osint;  the  |;^neral  location  of  the 
lesion.  A  satisfactory  explanation  of  the  cause  of  the  contraction 
has  not  been  furrnshod.  It  may  lx»  due  to  uncontrolled  reflex 
excitation  of  the  spinul  neurons,  or,  as  suggestetl  by  Van  CJehuchten. 
to  the  action  of  the  indirect  motor  path  by  way  of  the  nibrospinal 
trfirt. 

Is  the  PyramidaJ  Tract  the  Only  Means  of  Voluntary 
(Cortical)  Control  of  the  Muscles?^iMuch  discus.sion  has  arisen 
regarding  this  que.^tinn.  It  is,  in  fact,  one  of  those  questions 
of  ncn'ous  mecluinL'^m  in  which  experiments  ii]x)n  lower  ani- 
mals muat  be  applied  with  caution  to  the  conditions  in  man. 
As  we  have  seen,  the  entire  cerebral  cortex  may  be  removed 
from  the  frog,  the  pigeon,  and  the  dog  without  causing  permanent 
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parftlysis,  although  in  the  animal  hust  named  there  is  at  first  a  more 
or  iesB  marked  loss  of  voluntar\*  control.  Hut  in  man  ami  Ihe  higher 
types  of  the  monkey  the  pyramidal  system  i.s  more  ronipletely 
developed,  and  correspon<ling  with  this  fact  it  is  found  that  the 
paral>'sls  from  lesion  of  the  motor  cortex  is  more  permanent.  In 
fact,  observations  upon  men  in  whom 
it  has  heen  ne«'ossar)^  to  remove 
parts  of  the  motor  area  l>y  surgical 
ofieraiiiiti  indicate  that  the  voluntary  /  ^ 
control  of  the  mueok'^i  is  lost  or  im-/-/ 
pnirwi  i>ermanenlly.  It  would  seem,  *^ 
therefore,  that  in  an  animal  as  hipli 
in  the  scale  as  the  dog  voluntary 
control  of  the  muscles  can  be  main- 
tained through  tracts  other  than  the 
pynmidrtl  system,  tracts,  perhaps. 
such  as  Mtmakow's  bundle  (rnbpo- 
spinal  tract),  arising  in  the  midbrain 
(see  p.  171).  In  man,  however, 
iilom;  witli  the  mope  romplete  de- 
vck»pmen!  of  the  pyramidal  system, 
l}»e  efficacy  of  the  phylogcnetically 
oilier  motor  syi?tems  Is  correspond- 
intrly  reduced. 

The  Crossed  Control  of  the 
Muscles  and  Bilateral  Represen- 
tation in  the  Cortex. — It  has  Iteen 
known  from  very  anrient  times  that 
an  injur\'  to  the  brcin  on  one  .*-'ide 
U  accompanieil  by  a  paralyses  of 
voluntary  movement  on    the   other 

e  of  the  body,  a  condition  known 
an  hemiplegia.  The  farts  civen 
alx>ve  repardinp  the  oriKin  and  course 
of  Ihe  pyramidal  fibers  explain  the 
crosseil  character  nf  the  paralysis 
quite  .satisfactorily.  The  schema 
thus   presented    to   us   Is.   however. 

not  entirely  without  exception.  In  cases  of  hemiplegia  in  which 
the  whole  motor  area  of  one  .side  Ls  includes!  it  is  known  that  the 
panil>'sis  on  the  other  side  does  not  involve  all  the  muscles,  and, 
in  the  second  place,  it  is  said  that  there  is  some  nuis<»ular  weakness 
on  the  same  side.  The  panilyms  in  hemiple4!:ia  nffects  but  little, 
if  at  all.  those  muscles  of  the  tnmk  which  are  accustomed  to  act 
in  unison, — the  muscles  of  inspiration,  for  instance,  the  diaphm^m. 


Fiit.  83.— Schefn*  reprcsciitinc 
(h«  eours*  irf  the  fibers  of  ibe  pynini- 
i'iul  Irni-t :  I.  Fih«rs  to  the  nuclei  of 
tbo  crniual  nerve;  'J,  uncrossed  fibeni 
to  the  lAteral  pyramid&l  trmct;  3,  fi- 
ben  to  the  anterior  pyrKmidnl  trAct 
cnwnit  in  iUp  curd;  4  and  A.  fihem 
ihikt  crtiiH  ill  the  pynunidal  dectima- 
tion  to  make  the  lateral  pyrAmldal 
tract  of  the  oppoNiie  lidc. 
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abdominal  and  intercostal  muscles,  and  the  muscles  of  the  lanTix. 
It  would  appear  that  these  muscles  are  bilaterally  represented  in 
the  cortex;  so  that  if  one  side  of  the  brain  is  intact  the  muscles  of 
both  sides  are  still  under  voluntan.'  control.  The  mechanism  of 
this  bilateral  representation  is  not  definitely  known;  one  may 
conceive  several  possibilities.  The  motor  area  on  each  side  may 
send  down  a  double  set  of  pj^amidal  fibers,  one  of  wliich  croeses 
and  the  other  reiuaias  on  the  same  side,  or  tlie  fibers  may 
bifurcate.  Or  it  is  possible  that  the  l>ilateral  control  is  due 
to  commissural  connections  between  the  lower  centere  in  the 
cord.  Some  evidence  in  favor  of  the  former  \*ie\v  is  found  in  the 
undoubted  histoloplcul  fact  brought  out  by  Melius  and  others,  that 
small  unilateral  lesions  in  the  motor  area — the  center  of  the  great 
toe  in  the  monkey,  for  instance — are  followed  by  degeneration  in 
the  lateral  p\'ramidal  tract  in  the  t'ord  on  both  sides,  showing  that 
some  portions  of  the  motor  area  send  fillers  to  both  sides  of  the 
boily.  In  cases  of  hemiplegia  it  may  be  added  that  the  muscles 
of  the  limbs  are  not  ul]  equally  affected. 

Are  the  Motor  Areas  Only  Motor  in  Function? — The  great 
nunilxT  of  nerve  cells  in  tlie  coitex  in  adilition  to  the  large  pyram- 
idal cells  that  give  origin  to  the  fibers  of  the  pyramidal  tract  make 
it  possible  histologically  that  other  functions  may  be  me<liated 
in  the  same  region.  This  possibilit>'  has  lx»en  kept  in  view  since 
the  early  experimonts  of  Munk,  in  which  he  showed  that  lewons  in 
the  HoIaiHhc  rt»gion  are  followed  by  disturbances  in  what  are 
desiguateil  as  the  body  sensations^  muscular  and  cutaneous  sensi- 
bility, but  especially  the  former.  It  was  suggested,  therefore, 
at  one  time  that  one  and  the  same  sjxit  in  the  cortex  might 
sen'e  as  the  origin  of  the  motor  impulses  to  a  given  muscle  and 
as  the  (Hirtical  termination  of  the  sensor}'  impulses  coming  from 
the  same  muscle,  the  reaction  in  consciousness,  the  muscular  sensa- 
tions. I)eing  mediated  ix'r!mi)s  tlimugh  cells  other  than  those 
giving  rise  to  the  pyramidal  fibers.  Hecent  physiological  and  clin- 
ical work  has,  however,  not  tended  to  support  this  view.  The 
motor  arcjis  apjiear  to  be  confitu^d  to  the  region  in  front  of  the  fis- 
sure of  Rolando,  while  the  cortical  area,  which  gives  rise  to  that 
kind  of  consciousness  that  we  di'signate  in  general  as  Ixxly  sensi- 
bility, extcjids  back  of  the  liolandic  fissure  in  the  posterior  central 
gyrus.  Whether,  on  the  other  hand,  the  sense  areas  for  the  body 
(cutaneous  and  muscular)  extend  forwartl  into  the  cortex  of 
the  frontal  lobe  is  mit  clearly  sho\\'n  by  experimental  or  cHnical 
e\'idpnce.  I^lechsig,  from  his  stiulies  up<3n  the  time  of  myelini- 
zation  of  the  afferent  fibers  in  the  embr>*o  brain,  concludes  that 
this  is  the  case,  and  that  therefore  the  motor  and  sensory  areas 
overlap  for  a  part  at  least  of  their  extent  (see  p.  212  and  Fig.  92). 


GENERAL  PHVSIOU>GY  OF  THE  CEREBRUM.  189 

In  the  motor  area  there  are  numerous  connections  by  afferent 
fibers,  association  tracts,  \vith  other  parts  of  the  brain.  By 
this  means  the  motor  area,  >vithout  doubt,  is  brought  into  rela- 
tion with  many  other  parts  of  the  cortex,  and  the  sensations  or 
perceptions  aroused  elsewhere  may  react  upon  the  motor  paths. 
A  voluntary'  movement,  however  simple  it  may  be,  is  a  psychological 
act  of  some  complexity.  The  mental  processes  that  lead  to  and 
originate  the  motor  discharge  cannot  be  located  in  the  cortex,  but 
the  immediate  origin  of  the  motor  impulse  lies  most  probably,  in 
the  areas  along  the  anterior  margin  of  the  fissure  of  Rolando. 


CHAPTER  X. 

THE  SENSE  AREAS  AND  THE  ASSOCIATION  AREAS  OF 
THE  CORTEX, 

The  (lelimitatiun  of  the  sensory  areas  in  the  cortex  is  a  matter 
of  ven'  consitlerable  difficuUy,  owing  partly  to  the  fact  that  the 
deterrainatioii  of  the  presence  or  aljeeuee  of  certain  states  of  con- 
sciousness in  the  animal  or  pereou  under  obsen'ation  cannot  be 
made  except  by  indirect  means,  and  partly  no  doubt  to  the  fact 
that  the  organization  of  the  sensor\'  mechanism  in  the  brain  is 
more  complex  and  diffuse  than  in  the  case  of  the  motor  appanilus. 
Moreover,  the  distinction  between  what  we  may  call  simple  sensa- 
tions and  the  more  complex  psychical  representations  and  judg- 
ments of  which  these  sensations  form  a  nccrssar\-  constituent  can- 
not be  made  clearly,  even  by  the  indiWdual  in  whom  the  pearl  ions 
occur.  We  recognize  in  ourselves  different  stagers  in  the  decree  of 
consciousness  aroused  by  sensory  reactions.  Our  visual  and 
auditory  sensations  are  clearly  differentiated;  but  many  of  the 
lower  senses  escape  recognition  in  the  individual  himself,  since  the 
state  of  consciousness  accompanying  them  Ls  of  a  lower  order. 
Our  muscular  sensations,  for  instance,  are  so  indefinite  as  to  l>e 
practically  subconscious.  They  are  most  important  to  us  in  every 
act  of  our  lives,  yet  the  uninformed  person  is  unconscious  of  the 
existence  of  such  a  sensation,  and  if  deprived  of  it  would  recognize 
the  defect  only  in  the  consequent  loss  of  conti-ol  of  the  voluntary 
muscular  movements.  In  the  attempts  to  determine  in  what  part 
of  the  brain  the  various  sensatioas  are  mediated  eveiy  possible 
method  of  in(iiiiiy  has  \yeen.  used  :  the  anatomical  course  of  the 
sensory  paths,  physiological  experiments  of  stimulation  imd  ablation* 
and  observations  upon  individuals  with  pathological  or  trauniiitic 
lesions  in  the  brain.  In  the  long  run.  the  study  of  ncuropatholog- 
ica!  cases  in  man  must  give  us  the  last  word.  l)ecause  in  such  cases 
the  estimate  of  the  sensor)'  defect  can  l)e  made  with  most  ac<'uracy 
and  because  in  man  the  specialization  of  the  psychical  functions 
has  reached  its  highest  development.  The  results  that  have  I^een 
obtained  are  perhaps  the  most  definite  in  the  case  of  the  higher 
senses,  vision  and  hearing,  since  defects  in  thi?ee  senses  are  recog- 
nized most  clearly,  and  the  anatomical  mechanisms  involved  have 
proved  to  be  more  accessible  to  investigation. 
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Th«  Body-sense  Area. — In  hU  early  experiments  Munk  in- 
sistsd  that  lesions  of  the  cortex  involving  the  Rolandic  area  are 
accompanied  by  a  state  of  anesthesia  on  the  other  side  of  the  body, 
hemianesthesia,  particularly  as  regards  the  tactile  and  muscular 
sensations.  It  is  not  necessar>',  perhaps,  to  go  into  the  details 
of  the  long  controversy  that  arose  in  connection  with  this  point. 
Both  the  clinical  and  the  experimental  evidence  has  been  contra- 
dictors* in  the  hands  of  different  obscn'crs,  but  the  tendency  of 
recent  studies  has  been  to  show,  as  stated  above,  that,  whereas 
the  motor  areas  lie  anterior  to  the  fissure  of  Rolando,  the  sensory 
areas  concerned  with  the  cutaneous  and  muscular  sensations  extend 
posterior  to  tliis  fissure.*  Positive  cases  are  recorded  in  which  lesions 
involving  the  anterior  central  convolutions  were  accompanied  by 
paralysis  on  the  other  side,  hemiplegia,  without  any  detectable 
disturbance  of  sensibility,  and,  on  the  other  hand,  lesions  in  the 
posterior  central,  and  neighboring  parietal  convolutions,  in  which 
there  was  a  hemianesthesia  more  or  less  distinctly  marked  ^\ithout 
any  paralysis.  Such  cases  t^^iid  to  suj»port  the  view  that  tlie  motor 
and  body  sense  areas,  although  contiguous,  do  not  overlap, f  (^ 
the  other  hand,  the  embryological  evidence,  as  funiished  by  Flechsig, 
indicates  that  the  sense  areas  may  extend  in  front  of  the  Rolandic 
fisstire  (p.  212)  jind  overlap  the  motor  areas  in  part.  At  pnrwt'nt^ 
perhaps,  one  is  justife.l  in  sayini;  only  that  the  region  immt^liately 
posterior  to  the  Rolandic  fissure  is  entirely  scnsorj'.  Regarding 
the  sensor>'  defects  associated  with  lesions  of  the  parietal  lobe 
posterior  to  the  Rolandic  fissure  (posterior  central  convolution, 
supnimarginul,  superior,  and  possibly  inferior  parietal  convolutions)^ 
it  seems  probable  that  they  involve  chiefly  the  muscular  sense, 
pressure  and  temperature  sense,  and  the  judgments  or  perceptions 
baaed  upon  theae  senisations,  while  the  sense  of  pain  is  but  little 
affected.  Monakow  gives  the  order  in  which  sensor>'  defects  mani- 
f«rt  themselves  after  such  lesions,  as  folloM"s:  The  localizing  space- 
and  muscle  sense  are  cliiefly  affected, — in  fact,  almost  lost  on  the 
opj)osite  side;  the  temperature  and  pressure  sense  may  l>e  affecledr 
whiU^  the  pain  sense  is  retained  or  hut  slightly  affecteil.  The 
clinicians  have  ol)served  that  the  most  positive  and  invariable 
symptom  of  lesions  in  this  region  is  a  condition  of  astereognosis, — 
that  is,  a  <liminution  in  the  stereognostic  sense  or  perception.  By 
the  stereognostic  perception  is  meant  the  power  to  judge  concerning 
the  form  and  consistency  of  external  objerts  when  handled,  and  it 
must  be  regarded  as  a  perception  based  upon  localized  sensations  of 
touch  and  temperature  in  combination  with  muscular  sensibility. 


•  Consult  Monakow,  "  Ergebriisse  der  Physiologic,"  1902,  voL  i,  part  l, 
p.  521. 

t  Mills,  American  Xcurolofiiical  Association,  1901. 
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On  the  whole,  therefore,  we  must  infer  that  the  cortex  in  this 
postrolandic  area  is  concerned  with  the  finer  and  more  conscious 
interpretations  of  the  sensations  of  pressure,  temperature,  and 
mus<'ular  conditions,  and  especially  the  higher  type  of  these  sensa- 
tions which  we  can  project  or  localize  accurately.  The  detinite 
part  of  the  cortex,  if  any,  concerned  in  the  primarj'  conscious 
mediation  of  the  sense  of  pain  and  in  the  more  general  sensations 


Fissure  tf  Rolando 


InterttaierMedioK  fWet 

(?) 


*''^   Nv^V/X  ^JntenudJreiform7i6ra. 

A/ii fleas  of  Coll 


oTjainal  CorcL 


FifT.  84. — Schema  repre!>«ntini;  the  nrifrin  and  eoune  of  the  fibers  of  the  median  fillet, — the 
iiiterfciitral  pathn  of  the  fiberji  nf  body  »enw. 

of  pressure  and  tcni])eratui*o— that  is.  the  so-called  common  or,  to 
use  Head's  term.  protojKithic  sensations  (p.  260) — has  not  been 
<lefinitely  localizc<l. 

The  Histological  Evidence.  Course  of  the  "  FOlct."— On 
the  histolojrical  side  thei*e  is  veiy  strong  corroborative  evidence  for 
the  view  that  cortical  centers  for  the  sensor>'  fillers  of  the  body 
in  general  Uo  in  the  parietal  lol^  in  the  region  indicated  al)ove. 
This  evidence  is  connected  with  the  path  taken  by  the  sensory 
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fibers  in  the  cord.  esp)ecially  those  of  the  posterior  columns,  after 
ending  in  the  nucleus  gracilis  and  nucleus  cuneatus  of  the  medulla. 
This  path  is  represented  in  a  schematic  way  in  the  accompanying 
(liiL)p-am  (Fig.  84).  The  second  sensor^"  neurons  arise  in  the  nuclei 
mentionetl.  For  the  most  part,  at  least,  these  new  neurons  run 
veiilnilK'.  as  internal  arcifnrm  fibere.  ci-oss  the  mid-line,  and  then 
pass  forward  or  anteriorly.  The  crossing  occurs  mainly  just  in 
front  of — that  is,  cephatad  to — the  pyramidal  decussation,  forming 
thus  a  sensory  decussation,  which  explains  the  rrosse<l  sensory 
itn>l.  as  the  pyramidal  decussation  exj^lains  the  crossed  motor 
itn)l  uf  the  cerebnmi  in  relation  to  the  body.  After  this  decussa- 
tsoD  the  sensory  fillers  form  a  longitudinal  bundle  on  each  side 


Ftc.  85. — Crov-wctimi  ihrouch  midbniin  (KoUikm')  to  slinw  the  pmation  of  the  fillet  (L.  L)t 
Nr,  ihr  red  nucleus;  .Sn.  the  jubttunitn  ni|[ni ;  f*P.  th*  oni*. 


known  as  the  median  fillet,  lemniscus,  or  laqueus,  which  in  the  pons 
lies  just  dorsal  to  the  pyramidal  tibens. 

The  fillet  fillers  ma\'  be  trace<l  forward  (see  Fig.  85)  as  far  as 
lienor  t;olli(*ulu.s  of  the  corpora  quadrigemina  and  the  thal- 
Ihe  important  termination  being  in  the  thalamus  (ventral 
or  lateral  nucleus).  Those  neurons  that  end  in  the  thalamus 
are  continued  forward  by  a  third  set  of  neurons,  which  end  in  the 
parietal  lol>e  of  the  wrebrum  (se<^  F'ig.  76,  C),  ()ri  its  way 
Ihfougb  the  medulla  and  pions  the  Hllct  tract  is  l^elieved  to  i-etreive 
aooeasions  of  sensory  fibers  from  the  sensory  nuclei  of  the  cranial 
ncncft  of  the  opposite  side.  The  course  of  the  fillet  has  been 
bv  various  means,  but  especially  by  the  method  of  myeliniza- 
13 
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Uon  during  embnomc  Uie  and  by  deirfiwiuiiMii  roiisequeiit  u 
loog-standif:^  disuse.  A^  was  stateil  in  ihe  ^ertidii  upon  Nerve  Dp- 
geoeratioDf  injun*  to  an  axon  is  followed  quickly  by  de^nenition  of 
the  periphenJ  end.  and  much  mure  «Ji»wty  by  a  defeneration  of  the 
central  end  and  the  nerve  cell  it^f.  when  the  path  is  not  ai^ain 
established.  Certain  long-stan<Ung  cj-^tic  lesions  (pcirencephaly  i 
in  the  parietal  cortex  have  reMilteti  in  an  airf>phic  depone nition  of 
the  fillet  fibers,  thus  adding  materially  to  the  eAidenre  that  this 
aeoaory  tract  ends  eventually  in  the  region  indicated.*  Further 
evidence  of  the  same  character  Is  found  in  ilie  ohijservationA  made 
by  rainpl>e!l  f  \i\wi\  case?  of  tabet^  dofvidis.  The  lesion  in  such 
rasa^  IS  in  the  posteri<»r  columns  of  the  spinal  cord,  but  eventually 
the  whole  upward  path  Is  affected  and  «iegenerative  changes  are 
found  in  the  cells  of  the  pacierior  central  convolution. 

From  the  connections  of  the  fillet  with  the  Tnict^  of  the  pos- 
terior cohimtLs  of  the  cord  it  is  evident  that  it  forms  one  pathway 
at  leajit  f<ir  the  fillers  of  muscle  sense.  Whether  or  not  the  fil>ers 
of  preHsure.  pain,  and  temperature  take  the  same  route  is  not 
known,  but  it  peems  probable  at  least  from  the  known  connectionfi 
of  the  fillet  with  the  .^nsor\'  nuclei  of  the  cranial  nerves  and  with 
the  i?ensor>'  tracts  of  the  lateral  as  well  as  the  posterior  columns 
of  the  cord.  The  fillet  entis  chiefly  in  the  thalamus,  l)efore  passing 
on  to  the  cortex,  and  here,  as  in  other  similar  cases,  we  have  the 
possibility  that  the  lower  centers,  in  addition  to  the  reflex  connec- 
tions which  they  make,  may  metiiate  also  some  form  of  conscious 
reaction.  While  the  general  tendency  has  been  to  confine  the 
conscious  quality  of  the  central  reactions  to  the  cortex,  there  is 
no  proof  that  the  lower  centers  are  entirely  lacking  in  this  property. 
In  Goltz's  dog  without  cerebral  cortex,  for  instance,  the  animal 
responded  to  various  sensory  stimuli,  and  when  himgr}*  gave 
evidence,  so  far  as  his  actions  were  concerned,  of  exi>enencing 
the  sensations  of  hunger:  but  whether  or  not  these  actions  were 
associated  with  conscious  sea^ations  is  hidden  from  us.  and  we  ran 
hope  to  arrive  at  jKisitive  conclusions  upon  tlus  point  only  by  obser- 
vations upon  man  himself. 

The  Center  for  Vision. — The  location  in  the  cortex  of  the 
general  area  for  vL^ion  has  been  established  by  anatomical,  physio- 
logical, and  clinical  evidence.  The  physiologists  have  experimented 
chiefly  by  the  mctho<l  of  ablation.  Mtmk,  Fcrrier,  and  hiter  ob- 
servers have  found  that  removal  of  both  occipital  lobes  is  followed 
by  defects  in  vision.  According  to  Munk,  removal  of  both  occip- 
ital lolx!s  is  followed  by  complete  loss  of  vi.sual  seasations,  or,  as  he 
expresses  it.  by  cortical  blindness.    Goltz,  however,  contends  that  in 

•HOtJcl.      Archiv  i.    Psychmtric."  24,    452.    1892. 

t  Campboll,  *  Histological  Sludiw  on  LocttliBalion  of  Cerebral  Functions, " 
C&niLirid|ce,  190o. 
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the  dog  at  least  removal  of  the  entire  cerebral  cortex  leaver  the 
animal  with  some  tlfgree  of  vision,  since  he  will  riosc  his  eyes  if  a 
stnmi^  lipht  is  thrown  upon  thwii.  All  the  exi>orinionts  upon  the 
higher  nianinials  (rnonkevh)  and  clinicjil  exp*'rioiuT  upon  man 
Urnds,  however,  to  support  the  view  of  Munk.  Complole  removal 
of  the  occipital  lobes  is  followed  by  apparently  total  blindneBs. 
If  any  flegree  of  vision  remains  it  b*  not  suflTioient  for  recogni- 
tion of  familiar  objects  or  for  directing  the  movements.  In  an 
animal  in  this  condition  the  pupil  is  constricted  when  light  is 
thrown  upon  the  eye;  but  this  reaction  we  may  regarti  u.s  a  reflex 
through  the  midbrain.  an<l  there  is  no  reason  to  l:)elieve  that  it  is 
accuropaciied  by  a  visual  sensation.  When  the  injur\'  to  tlie  (x-cip- 
ilal  eortex  \s  unilateml  the  Windne^^s  affect-s  synimelrical  halves  of 
thft  two  eyes,  u  condition  known  iia  hemiopia.  Ueatmction  of  t]»e 
right  occipital  lobe  causes  blindness  in  the  two  riplit  halves  of  the 
eyco,  or,  in  accor<iance  with  the  law  of  projection  of  retinal  stimuli, 
in  the  two  left  ludves  of  the  normal  visual  field  when  the  eye^ 
are  fixeil  U|X)n  any  object.  Destmrtion  of  the  left  occipital  lobe 
is  followetl  by  blindness  in  the  two  left  halves  of  the  retinas  or  the 
right  halves  of  the  visual  field.  Tlii^  iicsult  of  physiological  ex- 
periments is  })orne  out  by  clinical  experience.  Any  unilateral 
injurx'  to  the  o<'<i[>ital  !ol>tw  is  followed  by  a  c(Muiition  of  hemiopia 
more  or  less  complete  according  to  the  extent  of  the  lesion.  <)l)ser- 
mtioc).  however,  has  shown  that  this  general  s\'mmeti'iral  relation 
las  one  interesting  and  pwuliar  exception.  The  most  important 
p«Ul  of  the  retina  in  vision  is  the  rej^ion  of  the  fovea  centralis, 
whose  projection  into  the  visual  field  constitutes  the  field  of  direct 
or  central  vision.  It  1-*  K;nd  that  the  hemiopia  fnmi  unilateral 
legions  of  the  cort<?x  does  not  involve  this  part  of  the  retina. 

Thr  Hintotogiral  Eridence.—The  histological  residts  supple- 
ment in  a  very  satisfactory'  way  the  finding  from  physioloi;\*  and 
pathologN'.  The  retina  it.'self,  considered  from  an  cmbr>-ological 
8tand|M)int,  is  an  outgrowth  from  the  brain  vesicles,  and  is  there- 
fore an  outlying  pjjrtion  of  the  central  ncr\-ous  .s>-stem.  The  optic 
fibers,  in  terms  of  the  neuron  doctrine,  must  be  con.sidered  as 
axon^  of  the  nerve  cells  in  the  retina.  If,  therefore,  an  eye  is  enu- 
clcate<i  or  an  optic  ncr\'e  Is  cut  the  fil>crs  connected  with  the 
brain  undergo  secondar>-  degeneration  and  their  course  can  be 
tmced  microscopically  to  the  brain.  By  this  means  it  has  been 
ghown  that  in  man  and  the  mammalia  there  Is  a  f>artial  decu&- 
Mtion  of  the  optic  fillers  in  the  chiasma.  The  fibers  from  the 
inner  side  of  each  retina  cross  at  this  j)oint  to  the  opposit^^  optic 
tract;  those  from  the  outer  >dde  of  the  retina  do  not  decussal<f, 
but  pass  into  the  optic  tract  of  the  same  side.  The  fibers  of  the 
opiU*  tract  end  mainly  in  tne  gray  matter  of  the  external  genicu- 


IM 


PHTSIOLOGT  OF  CENTRAL  NERVOUS  BTSTEM. 


late  body,  but  some  pass  also  to  the  optic  thalamuH  {pulviaur)  and 
some  to  the  anterior  colliculus  of  the  corpora  quadrigemina.  These 
locations,  therefore,  particulariy  the  external  geniculates,  must  be 
coniudered  aa  the  priman-  optic  centers.  From  these  points  the  path 
b  continued  toward  the  cortex  by  new  neurons  whose  axons  consti- 
tute a  special  bundle,  the  optic  radiation,  lying  in  the  posterior  limb 
of  the  internal  capsule  (see  Fig.  76.  D).    A  schema  representing 


Occipiul  lobs. 

Op  lie  rmdiatioD. 
fiuperior  coUicuhia. 

Lateral  or  exiem«I  gsDicolsC*. 
Optio  tluiUmua. 


Optic  tr&rt. 


Optic  ehiwai. 


Optio  Dflrvv. 


Retina. 


nc  «0  — Di*ir»m  to  indicate  the  Keneral  court*  of  the  fibere  of  the  optio  nerves  and  lh» 
"■*  ^^  bilatenl  connectioo  between  oort«x  aod  retina. 


this  course  of  the  optic  fibers  Ls  given  in  the  accompanying  diagram 
{Fig.  80).  According  to  tills  schema,  the  general  rolatiomi  of  each 
occipital  lobe  to  the  retinas  of  the  two  eyes  Is  such  that  the  right 
occipital  cortex  represents  the  cortical  center  for  the  two  right 
halves  of  the  retinas,  wiiile  the  left  occipital  lobe  is  the  center  for 
the  two  left  halves  of  each  retina,— a  relation  that  agrees  completely 
with  the  results  of  experimental  physiologv-  and  clinical  studies. 
In  addition  to  the  fibers  described,  wliich  may  be  regarded  as  the 
visual  fibcra  proper,  there  are  other  fibers  in  the  optic  tracts  and 


■ 


I 


optic  nerves  whose  physiological  value  is  not  entirely  clear.  The 
fiber*  of  this  kind  that  have  boon  described  are:  (1)  Posterior  or 
Gudden's  commissure.  ri}>ers  that  pass  from  one  optic  tract  to 
the  other  along  the  posterior  border  of  the  chiasms.  These  fibers 
form  a  commbsural  band  connecting  the  two  internal  (or  median) 
genicuUte  bodies^  and  possiltly  also  the  inferior  colliculi.  It 
seems  probable  that  they  belong  to  the  central  auditory  path 
tather  than  to  the  visual  system.  (2)  Fibers  passing  from  the 
chiasma  into  the  floor  of  the  third  ventricle.  The  further  course 
of  these  fibers  is  not  clearly  known,  but  it  is  possible  that  they  make 
connectionj;  with  the  nuclei  of  the  third  nerve.  They  will  be  referred 
to  in  the  section  on  vision  in  connection  with  the  light  reflex  of 
the  iria.  (3)  An  anterior  commissure.  Several  r)bser\'ers  have 
claimed  that  there  is  a  commissural  band  along  the  anterior  margin 
of  the  chiasma  which  connects  one  optic  nerve  or  retina  with  the 
tofeher. 

There  are  many  points  in  connection  with  the  course  of  the 
optic  fibers  and  the  physiolog>'  of  the  different  parts  of  the  occijv 
ital  cortex  which  are  unknown  and  refjuire  further  investigation. 
Some  of  these  points  may  be  referred  to  briefly. 

The  Amount  of  Decussation  in  the  Chiasma. — ^According 
to  the  schema  given  above,  half  of  the  fibers  in  each  optic  ner\'e 
decussate  in  the  chiasma.  There  I*;,  however,  no  positive  proof 
that  the  division  of  the  fibers  is  so  symmetrically  made.  In  the 
lower  vertebrates, — fishes,  amphibia,  reptiles,  and  most  birds— 
the  crossing  is  said  to  be  complete,  while  in  the  mammalia  a  certain 
proportion  of  the  fibers  remain  in  the  optic  tract  of  the  same  side. 
In  a  general  way,  it  would  appear  that  the  higher  the  animal  is 
in  the  scale  of  development  the  larger  is  the  number  of  fibers  that 
do  not  cross  in  the  chiasma.  At  least  it  is  t  rue  that  a  larger  num- 
ber remain  uncrossed  in  man  than  in  any  of  the  mammalia,  and  it  is 
also  possible  or  prol^tabJc  that  the  extent  of  decussation  in  man 
wbawa  individual  differences.  There  seems  to  be  no  acceptable 
miggetstion  re^rding  the  physiological  value  of  this  partial  decu9- 
sation  other  than  that  of  a  probable  relation  to  binocular  vision.  It 
has  been  used  to  explain  the  physiological  fact  that  simultaneous 
stimulation  of  symmetrical  points  in  the  two  retinas  gives  us  a 
single  visual  sensation. 

The  Projection  or  Localization  of  the  Retina  on  the 
Occipital  Cortex. — It  would  seem  most  probable  that  the  paths 
from  each  spot  in  the  retina  terminate  in  a  definite  region  of 
the  orcipital  cortex,  and  iittempts  have  been  made  by  various 
methods  to  determine  this  relation,  .\ccoriling  to  Henschen,*  the 
visual  paths  in  man  end  around  the  calcarine  fissure  on  the 
•Henat'hen.  "Brain."  1893,  170. 
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tnesifil  surfaro  of  the  lirain.  and  this  portion  of  the  o<'cipital  lobe 
siionld  l»e  reganled  us  the  tnic  cortical  center  for  vision,  the  re- 
main<lor  of  the  ocripital  cortex  being  i>erhaps  the  seat  of  visual 
memories  or  associations.  Tliere  seems  to  be  much  e\*idence 
indeed  that  the  immediate  ending  of  the  optic  paths  Hes  in  this 
region.  Thus.  Donaldson*  found,  upon  examination  of  the  brain 
of  Laura  Bridjiman. — the  blind  deaf-mute,  that  the  cuneus  espe- 
cially showed  marked  utrophy,  and  clinical  cases  of  lesions  of  the 
cimeiis  have  been  foixnd  to  be  associated  with  a  marked  tlegree  of 
hemiopia.  So  also  IHechsig.t  by  means  of  the  myelinization 
method,  finds  that  the  optic  filjers  end  chiefly  along  the  margin 
of   the   calearine   fissure.     It   has  been    assumed    that    the    hbers 

from  the  fovea  of  the  retina 
end  in  this  region, — according 
to  some  authors  (Henschen) 
along  the  anterior  third  of  the 
fissure,  according  to  others 
(Schmid  and  T.aqvieurJ)  along 
tlie  posterior  portion  of  the 
fissure.  Moreover,  siuee  uni- 
lateral lesions  of  the  occipital 
lol)e,  however  extensive,  do 
not  cause  complete  blindneas 
of  the  foveal  r^'gion,  it  has 
been  supposed  that  this  im- 
portant part  of  the  retina  is 
bilaterally  represented  in  the 
cortex,  as  iMdicate<l  in  the  ac- 
companying diagram  (Fig.  S7v» 
ii()  that  complete  foveal  blind- 
ness—  that  is,  blindness  of  the 
centers  of  the  visual  fields — can 
only  occur  when  both  occipital 
lobes  are  injured  in  the  region 
of  the  calcarine  fissure.  While 
the  general  opinion  seems  to 
be  that  this  last-named  region  is  the  main  cortical  ending  of  the 
retinal  fibers,  especially  of  those  arising  from  the  foveal  area,  other 
observers  contend  that  the  entire  occipital  cortex,  lateral  as  well  as 
mesial  surfnccs,  must  bo  regarded  as  the  {'ortical  tennination  of  the 
visual  paths,  and  that  even  the  fo\'eal  portion  of  the  retina  is  con- 
nected with  a  wide  area  in  this  lobe.     Monakow,  for  instance,  points 

*  Donaldson,  "American  Jnumal  of  Psychology,"  lft92,  4. 

t  Fleclisig,  "  r^ealizaLion  lior  geietigeri'VorKilnee,"  Leipzig.  1S96, 

j  Schmid  and  Laqueur,  "Virchow's  Arcbiv,"  16S,  1900. 


Fin:.  87. — Diagratn  Khowinx  the  pmbnble 
iriatiorta  betwem  (be  part.t  of  the  retina  luiH 
tbe  vuiml  area  of  tlio  cortex. — (I'rUDi  SchJi' 
ler,)  Tbe  btlAtenl  rvpre^T\tatiun  nf  the 
lovea  in  iiidicaleil  by  tbe  eoune  of  the  dotted 
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out  that,  while  ext<»n.sive  lesioii-s  of  the  (K-ripilal  cortex  oix  lx»tli 
rtitles,  leiive,  with  a  (c.w  exceptions,  some  degree  of  central  virion, 
no  erases  are  reijorted  of  cortical  lesions  involving  only  or  mainly 
Ihe  vision  in  the  macular  region.  He  therefore  argues  that,  while 
the  paths  from  the  retina  to  the  lower  visual  centers  (extenial 
niculate)  may  be  isolate,  the  further  connections  with  the 
cortex  must  be  widespread.  The  cortical  center  for  distinct  vision 
according  t-o  this  view  is  not  limited  to  a  narrow  area,  but  must 
involve  a  large  region  in  the  occipital  cortex.  It  is  difficult  to 
reconcile  this  view  with  the  ideas  of  isolated  conduction  and  specific 
function  of  each  part  of  the  cortex,  and  it  is  very  evident  that  the 
projection  of  the  retinas  upon  the  cortex  is  a  question  that  must 
be  left  for  further  observation  and  experiment.  .Some  li^ht  was 
8upix>sed  to  be  throuTi  upon  the  subject  from  the  residts  of  stinuda- 
tion  of  the  <M*cipital  cortex.  Stimulation  of  this  kind  causes  move- 
ments of  the  eyes,  and  the  movements  varj'  with  the  place  stimu- 
lal4Mi.*  Stinudation  of  the  upi>er  lM>nlor  of  the  lobe  cauws  move- 
ments of  the  eyes  downward,  stiniulalion  of  the  lower  border  move- 
ments upward  and  of  hitenntHliate  regions  movements  to  the  side. 
Assuming  that  the  direction  of  the  movement  ia  associated  with 
movements  toward  that  part  of  the  visual  field  from  which  a 
normal  \Tsual  stimulus  would  come,  it  is  evident  that  movements 
of  the  eyes  downward  would  imply  stimulation  of  the  upjMT  half 
of  the  retina,  since  objects  in  the  lower  part  of  the  vi.sual  field 
fomi  their  image  on  the  upper  half  of  the  retina.  Following  this 
suggestion,  the  projection  of  the  retinas  on  the  occipital  lobes,  or 
the  cortical  repres*»ntation  of  the  retinas  on  the  occipital  cortex 
might  be  representee!  i)y  a  definite  schema.  Such  a  definite  rela- 
Uonahipy  however,  as  state<l  alx)ve,  is  not  l)ome  out  b}'  clinical  facts. 
The  fact  that  stimulation  of  the  occipital  cortex  causes  definite 
moxiements  of  the  eyeballs  seems,  however,  to  l>e  demonstrated  and 
it  implies  that  there  are  efferi'nt  fibers  in  the  optic  radiation  running 
from  the  occipital  cortex  to  the  midbrain,  where  they  make  con- 
nections with  the  motor  nuclei  of  the  third,  fourth,  and  sixth  cnmial 
nerves. 

The  Function  of  the  Lower  Visual  Centers.— The  first 
of  the  optic  fillers  lies  in  the  extenial  geniculate  and  to  a 
extent  in  the  thalamus  and  superior  colliculus.  Jt  is  con- 
ceivable, of  course,  that  some  degree  of  visual  sensation  may  be 
mediatetl  through  these  centers.  Ooltz  obser^'e<l  that  in  dogs  ^^ith 
the  cerebnim  removed  the  animals  showed  a  constriction  of  the 
pupils  when  a  bright  light  was  thn)wn  upon  the  eyes,  or  even  closed 
the  eyes.  It  is  the  general  belief  that  reactions  of  this  kin<i  are  me- 
chmnical  reflexes  accompanied  by  no  higher  psychical  reaction  tlum 
•Schafer,  "Brain,"  II,  I,  1889.  and  13.  J66,  1890. 
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ill  the  case  t>f  .spinal  i-efiexes.  Tlie  existence  iu  the  midbrain  of  the 
motor  nuclei  of  tlie  third  nerve,  and  of  the  posterior  lotigitudinal 
bundle  through  which  connections  are  establLshe<i  with  the  motor 
nuclei  of  other  cranial  nerves,  furni^!hes  us  with  a  possible  reHex 
arc  through  which  the  visual  impulses  brought  into  the  lower  optic 
centei-s,  especially  the  superior  coUiculus.  may  cause  co-ordinated 
movementw  of  the  eyes  or  of  the  head.  Usually  it  is  assumed  that 
conscious  visual  sensations,  and  especially  visual  associations  and 
memories,  are  aroused  only  after  the  impulses  reach  the  oi*cipital 
cortex.  In  the  fishes  the  midbrain  foi-ms  the  final  ending  of  the 
optic  fibera,  and  in  these  animals,  therefore,  whatever  psj'chical 
activity  accompanies  the  visual  processes  must  be  mediatetl  through 
thLs  portion  of  the  brain.  In  the  higher  animals,  however,  the 
development  of  a  coi-ebral  cortex  is  followed  l>y  the  evolution  of  the 
optic  radiation,  and  as  the  connections  of  the  oi^-cipitaJ  cortex 
increase  in  importance,  those  of  the  midbrain  (with  the  optic  fibers) 
dwindle  correspondingly.  Here,  as  in  other  cases,  the  psychical 
activity  is  concentrated  in  the  portions  of  the  brain  lying  most 
anteriorly,  antl  doubtle.ss  the  degree  of  consciousness  is  greatly 
intensified  in  the  higher  animals  in  correspondence  with  the  devel- 
opment of  the  cerebral  cortex  whose  striking  characteristic  is  its 
capacity  to  evoke  a  psychical  reaction. 

The  Auditory  Center. — The  location  of  the  auditon-  area  has 
been  investigated  along  lines  similar  to  those  used  for  the  visual 
center.  The  experimental  physiological  work  has  yielded  van-ing 
results  in  the  lianda  of  different  observers.  Munk  and  P'errier 
placed  the  cortical  center  for  hearing  in  the  temi>oral  lobe,  and 
in  spite  of  negative  results  by  Schafer  and  others  this  localization 
has  been  shown  to  be  substantially  correct.  Entire  ablation  of 
both  temporal  lobes  is  followed  by  complete  deafness.  Ablation 
on  one  side,  however,  is  foUowetl  only  by  impairment  of  hearing, 
anii  in  the  light  of  the  results  from  histology*  and  from  the  clinical 
side  it  seems  probable  that  the  connections  of  the  auditorv*  cortex 
with  the  ear  follow  the  general  schema  of  the  optical  system  rather 
than  that  of  the  body  senses.  That  is,  it  is  probable  that  the 
auditory*  libers  from  each  ear  end  partly  on  the  same  side  and 
partly  or  mainly  on  the  opposite  side  of  the  cerebnim.  The  e^act 
portion  of  the  temporal  lobe  that  serves  as  the  inmiediate  organ 
of  auditory  sensations  cannot  be  determined  with  certainty,  but 
it  seems  certain  that  it  lies  mainly  in  the  superior  temporal  g>TU8, 
and  the  transverse  g>'ri  extending  from  this  into  the  fissure  of 
Sylvius. 

The  Histological  Eiridence, — On  the  histological  side  the  paths  of 
the  auditory  fibers  have  been  followe<l  with  a  large  measure  of  suc- 
cess, although  in  many  details  the  opinions  of  the  different  investi- 
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feAlors  varv-  considerably.  The  eighth  iraiiial  nen'e  springs  from  the 
buJb  hy  two  root^:  the  external  and  the  internal.  The  former  has 
been  phown  tostipply,  mainly  at  least,  the  cochlear  portion  of  the 
internal  ear,  and  Ls,  therefore,  the  auditor\-  ne^^'e  projKT.  This 
divwion  is  spoken  of  as  the  cochlear  branch.  The  mtemal  root  sup- 
plies mainly  the  vestibular  branch  of  the  internal  ear,  and  is  there- 
fore spoken  of  as  the  vestibular  branch  (see  Fig.  88) .  It  seems  cer- 
Uun   that  the  latter  Ls  not  an  auditor^'  nerve,  but  is  concerned 


PcKierior  nuclctu. 


OeilWB'a  oucleua. 

Donal  Duclcus. 
Ventral  nucWua. 

Cochleiir  brmneb. 


Vestibular  bnoch. 


Semicirrular 


S<mrpa'»  ciuilUca. 

Cochlea. 

Spiral  cao^ioo. 
Fig.  flB. — Tlw  maduUary  nuclei  of  the  ei«htb  narv«. — (Frooi  Poiritr  an4  CA«rpy.) 


with  peculiar  SGnsation.s  from  the  semicircular  canals  and  vestibule 
that  have  an  importunt  influence  on  muscular  activity.  e«pet^ially 
in  ctiniplex  movements.  The  central  coui-se  of  these  two  roots  is 
quite  ajs  tlistinct  as  their  peripheral  distribution, — a  fact  that  beats 
out  the  suppoHition  that  they  mediate  different  functions.  The 
veBtibtiiar  branch  ends  in  the  nucleus  of  Deiters.  the  nucleus  of 
Bechterew.  and  the  nucleus  fa^ti^i  of  the  cerebellum.  Through 
Ihe^ip  imclci  reflex  cnimertions  are  made  with  the  motor  centers 
of  the  corti  and  midbrain,  and  probaljjy  also  with  the  rerel^ellum. 
The  path  is  not  known  to  l»e  continued  forward  to  the  cerebnim. 
The  rentral  eouree  of  the  cochlear  branch  is  indicated  schematically 
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in  Figs.  88  and  89.  The  fibers  constituting  this  hrtinch  arise  from 
nerve  cells  in  the  niotliolu.s  of  tlie  cochlea, — the  spiiiil  ganglion. 
These  cells,  like  those  in  ihv  posterior  root  ganglia,  are  bi|X)!ar. 
One  axon  passes  periphorally  to  end  ai*ound  the  sense  cells  of  the 
cochlea,  at  whitrh  point  the  sound  waves  arouse  the  nerve  impiilset>- 
The  other  axon  pas^sos  toward  the  pons,  forming  one  of  the  fibers 
of  the  cocldnar  branch.  (>n  entering  the  pons  these  co(rhlear 
branches  end  in  two  nuclei,  uue  lying  ventral  lo  the  reslifonu 
lx>dy  and  known  as  the  ventral  or  acces^oiy  nucleus  {l'.«.,  Fig.  89). 
and  one  dorsally.  known  as  the  dorsal  nucleus  or  the  tuljerculum 
acu.^ticiim  (D.n.l.  From  these  nuclei  the  path  is  continued  by  sec- 
ondary sensory  neiuons,  and  its  further  course  toward  tfie  l)rain  is 
still  a  matter  of  much  uncertainty  in  regard  to  numy  of  the  ile- 
tails.*  The  general  covirse  of  the  fibers,  liowever.  Ls  known.  Thoee 
axons  that  arise  from  the  accessory  nucleus  pass  mainly  to  the  oppo- 
site si»le  by  slightly  different  routes  (Fig.  SO).  Some  strike  directly 
acniss  toward  the  vental  side  of  the  pons,  forming  a  conspit-iioiw 
baud  of  transverse  fibers  that  has  long  l>een  known  nn  the  coq>us 

trapezoidrum ;  others 
pass  dorsally  around 
the  restifonn  Ixx-iy  and 
then  coui-se  downward 
through  the  tegmental 
region  to  enter  the  cor- 
pus trai)ezoidcum .  The 
fil)crs  of  this  crtjss  band 
end.  according  to  some 
oliservers.  in  certain  nu- 
clei of  gray  matter  on  the 
opposite  side  of  the  pons. 
e.spoi'ially  in  the  s\iperior 
olivary  boriy  and  the 
trapezoidal  nucleus,  and 
thence  the  path  fonvard 
is  continued  by  a  third 
neuron.  Certainly  from 
the  level  of  the  superior 
olivary  body  the  audi- 
tor\'  fibere  ent<>r  a  dis- 
tinct tract  long  known 
to  the  anatomist  and  des- 
ignated as  the  lateral 
fillet  or  lateral  lemnisciis. 
Authors  differ  as  to  whether  the  auditory-  fillers  of  this  tract  arise 
from  nerve  cells  in  the  superior  olivaiy  and  neighboring  nuclei,  or 
♦  For  literature  see  Van  Gehuchtcn,  "  Le  N6\Taxe,"  4,  253.  1903. 


Fix.  8B. — Dingram  to  show  central  courae  of 
nuditary  fibera  (modified  from  Van  Oehuchten): 
/>.n.,  Oonjol  nudoua  tfivuiK  rise  to  the  fibens  thnt 
form  the  nuditory  Mriie  (a.*.):  V.n.,  Ihc  venlnd  nu- 
cleus Kivinir  ■jrijpn  to  the  fibers  of  the  cori>ufl  traiw- 
fnidcuni  (e.tr.):  «.*>„  jiUperior  oUv-ary  nucleus;  l.f., 
Iftfceral  fillet;  h . a. .  nucleus  af  the  lateral  Bllet;  (.0.1., 
the  inferior  colUeulua. 
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are  the  fibers  from  the  acfe^son*  nucleus  whioh  pass  hy  the  superior 
olivar>'  body  without  endinj:  and  then  Ijeud  to  run  for%vard  in  ix 
InnKitudinal  direction.  This  lust  view  Is  represented  in  the  .schema 
(Fig.  8VV).  The  secondare'  sensor>'  fibers  that  arise  in  the  tuliemu- 
lum  acustiium  pass  dorsally  and  then  transversely,  fonning  a 
band  of  fiU-rs  that  comes  so  near  to  the  surface  of  the  floor  of  the 
fourth  ventricle  uk  to  fomi  a  sti-ucture  visible  to  the  eye  and  known 
a?  the  medullar^'  or  auditor}*  stria*.  The  filx^i's  of  this  system  dip 
Inwant  at  the  rapiic,  cmss  the  niid-Une.  and  a  part  of  them  at  least 
<rveniually  ivadi  the  lateral  fdlet  tif  tl»?  other  skie  eitlier  with  or 
without  ending  first  around  the  cells  of  ilie  sujwrior  olivary  nucleus. 
Arconlinp  to  the  description  of  some  authors,  the  hl)ei's  fn>m  the 
accessory  nucleus  and  tul»ercuhini  acusticvuii  do  not  all  cross  the 
mid-line  to  reach  the  lateral  lillet  of  the  other  side;  some  of  ttiem 
pass  into  the  lateral  fillet  of  the  same  side:  so  that  the  relation*  of 
the  fillers  of  the  cochlear  nerves  to  the  lateral  fillet  resemble,  in  the 
matter  of  crossing,  the  relations  of  the  optic  fil)ei's  to  the  optic 
Inict.  After  entering  the  lateral  fillet  the  auditory  liUM"S  pass 
forwaM  toward  the  midbrain  and  end  in  part  in  the  jiniy  matter  of 
the  'mferjor  colliculus.  of  the  metlian  or  internal  peniculate,  and, 
according  to  \'an  Oehuchten,  in  a  small  mass  of  nen'e  cells  in  the 
midbmui  known  lus  the  sui>erior  nucleus  of  the  fillet.  From  this 
stvond  or  third  termination  another  S4't  of  HIkm-s,  the  auditoiy 
nuliation.  continues  forward  throuirh  the  posterior  extremity  of 
the  internal  capsule  to  end  in  the  superior  temporal  jo'nis  (see 
FiR.  76,  K).  According  to  Flechsip.*  who  has  studied  the  course 
of  these  fibers  in  the  embryo  by  the  myelinization  method,  the 
main  proup  passes  frf»m  the  internal  geniculates  to  the  transverse 
^yri  of  the  temponil  lol)e  within  the  fissure  of  Sylvius.  The  in- 
tenial  Reniculates,  in  man  at  least,  have  therefore  the  function 
of  a  subordinate  auditory  center,  as  the  external  geniculates  have 
the  function  of  a  sul>ordinate  visual  center.  The  internal  genic- 
ulates are  connected  with  the  inferior  colliculus.  and  also,  it  will 
lie  remembered,  with  each  other,  by  commissural  til)erH  (Gudden's 
commissure)  that  pass  along  (he  optic  tnicts  an<l  the  posterior 
margin  of  the  chiasma.  The  auditor^-  path,  therefore,  involves 
the  following  stnicttires:  The  spiral  ganglinn.  the  cochlear  nerve, 
ftrces«4oni'  nucleus  and  tuliercuium  acustirum.  corpus  trapiezoideum, 
medullar^'  striie,  superior  olivary,  lateral  fillet,  inferior  colliculus, 
median  geniculate,  Gudden's  commissupe.  auditory  radiation,  and 
temporal  cortex 

The  Motor  Responses  from  the  Auditory  Cortex. — Acrord- 
ing  to  Ferrier,  stimulation  of  the  cortex  of  the  temporal  lol>e  (infe- 
rior convolution)  causes  definite  movements,  such  as  pricking  of 
*  FlechMg,  "  Localisation  der  gciatigcn  Vorgiingr*,"  l^ipzig,  WM). 
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the  ears  and  turning  of  the  head  and  eyes  to  the  opposite  side. 
As  in  the  case  of  the  visual  area,  therefore,  we  must  suppose  that 
distinct  motor  paths  originate  in  the  auditon-  region,  and  it  is 
natural  to  suppose  that  these  paths  give  a  means  for  cortical  reflex 
movements  following  upon  auditors-  stimulation. 

The  Olfactory  Center. — The  olfaetor>*  sense  is  quite  un- 
efjually  developed  in  different  mammals.  Broca  divided  them  from 
this  standpoint  into  two  classes:  the  osmatic  and  the  anosmatic 
group,  the  latter  including  the  cetacea  (whales,  porpoise,  dolphin). 
The  osmatic  group  in  turn  has  been  divided  into  the  microsmatic 
and  macrosmatic  animals,  the  latter  class  including  those  animals 
in  which  the  sense  of  smell  is  highly  developed,  such  as  the  dog 
and  rabbit,  while  the  former  includes  those  animals,  such  as  man. 
in  which  this  sense  is  relativeh'  rudimentar>'.*  The  peripheral  end- 
organ  of  smell  consists  of  the  olfacton-  epithelium  in  the  upper 
portion  of  the  nasal  chambers.  The  physioiog>'  of  this  organ  will 
be  considered  in  the  section  on  special  senses.  The  epithelial 
cells  of  which  it  consists  are  comparuble  to  bipolar  ganglion 
cells.  The  processes  or  hairs  that  project  into  the  nasal  chamber 
are  acted  upon  by  the  olfactory  stimuli,  and  the  impulses  thus 
aroused  are  conveyed  by  the  basal  processes  of  the  ceDs.  the  olfac- 
tory' fibers,  through  the  cribriform  plate  of  the  ethmoid  bone  into 
the  olfactor>'  bulb. 

The  Olfactory  Bulb  and  its  Connections. — The  olfactory 
bulbs  are  outgrowths  from  and  portions  of  the  cerebral  hemi- 
spheres. Each  bulb  is  connected  with  the  cerebral  hemispheres 
by  its  oIfactor>'  tract.  The  connections  establiehetl  by  the  fibers 
of  this  tract  are  widespread,  complicated,  and  in  part  incom- 
pletely known.  All  thoee  portions  of  the  brain  connected  >\"ith 
the  sense  of  srnell  are  sometimes  grouped  together  as  the  rhinen- 
cephalon.  According  to  von  Kolliker.  the  parte  included  under 
this  designation  are,  in  addition  to  the  olfactor>'  bulb  and  tract, 
Ammon's  horn,  the  fascia  dentata,  the  hippocampal  lol>e,  the  fornix, 
the  septum  lucidum,  and  the  anterior  conunissure.  The  schematic 
connections  of  the  olfactor>'  filx^rs  are  as  follows  (Fig.  90):  After 
entering  the  olfactory  loV)e  the  fil)ers  terminate  in  certain  globular 
bodies,  the  glomenili  olfuctorii  (^),  whose  diameter  varies  from  0.1  to 
0.3  mm.  Here  connections  are  made  by  contact  with  the  dendrites 
of  nerve  cells  of  the  olfactory  lobe,  the  mitral  and  brush  cells  (C). 
The  axons  of  these  cells  pass  toward  the  brain  in  the  olfactory  tract. 
Three  bundles  of  these  fibers  arc  di5tingiiishe<i:  (1)  The  precommis- 
sural bundle,  the  fibers  of  which  teniiinate  in  part  in  nerve  cells  sit- 
uated in  the  tract  itself,  but,  for  the  most  part,  enter  the  anterior 
commLssure  and  pass  to  the  same  or  the  opposite  side,  to  end  in  the 

♦  Sec  Barker,  "The  Ner\'oue  Syst«m,"  1899,  for  references  to  literature. 
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hippocampa]  lol>e3  or  other  gray  matter  l)elonping  to  tlie  rhiaen- 
rephalon.  (2)  Tlie  mesiul  bundle,  the  fibers  of  which  terminate 
ia  the  jicray  matter  adjacent  to  the  base  of  the  olfactor>'  tracts 
the  ttiberculum  olfactorium.  whence  the  path  is  probably  continued 
by  other  neurons  to  the  rcjjion  of  the  hippocampal  lobe,  (3)  The 
lateral  tract,  whose  fibers  seem  to  pass  to  the  hipporampal  lobe  of 
the  same  side.  According  to  Van  Gehuchten,*  none  of  the  fibers 
of  the  anterior  commissure  arise  from  the  nor\'e  cells  in  the  olfactory 
bulb.  He  considers  that  the  fibers  in  the  olfacton,^  jK>rtion  of  this 
commissure  constitute  an  association  syst^om  connecting  the  olfao- 
tory  lobe  of  one  side  with  the  olfactor>'  bulb  of  the  other  side. 


FiC-  90. — DIairram  of  the  central  onun*  of  the  olfactory  flben:    /.  OUactory  bulb; 
//.  olfactory  imrt:    JII.  cortex  of  the  hipixKmnuwl  lobe  (gyrus  uncinnttu);    tV,  anterior 
olfnrtory  portion:    A,  nlfactory  cmlneli&I  rella  of  nnat  (their  liberh,  otfnclory 


fibwa,  t«miinat«  Ui  the  gloincruli  of  the  bulb) ;  B,  clomeniti  of  olfactory  bulb  %her« 
tba  ollaetnry  fiber*  eoni«  in  ci>ttLart  with  the  (Jendnte«  ol  the  mitral  cells;    C,  mitral  anU 
bfiiBh  e«n»:    I,  'J,  3.  axons  from  the  mitral  c«lLi  constitutiufi  the  bbem  of  tna  olfttrtory 
FiberN  ;{,  which  enter  Ih*  eocnmissurfl.  arise,  according  to  eomo  observara.  frotn 


la  Ibe  olfactory  lobe 


of  the  tract. 


The  Cortical  Center  for  Smell. — So  far  as  the  histological 
evidence  goes,  it  tends  to  sliow  that  the  chief  cortical  termination 
of  the  olfactory  paths  is  found  in  the  hippocampal  lobe,  especially 
its  distal  portion,  the  gjnis  uncinatus.  The  experimental  evi- 
dence from  the  side  (»f  physiology  jKHUts  in  the  same  direction. 
Ferrior  states  that  electrical  stimidation  in  this  region  is  followed  by 

*  Van  Gchtichten,  "U  N^vraxe."  6,  191,  1904. 
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a  torsion  of  ^he  lips  and  nostrils  of  the  same  side,  muscular  move- 
ment«  that  accompany  usually  strong:  olfacton-  sensations.  On 
the  other  hand,  ablations  of  these  regions  are  followed  by  defeeta 
in  the  sense  of  smell.  The  experimental  e\idence  is  not  ver>' 
8atisfactor>',  owing  to  the  technical  difiicullies  in  operating  upon 
these  portions  of  the  brain  without  at  the  same  time  involving 
neighboring  regions.  There  is  some  clinical  evidence  also  that 
lesions  in  this  region  involve  the  sense  of  smell.  Thus  Carbonieri 
reconis  that  a  tumor  in  this  fx^rtion  of  the  temporal  lobe  occa- 
sioned epileptic  attacks  which  were  accompanied  by  nauseating 
odors . 

The  Cortical  Center  for  Taste  Sensations. — Practically 
nothing  definite  is  kno\\Ti  concerning  the  central  paths  and  cortical 
termination  of  the  taste  fibers.  The  course  of  these  fibers  in  the 
peripheral  nerves  has  been  much  investigated  and  the  facts  are 
mentioiuHl  in  the  section  upon  *' special  senstvs."  It  is  usually 
assumed,  altliough  without  much  decisive  proof,  that  the  cortical 
center  lies  also  in  the  hippocanipal  convolution  posterior  to  the 
area  of  olfaction.  Experimental  lesions  in  this  region,  according 
to  Ferrier.  arc  accomi>anie<l  by  disturbances  of  the  sense  of  taste. 
On  embrA'ological  grounds  Flechsig  supposes  that  the  cortical 
center  mav  lie  in  the  posterior  portion  of  the  gyrus  fomicatua 
(6,  Fig.  94). 

Aphasia. — The  term  aphasia  means  literally  tlie  loss  of  the 
power  of  HjK'cch.  It  was  used  originally  to  indicate  the  condition  of 
those  who  from  accident  or  disease  affecting  the  brain  had  lost  in 
part  or  entirely  the  power  of  expressing  themselves  in  spoken  words, 
but  the  term  as  a  general  expression  is  now  extended  to  include 
those  who  are  unable  to  understand  sjHjken  or  written  language, — 
that  is,  those  who  are  word-lilind  or  word-deaf.  It  is  usual,  there- 
fore, to  tiistinguish  sensor>'  aphasia  from  motor  aphasia.  By  the 
latter  term  Ls  meant  the  condition  of  tho^e  who  arc  umible  to  speak, 
and  by  sensor\'  ajiliasia  thosc^  who  are  unable  to  understand  the 
written,  printed,  or  s|)okensymlxilsof  words. 

Motor  Aphasia. — A  condition  of  motor  aphasia  not  infrequently 
remdts  from  injuries  to  the  head  or  from  hemorrhage  in  the  region 
of  the  miihilo  cerebral  art.en'.  The  first  exact  knowhulge  of  the 
portion  of  the  brain  involveil  seems  to  have  l>een  obtained  by 
BouiUaud  (1825)  as  the  result  of  numerous  autopsies. 

(It  ian  curious  fact  that  Bouillaiid's  observations  were  inspired  by  the  work 
of  Gall.  Gall  leaving  obserx'ed,  i\a  he  thought,  that  individuals  who  are  llucut 
speakers  or  who  have  rcttMitive  uiciimrieM  luv  cliaracltriztd  Lty  piojecliug  eyes, 
concludixi  thai  this  [M'ouliarity  is^hic  to  th»'  hirieersizc'  uf  the  lower  part  of  tlic 
frontaJ  lobe,  an(i  he  therefore  located  the  faculty  of  speech  in  this  re^^ion  of  the 
brain.  In  spito  of  tlie  vagaries  iuto  which  he  wa.s  led  by  hia  false  methods  Gall 
made  many  meet  important  contributioos  to  our  knowknige  of  the  auat4)my  of 
the  brain  aiid  the  cord.     The  diacuvery  of  the  location  of  the  oeuter  of  speech, 
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rrvcr,  cannot  hi*  rtKlitly  placpil  t<i  hisrrwiii,  RJnre  hiMrpasim.^  for  itnlorution 
were,  so  far  a»  wc  know,  entirety  unjuHtifieil.  It  caunul  be  nvkuned  us  niore 
than  a  coincidence  that  in  this  particular  hia  phrenological  k>cali£aliou  was 
afterward  in  a  nieiisure  jiiflliliinl  ny  facts.) 

The  essential  truth  of  Boidllaud's  obecn'ations  was  established 
by  other  observers,  and  Broca  esj>ecialJy  located  the  part  of  the 
bmtn  involved  in  the.se  lesions  in  the  i)o.sterior  part  of  the  thinl  or 
inferior  frontal  convolution.  This  region  Ls,  therefore,  frequently 
known  3LS  Broca 's  convolution  or  Broca's  center.  Subsequent  ob- 
ser\*ations  have  abundantly  confirmed  this  loculi/alion,  ami  wliat 
bl&Bfiignated  as  the  *^speech  center"  is  plnced  in  the  inferior  frontal 
eonrolution  in  the  gyrus  surn^ujiding  the  anterior  or  ascending 
limb  of  the  fissure  of  SylviiLS  (S,  Fi^.  01);  although  many  authors 
innist  that  this  localization  is  too  liniite<l,  and  that  defects  in  the 
power  of  speech  may  result  not  only  from  injiiries  to  this  region 
but  also  from  lesions  of  contigvious  areas,  inchuHrt*);  the  isliind 
of  Keil .  Autopsies  have  shown  that  in  ri j;h t -h:\ m le(  1  persons 
the  speech  center  is  placed  or  is  functional  usually  in  the  left  cere- 
bral hemisphere,  while  in  the  case  of  left-hnnde*!  individuals 
mphasiu  and  paralysis  are  prodviced  by  lesions  involving  the  lijjht 
side  of  the  brain.  This  rc^on  is  not  the  dii'ect  <'orticHl  motor 
center  for  the  muscles  of  speech.  It  is  p>ossible  that  aphasia  may 
iiaust  without  paralysis  of  these  latter  muscles.  It  is  rather  the 
memi>r>'  center  of  the  motor  innervations  necessary*  to  form  the 
appropriate  sounds  or  words  with  whirh  we  have  learned  to  ex- 
prKs.-i  certain  concepts.  The  child  is  taught  to  express  certain 
ideas  by  definite  words,  and  the  memory  apparatus  through  which 
the^^e  associations  are  transmitted  to  the  motor  apparatus  may 
be  conceived  as  located  in  the  speech  center.  Lesioas  of  any  kind 
a£feeting  this  area  will  therefore  destroy  more  or  less  the  ability  to 
use  appropriately  spoken  words,  and  clinical  experience  shows  that 
motor  aphasia  may  be  exliibited  in  all  degrees  of  completeness  and 
in  many  curious  varieties.  The  individual  may  retain  the  power  to 
use  a  limiteil  number  of  words,  with  which  he  expresses  his  whole 
mnge  of  ideas,  as,  for  instance,  in  the  case  descril>ed  by  Broca,* 
in  which  the  individtml  retained  for  the  expression  of  numbers  only 
the  word  three,  and  was  obliged  to  make  this  word  tlo  duty  for  all 
numerical  concepts.  Other  cases  are  recorde<l  in  which  the  patient 
had  lost  only  the  ix>wer  to  use  names — that  is.  nouns  (Marie) — 
or  coulil  remember  only  the  initial  letters.  Others  still  in  which 
wonls  could  be  used  only  when  associate<l  with  musical  memories, 
as  in  singing.  It  does  not  seem  to  l>e  certain  whether  or  not,  in 
the  rase  of  complete  le-^ion  of  the  center  on  one  side,  the  ability 

•  Kxner.  "  Hemiftnn'"  Ilandbuch  der  Physiologie,'  vol.  iii,  part  u.  p.  342. 
iVMifult  for  older  litcmtun;. 
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to  Speak  caa  be  again  acquire<i  by  education  of  new  centers.* 
Some  recorded  cases  seem  lo  indicate  that  this  re-education  i.s 
possible  in  the  young,  while  in  the  old  it  Is  more  tlifficult  or  impos- 
sible. We  express  our  thoughts  not  only  in  spoken  but  also  in 
written  symlx)ls.  As  this  latter  form  of  expression  involves  a 
different  set  of  muscles  and  a  different  educational  experience, 
it  is  natural  to  assume  that  the  complex  associations  concerned,  or. 
to  use  a  convenient  expi-ession,  the  memory'  centers,  should  involve 
a  lUfferent  part  of  the  cortex.  It  is,  in  fact,  obser\'ed  that  in  some 
aphasics  the  loss  of  the  power  of  writing,  a  condition  designated 
as  agraphia,  is  the  characteristic  defect,  rather  than  the  loss  of  the 
ability  to  use  articuhite  language.  The  area  in  which  the  motor 
associations  for  the  act  of  writing  are  locate<i  has  been  placed 

in  the  middle  or  sec- 
ond frontal  convolu- 
tion contiguous  to  the 
cortical  motor  centers 
for  the  muscles  of  the 
arm  and  hand  (W, 
Fig.  91), 

Sensor  tf  Aphattia. — 
In  sensor}^  aphasia  t 
(amnesia)  the  individ- 
ual suffers  from  an 
inability  to  under- 
stand spoken  or  writ- 
ten hinguage,  and  as 
the  cortical  centere  for 
healing  and  seeing  are 
situated  in  distinct 
parts  of  the  brain,  we 
should  expect  that  the 
mechanism  for  the 
association,  in  one  case  of  visual  memories  of  verbal  j-ymVjols  with 
certain  concepts  and  in  the  other  case  of  auditor)-  memories,  should 
also  be  located  in  separate  regions.  Inability  to  understanti  spoken 
language,  or  word-deafne^.  is,  in  fact,  usually  attributed  to  & 
lesion  involving  the  firet  temporal  convolution  contiguous  to  the 
cortical  sense  of  hearing  (//.  Fig.  91K  while  \os$  of  power  to  under- 
stand written  or  printed  language,  wonl-blindness.  is  traced  to 
lesions  involving  the  inferior  parietal  convolution,  the  gyrus  angu- 
laris,  contiguous  to  the  occipital  visual  center  (V.  Fig.  fllV    These 

•Soc  Mills.  "Journal  of  the  .\mcr.  Med.  Amoc.,"  1904.  :^Iiii. 

t Consult  Starr,  ".\pliasia. "  "Transactions  of  the  Congros*  of  American 
Phvnriftnit  and   Surgeons,"  vol.  i,  p.  329,   1888;  also  Monakow. 
pathologic.  1906. 
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Fie.   91. — Lateral   view  of  a  humao   bemliiphere; 
onrtical    nrrs    (',   damose  to  which    pn>ducea   "miiul- 


ilmiiiiaa 
(word-deaf  imm}1 


bliiidnesss"  <wonJ-bluidneM):   carUoal 
to    which   produces    "mlnd-deafneaa"  ywu«u-ui«i«i««/t 
cortical   aren   S,   daniaH*   to   which  cauae*  the  loas  of 
audible  apeech;  corticaTaren  ir.  damage  to  which  abol- 
iabes  the  power  of  writing. — (DonaUUcnJi 
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two  eonditions  may  occur  togetlier,  but  cases  are  reconletl  in  which 
thrr  existed  independently.  It  may  be  imagined  thiii  the  individual 
fluffering  from  word-blindness  alone  is  essentially  in  the  condition 
of  one  who  attempts  to  read  a  foreign  language,  The  power  of 
viaiiia  exists,  but  the  verbal  symlx)l.s  have  no  associations,  therefore 
no  roe&ning.  So  one  who  is  word-deaf  alone  may  he  compared  to 
tbr  normal  individual  who  Is  spoken  to  in  a  foreign  tongue.  The 
words  are  beard,  but  they  have  no  associations  with  past  experience. 

The  general  facts  regarrling  apha,sia  illustrate  excellently  the 
prevalent  conception  of  cerebral  localization  The  understanding 
and  the  use  of  spoken  or  written  language  is,  so  to  speak,  a  mental 
wiM>le,  both  from  the  standpoint  of  education  and  of  use.  To 
tmderstand  or  to  express  certain  conceptions  implies  the  use  of 
definite  wonla,  and  our  visual,  auditory,  and  motor  experiences  are 
eocnl:»ned  in  these  symbols.  Each  phase  of  this  complex  may  be 
cultivated  more  or  less  separately;  in  the  case  of  the  unlettered 
man,  for  instance,  the  wTitten  or  printed  symbols  fonn  no  part 
in  the  associations  connected  with  his  verbal  concepts.  Corre- 
sponding to  these  facts  we  liave,  on  the  anatomical  side,  a  jx^rtion 
d  the  brain  in  which  the  auditory  momorios  are  organized, — that 
is,  eonneeted  in  some  way  with  a  definite  arrangement  of  nerve 
«dl8  and  their  processes,  another  part  in  which  the  \'isual  memories 
are  organi2ed,  and  other  parts  in  which  the  motor  memories  as 
regards  spciiking  or  writing  are  laid  do\\Ti  in  some  definite  form. 
Each  part  is  a  distinct  center,  but  their  combined  use  in  intellectual 
fife  would  imply  that  they  arc  connected  by  association  fibers,  so 
that,  although  fundamentally  dLstinct^  they  are  practically  com- 
bined in  their  activity.  Corresponiling  with  this  conception  it  is 
fdiind  from  clinical  experience  that  aphasics,  although  the  lesion 
may  affect  only  one  of  these  various  centers,  suffer  a  deterioration, 
more  or  less  pronounced,  of  their  general  intellectual  capacity. 
We  may  believe  that  the  var\'ing  gift^s  of  individuals,  in  the  matter 
of  the  use  of  language,  rest  partly  on  the  amount  of  training  re- 
ceived and  partly  on  the  inborn  character  and  completeness  of 
the  nervous  machinery  in  the  different  centers. 

The  Association  Areas. — According  to  the  views  presented 
above,  it  will  be  seen  that  the  motor  and  sense  areas  occupy  only 
a  small  portion  of  the  cortex,  forming  islands,  as  has  been  said, 
surrounded  by  much  larger  areas.  Flechsig*  has  designated  these 
latter  areas  as  association  areas,  and  has  advocated  the  \'iew  that 
they  are  the  portions  of  the  cortex  in  which  the  higher  and  more 
complex  mental  activities  are  mediated,  the  tnie  organs  of  thouglit. 
His  views  as  to  the  relations  and  physiological  significance  of  these 
aress  have  been  based  chiefly  on  the  study  of  the  embr>"o  brain 

•  KIech«ig.  "Gehirn  und  Seele,"  Leiprig.  1890;  alao,  "Archives  de  aeurol' 
ope,"  vol.  ii,  190a 
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with  reference  to  the  time  of  acquisilion  of  the  myelin 
Thus  he  finds  thtit  the  fillers  to  the  sense  areas  acquire  their  myelin, 
and  therefore  according  to  \m  view  become  fuUy  functional  before 
those  distributed  to  the  association  areas.  Moreover,  in  the  em- 
br^'o,  at  least,  these  latter  areas  are  not  supplied  \^ith  projection 
fibers. — that  is,  they  are  not  connected  directly  with  the  under- 
lying parts  of  the  nervous  systems.  Their  connections  are  with 
the  various  sense  centers  and  motor  ct'nters  of  the  cortex. 

The  association  areas  amy  he  regarded  therefore  as  the  n^ons 
in  which  the  different  sense  impressions  are  s^Tithesdzed  into  complex 
perceptions  or  concepts.  The  fountlations  of  all  knowledge  are 
to  be  found  in  the  sensations  aroused  through  the  various  scnae 
organs;  through  these  avenues  alone  can  our  consciousness  come 
into  n.*lation  with  the  external  or  the  internal  (somatic)  world. 
and  the  uTiit>n  of  those  sense  impressions  into  organized  knowledge 
is,  according  t<t  Flechsig,  the  general  function  of  the  a.ssociation 
Hiva-s.  This  function  of  the  association  areas  is  indicated  by  the 
nnntomicai  fact  that  they  arc  connected  with  the  various  sense 
centers  by  tracts  of  association  filxTs,  suggesting  thus  a  mechanism 
by  which  the  sense  qualities  from  these  separate  sense  centers  may 
l>e  combined  in  consciousness  to  form  a  mental  image  of  a  complex 
nature.  Tlie  sequence  of  phenomena  in  the  external  world  is  or- 
derly, and,  corresponding  to  this  fact,  the  reflection  of  these  phenom- 
ena in  the  sequence  and  combinations  of  sensations  is  also  orderly. 
In  tJic  association  areas  our  memory  records  of  past  experienc-es 
and  their  connections  are  laid  down  in  some,  as  yet  unknown, 
material  change  in  the  network  of  nerve  cells  and  fibers.  Here, 
as  elsewhere  in  the  nervous  system,  it  may  be  supposed  that  the 
efficiency  of  the  nervous  machiner}*  is  conditioned  partly  by  the 
cotiipletencits  and  character  of  training,  but  largely  als(j  by  the 
iiibcjrn  character  of  the  machiner>'  itself.  The  ver)-  marked  differ- 
encea  among  intelligent  and  cultivated  persons — for  instance,  in 
the  matter  of  musical  menior>'  and  the  power  of  appreciating  and 
rej»roducing  mui^ical  haniionies — cannot  be  attributed  to  difTerences 
in  training  alone.  The  gifted  person  in  this  rt^pect  is  one  who  is 
lK)ni  with  a  certain  jx)rtion  of  his  brain  more  highly  organize<l  than 
that  of  most  of  his  fellow-men.  This  genend  conception  that  the 
BfX'cial  ciipacitics  of  talented  individuals  rest  chiefly  upon  inborn 
difTerences  in  structure  or  orgarizatJon  of  the  brain  may  be  re- 
garded as  one  outcome  of  the  niodeni  doctrine  of  localization  of 
funHions  in  this  organ.  In  the  beginning  of  the  nineteenth  century 
it  sitemfl  to  have  been  the  general  view  that  those  who  had  a  high 
tif'grM'  of  mental  capacity  might  direct  their  activity  with  equal 
Bijrf'CHM  in  any  dirccticm  according  to  the  training  receix'ed.  A  man 
who  c<jijld  walk  fifty  miles  to  the  north,  it  was  said,  could  just  as 
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easily  walk  fifty  miles  to  the  south,  and  a  man  %vho8o  training 
ma<le  him  an  eminent  mathematician  might  with  different  tntining 
have  nia^le  an  equally  eminent  soldier  or  statesman.  In  our  day, 
however,  with  our  ideas  of  the  organization  of  the  brain  cortex, 
jin<i  our  knowledge  that  different  parts  of  this  cortex  give  different 
reactions  in  consciousness,  it  seems  to  follow  that  special  talenta 
n.re  due  to  differences  in  organization  of  special  parts  of  the 
cortex. 

Subdivision  of  the  Association  Areas. — On  anatomical  grounds 
I'leehsig  distinguishes  three  (or  four)  association  areas:  The  frontal 
or  anterior  (35,  Fig.  94),  which  lies  in  front  of  the  motor  area; 
the  median  or  insular.— that  is.  the  cortex  of  the  island  of  Reil; 
and  the  posterior,  which  lies  back  of  the  body  feeUng  area,  extending 
to  the  occipital  lol^e  and  also  laterally  into  the  temporal  lobe. 
This  area  FlecFisig  suggests  may  be  sulxlivi<^led  into  a  parietal  area, 
.'M.  Fig.  94,  and  a  tem[X)ral  area,  ;^,  Fig.  94.  The  grt^ater  n?lative 
develoi)ment  of  these  areas  is  one  of  the  features  distinguishing 

Ilhe  human  brain  from  those  of  the  lower  mammals.  In  acconiancc 
^th  the  general  conception  of  localization  of  functions  F'lechsig 
Bugg6st«  that  these  areas  have  different  functions, — that  is,  take 
different  parts  "m  the  complex  of  iiuntal  activity.  Basing  his 
\'iews  upon  the  nature  of  the  association  tracts  connecting 
Uiem  with  the  sense  centers,  he  suggests  that  the  posterior  area 
h  concemeii  particularly  in  the  organization  of  the  experiences 
foundetl  ui>on  visual  and  auditory  sensations,  and  shows  especial 
development  in  cases  of  talents,  such  as  those  of  the  nmsician, 
H  which  rest  ufxm  these  experiences.  The  anterior  area,  being  in 
■  cluBer  connection  with  the  body  sense  area,  may  possibly  be  esfje- 
cially  nincemiHl  in  the  organizati{)n  of  experiences  based  \i[ion  the 
internal  sensations  (Ixjdily  apjx'tites  and  desires).  In  tliis  part 
of  the  brain  possibly  arises  the  conception  of  individuality,  the 

Jidea  of  the  self  as  distinguishetl  from  the  external  world.  And  in 
alterations  or  defective  development  of  this  portion  of  the  brain 
may  lie  possibly  the  physical  explanation  of  mental  and  moral 
degeTieracy.  This  general  id<*a  is  Imnie  out  in  a  measure  by  his- 
tological studies  of  the  brains  of  those  who  are  mentally  deficient 
(amentia)  or  mentally  deranged  (dementia).  It  is  stated*  that 
the  brain  in  such  cases  show^s  a  distinct  wasting  of  the  cortex  and 
that  the  maximum  focus  of  this  change  is  found  in  the  prefrontal 
lobes  (anterior  assoi*iation  area).  In  the  ease  of  the  idiotic  this 
area  is  distinctly  undeveloix-d  and  in  the  insane  the  atn>phy  is 
marked  in  prr>portion  to  the  degree  of  dementia.  Reparoling  the 
liar  functions  of  the  cortex  of  the  island  of  Reil  there  are  no 
sutficiently  distinct  to  warrant  even  a  provisional  statement. 
•  Bolton,  "Brain,"  1903.  p.  215. 
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The  area  is  much  more  developed  in  man  than  in  the  lower  mam- 
mals, and  its  connections  with  other  parts  of  the  cortex  by  meuns 
of  association  tracts  are  such  as  to  lead  to  the  supposition  that 
its  general  functions  are  of  the  higher  synthetic  character  attributed 
to  the  association  areas  in  general. 

By  way  of  caution  it  hHouM  t>e  stated  that  the  geoerat  ideas  developed 
above  in  accordance  witli  Flechsig'a  views  do  not  meet  with  univencal  accep- 
tance. Some  of  the  most  experienced  ohser\'ere  are  unnilling  to  admit  timt 
such  a  degree  of  localization  uf  the  peychical  activities  really  exists.  They 
contend  tliat  the  whole  cortex  may  be  concerned  in  mediating  the  highest 
mental  processes,  and  quote  post-mortem  examin»tinn.s  of  carefully  studied 
caM?s  in  support  of  thiB  view.  We  mufit  recognize,  in  faol.  that  the  ncliomaTa 
designed  to  sliow  the  (ilstribution  of  the  hiKher  psychical  actinttes  in  (he 
cortex  reprcHenl  ni  present  only  hypotheses  wf>irh  n^'ed  satisfartorv  con- 
Hmiation  before  they  can  be  fin:illy  accepted.  We  nmy  feel  considerable 
wmfidence  in  the  localizations  of  ilie  motor  area^  and  of  some,  at  least,  of  the 
jten-sory  areas,  but  in  the  matter  of  the  more  complex  mental  acts,  failure 
in  which  expresses  itself  in  the  conditions  of  aphakia,  dementia.  per>*ersionM. 
etc..  our  knowledge  i.s  incomplete?,  both  as  regards  anaiyttia  of  the  aymptomfl 
and  the  localities  afTect«d  in  the  brain. 

The  Development  of  the  Cortical  Areas. — In  a  recent  report 
Flechsig*  gives  the  results  of  an  extensive  study  of  the  time  of 
myelinization  of  the  fibers  in  the  cerebrum  of  man  from  the  fourth 
month  of  intra-uterine  to  the  fourth  month  of  extra-uterine  life. 
TJae  first  areas  to  develop  in  the  cortex  arc  the  priniar>*  sense 
centers  (smell,  cutaneous  and  muscle  sense,  sight,  hearing,  and 
touch),  and  later  in  connection  with  these  centers  systems  of  motor 
fibers  appear.  There  are  thus  formed  seven  primar>'  zones,  sensf)r}' 
and  motor,  to  which  he  gives  the  name  of  projcciwn  areas.  Hie 
location  of  these  areas  is  shown  in  part  in  Figs.  92  and  93,  s  (.5^,  ^), 
5,  ff,  7  (?*),  s,  15,  Two  areas  connected  with  the  olfactory'  sense 
are  not  shown  in  these  figures;  they  appear  in  the  anterior  per- 
forate lamina  on  the  ba.se  of  the  brain  and  in  the  uncinate  gyrus. 
Later  there  is  devciojxjd  around  these  priniMn-  zones  areas  that 
Flechsig  calls  marginal  or  lx>rtler  zones,  which  have  no  projection 
fibers,  but  which  are  connected  by  short  association  fibers  with 
one  or  more  of  the  primary  projection  zones,  14,  le  to  At.  in  I-'igs. 
94  and  95.  These  areas  all  develop  after  birth;  and  from  a 
physiological  standpoint  may  be  regarded  perhaps  as  the  seat  of 
the  organized  memories  connected  with  the  primary-  sense  centers. 
It  is  injuries  in  these  centers  which  may  be  supposed  to  produce 
the  various  kinds  of  aphasia  described  above.  Thus,  areas  J7,  so, 
and  24  form  Ixirder  areas  to  the  primary  area  of  sight  {&);  IG  has 
the  same  relation  to  f,  18  to  ^,  and  14,  //  with  7.  I-ater  still 
the  gn^at  association  areas— j^,  35,  S6,  Figs.  94  and  95 — acquire 
their  myelinated  fibers.  These  latter  centers,  as  indicated  above,  may 

♦Flechsig,  *' Brriehte  der  mathematiscli-physisrhen  Kla-sse  der  kOnij^l. 
Sachs.  GcselUchaft  der  Wissenschaften  zu  I.pip/ip,"  19f>4.  For  a  yuninmrj'  of 
the  result*  of  this  work  see  Sabin,  "Tae  Johns  Hopkins  Uoepitai  Bulletm," 
Febniarj',  1905. 
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be  considorDd  aa  atwofiation  iireii-s  with  inort'  complex  connections, 
and  they  scr\'c  to  mediate  therefore  the  higher  f)syrhieal  activities. 
Heehsig,  in  his  recent  report,  desifjnat^s  these  areas  from  an  anatom- 
ical point  as  terminal  or  central  zones.  As  the  result  of  his  his- 
tr>l*»gical  work,  as  far  as  it  has  propjessetl,  he  distinpiishes 
thirty-eix  areas  in  the  cortex  in  which  the  myelinization  of  the 
fibere  occurs  separately,  and  in  which,  therefore,  by  inference, 
diffcrt^nt  physioloj^ical  activities  are  metliate<i.  These  36  areas 
are  snlxli%ided  as  follows: 

L  Primary  areas. 

!».  Primary  projection  areas  (/,  S,  4,  S,  6,  7,  S  (iJ),  seven  or 
eight  ill  uuiul^r,  aiid  provided  with  projection  fibera — 
sensory  and  motor. 

16.  Primary  areas  without  projection  fibers  (J,  $,  20^  11,  IS,  IS) 
and  appHiently  without  UASociation  fibere.     Functions  un- 
certain. 
IL  AMOciatiuu  aTL'OS. 

!!••  Intcrmciiiute  or  border  areas.  14,  l(i~3S,  provided  with 
short  :i&^ociation  fibens. 

n'^  Terniiujil  or  central  areaSf  S4t  S5y  3€,  pro\aded  with  long 
association  fibers. 

Histological  Differentiation   in  Cortical  Structure.— While 

the  general  structure  of  the  tortex  is  everywhere  siniiiar.  ilotailed 
examination  has  shown  <iifferences  in  the  shape  of  the  cells,  the 
ihickness  antl  nvmil>er  of  the  slnita,  the  calibre  of  the  fibers,  etc., 
which  are  said  to  be  constant  for  any  given  region.  By  this  means 
it  is  possible  to  divide  the  cerebral  cortex  into  a  numh)er  of  area* 
wh*>9e  structm-es  are  sufficiently  distinct  to  \x*  lerofj^izeti  with  s<»me 
ccrUiinty.  Reasoning:  from  jinalo^nt'  we  should  infer  that  a  differen- 
tiation in  structure  implies  a  sulxlivision  of  physiol(»gical  activity, 
and  to  this  extent  this  recent  histological  work  supports  the  view 
of  a  U»calized  distribution  of  function  in  the  cortex.  ('amplK*!!.* 
in  a  very  thorough  investigation  of  this  kiiul.  has  succeeded  in 
*M?paniting  some  fifteen  or  sixteen  different  areas,  and  the  results 
obtained  by  him  supjxjrt  in  a  general  way  the  lot^alizations  iiescnl)e<l 
in  the  preceding  papers.  Thus  the  cortex  in  the  |)ostcpntral  c<»n- 
volution  (Ixxiy-sense  area)  htis  a  structure  distinctly  different 
from  that  of  the  precentral  convolution  {motor  area),  the  latter 
bfjng  characterized  among  other  things  by  the  presence  of  giant 
pyramidal  cells  (Betz  celL^).  In  the  occipital  lolies  the  region 
namd  the  calcarine  fissure  (vLsuo«en«or}')  has  a  structure  different 
from  that  of  the  contiguous  cortex  (visuopsychicK  and  a  similar 
diffepence  is  claimetl  for  the  auditor)'  region.  ( 'nmpl»ell  calls 
iittention  to  the  fact  that  the  extreme  end  of  the  frontal  lol>e 
(prrfrontal  region)  has  a  compamtively  undevelope<l  structure. 

•CamiiU'll.  "  Uislologicul  Sludien  on  Loculifiation  of  Cerebrul  Funrtioiw," 
Cambridgr,  1W)5. 
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The  Corpus  Callosum. — The  corpus  callosum  is  the  most 
conspicuous  of  the  bands  of  commissural  fibers  that  connect  one 
cerebral  hemisphere  witli  the  other.  Similar  tracts  of  the  same 
genenil  nature  are  the  ant<?rior  commissure,  the  fornix,  the 
psiilterium,  etc.  The  position  and  great  development  of  the  corpus 
callosum  has  niade  it  the  object  of  experimental  as  well  as  anatomical 
investigation.  When  the  corpus  is  divided  by  a  section  along  the 
lon^tudinal  fissure  (v.  Koranyi)  no  perceptible  effect  of  either  a 
motor  or  senson,'  nature  is  obscr\'e(l  in  the  animal.  WTicn  it  is 
stimulatefl  electrically  (Mott  and  Schafer)  from  above  symmetrical 
movements  on  the  two  sides  of  the  l>ody  may  be  obtainetl.  If 
the  motor  cortex  on  one  side  is  removed  stimulation  in  the  ionp- 
tudinal  fissures  causes   movements   only  on   the  side  controlled 


Ftg.  00. — IMmcimm  to  show  the  compncUldn  or  the  eorpu«  eallosuin  as  a  tywtmai  of 
miwunU  fibers,  without  pro;octioa  bbers. — (C<i;aiO 


by  the  uninjured  coitex.  These  farts  are  in  harmony  with  the 
i-esiilts  <i(  hisroldpcal  studies,  which  indicate  that  the  fibers  of  the 
corptis  rnllosuni  do  not  entrr  diiivtly  into  (he  internal  capsules 
to  l)e  distributed  to  uiuierlyini;  portions  of  the  bruin.  l>Lit  are  truly 
commissural  aiul  connect  portions  of  the  cortex  of  one  hemisphere 
with  the  lorlt'X  of  the  other  side.  This  relation  is  indicated  in  the 
accompanying  i.liagram  (Fig.  96).  So  far  as  the  motor  regions  are 
concerned,  there  is  son»e  evidence  that  the  connection  thus  es- 
tablished b  between  symmetrical  parts  of  the  cortex  (Muratoff), — 
that  is,  between  parts  having  similar  functions, — and  we  may  per- 
haps regard  the  corpus  as  a  means  by  which  the  functional 
activitittti  of  the  two  sides  of  the  cerebnuu  are  associated. 

The  Corpora  Striata  and  Optic   Thalami. — The  numerous 
masses  of  gray  matt<n*  found  in  the  cerebrum  beneath  the  cortex. 
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in  Ihe  thnlanionrophalon.  and  in  the  midlmiin  have  each,  of  course^ 
specific  functions,  but,  in  general,  it  may  be  said  that  they  are 
intercalate  on  the  afferent  or  efferent  paths  to  or  from  the  cortex. 
Their  physiolopy  is  inchideil,  therefore,  in  the  descrijjtion  of  the 
functions  ine<Uated  by  these  paths.  For  instance,  the  external 
peniculate  bodies  form  part  of  the  optic  path.  In  addition,  how- 
e%Tr.  these  masses  of  cells  contain  in  many  cases  reflex  arcs  of  a 
more  or  less  complicated  kind,  throuph  which  afferent  impidses 
•ro  converted  into  efferent  impulses  that  affect  tl»e  musculattire 
or  the  glandular  tissues  of  the  Ixnly.  The  larjie  nuclei  constituting 
the  corpora  striata  (nucleus  caudatus  and  n.  lenticularis)  and  the 
optic  thalami  have  been  frequently  etudie<l  experimentally  to  as- 
certain whether  they  have  specific  functions  inde|X'ndently  of  their 
relations  to  the  cortex.  These  efforts  have  given  uncertain  results. 
OMer  experiments  (Nothnagel).  in  which  the  attempt  was  made  to 
destroy  these  nuclei  by  the  localizetl  injection  of  chromic  acid,  are 
probably  unreliable,  as  the  destnution  involve<l  also  the  projection 
fibers  passing  to  the  cortex.  I^esions  of  the  nucleus  caudatus  are  said 
to  be  accompanied  always  by  a  rise  in  body  temixTature  and  an 
increase  in  heat  production,  and  stimulation  of  the  same  nucleus 
gives  a  very*  marked  rise  in  blood-pressure.  These  facts  indicate 
a  possible  connection  of  this  nucleus  with  heat  and  vasomotor 
regulation.  Other  observers  have  supfxised  that  these  nuclei  are 
especially  conceme<l  in  the  co-ordination  of  the  must-les  concerned 
in  involunlar\^  or  unconscious  movements.  On  the  anatomical  side 
we  have  the  striking  fact  that  the  mtclei  of  the  corpora  striata 
have  few  connections  with  the  cortex,  but.  on  the  other  hand,, 
send  an  independent  system  of  projei-tion  fibers  into  the  brain  stem. 
Kmbr>ologically  these  structures  are  develoi>ed  from  the  wall  of 
the  forebrain  and  would  seem  to  have  a  physiological  importance 
similar  to  that  of  the  cortex  itself,  but  experimental  and  clinical 
facts  are  at  present  insufficient  to  justify  any  hypothesis  as  to  their 
S(Jeciul  functions.  With  regard  to  the  various  nuclei  of  the  optic 
thalamus  it  is  known  that  they  fonn  abuntlant  connections  with 
the  eensor>'  areas  of  the  cortex  cerebri,  and  from  this  standpoint 
they  may  be  regarded  as  consisting  of  subcent^rs  with  a  proba- 
bility, however,  that  reflexes  may  occur  through  them  (subcortical 
reflexes)  independently  of  the  cortex.  Numero\»8  fibers  have  been 
traced  from  the  thalamus  to  the  body  sense  area  (Fiechsig). 
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CHAPTER  XI. 

THE  FUNCTIONS  OF  THE  CEREBELLUM,  THE  PONS, 
AND  THE  MEDULLA, 


The  functions  of  the  cerebellum  are,  in  some  respects,  less  satis- 
factorily known  than  those  of  any  other  part  of  the  central  ner\''0\i6 
system.  Many  tiieuries  have  been  held,  ilost  of  these  ^*iew8 
have  been  attempts  to  assign  to  the  organ  a  single  function  of  a 
definite  character,  but  latterly  the  insufliciency  of  the  theories 
pro]ioseil  has  led  ol>servers  to  attribute  to  the  cerebellimi  general 
pro]>erties  tht  nature  of  which  can  not  be  expi-essed  satisfactorily 
in  a  single  phra.se.  Before  attempting  to  give  a  6Ummar>'  of  exist- 
ing views  it  will  be  heljiful  to  recall  briefly  the  unportant  facts  re- 
garding its  •itrucLui'e  and  relations,  so  far  as  they  are  known  and  can 
be  used  to  expiaui  its  functional  value. 

Anatomical  Structure  and  Relations  of  the  Cerebellum. — 
The  finer  lii^tologj*  of  the  cerebellar  cortex  is  represented  in  Fig.  07. 
Three  layers  may  be  distinguisheil.  The  external  molecular 
layer  (.4 ),  the  middle  granular  layer  (/?),  and  the  niteninl  incdullan' 
layer  consisting  of  tlic  wiiiie  matter  or  mcdnllatpd  nenc  fibers, 
afferent  and  efferent  (C).  Hctwecn  the  mol(*cular  and  granular 
layers  lie  the  large  and  characteristic  Purkinjn  rella  («),  The 
dendrites  of  these  cells  branch  profusely  in  the  molecular  layer; 
their  axons  pas.s  into  the  medullar^'  layer.  From  the  standpoint 
of  the  neuron  doctrine  these  cells,  po  far  as  the  cerel>cllum  is  con- 
cerned, are  efferent.  They  form,  indeed,  the  sole  efferent  system 
of  the  cerebellar  cortex.  The  afferent  fibers  of  the  cerel>ellum  end 
in  both  the  gnmular  and  the  molecular  layers.  Those  that  termi- 
nate in  the  gramdar  layer  -designated  by  Cajal  as  moss  fibers, 
have  at  their  terminations  and  points  of  branching  curious  climips 
of  small  processes;  they  probably  connect  M^ith  the  dendrites  of  the 
nerve  ceUs  in  this  layer.  Those  that  jxiss  deeper  into  the  molec- 
ular hyer  come  into  connection  with  the  dendrites  of  the  Purkinje 
cells,  around  whirli,  indet^d,  they  seem  to  twine,  so  that  Cajal  desig- 
nated them  as  clhnbing  fibers.  The  granular  layer  (B)  contains 
numerous  granules  (j;)  or  small  nerve  celLs,  These  cells  are  spherical, 
and  have  a  relatively  large  nucleus  and  a  small  amount  of  cyto- 
plasm. Their  dendrites  are  few  and  short;  their  axons  run  into 
the  molecular  layer,  divide  in  T,  and  the  two  branches  then  run 
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parallel  to  the  surfaee  and  doubtless  make  connections  with  the  den- 
drites of  the  I'urkinje  cells  ai>  well  a.s  with  the  cells  of  the  molecular 
layer.  A  few  larger  ner\e  cells  of  Golgi's  second  type  (/)  are  found 
mlso  in  the  granular  layer,  In  the  molecular  layer  are  found  two 
types  of  colls:  the  larger  basket  cells  {b)  whose  axons  temunate  in  a 
group  of  small  branches  that  inclose  the  body  of  the  Purkinje  cells^ 
and  a  number  of  smaller  cells  (c),  situated  more  superficially, 
whose  axons  pass  longitudinally  in  the  molecular  layer  and  termi- 
nate in  ariwrizatioiLs  or  baskets  that  doubtless  make  connections 
with  the  dendrites  of  the  Purkiuje  celLs. 
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Fig.  97. — Hivtolucy  of  ibe  eerebeUuin.— (Froiu  O^m^'nvr.) 


A  consideration  of  this  peculiar  and  intricate  structure  enables 
us  to  comprehend  that  the  cerebellar  cortex  presents  a  reflex  arc 
of  a  very  considerable  degree  of  complexity.  The  incoming  im- 
pulses through  the  moss  and  climbing  fil>ers  may  pass  at  once  to  the 
Purkinje  cells  and  lead  to  efferent  discharges,  or  they  may  end  in 
the  cells  of  the  granular  or  molecular  layer  and  thus  \>e  distributed 
to  the  Purkinj<»  cells  in  a  more  indirect  way.  In  addition  to  the 
cortex  the  c<»r(»l>ellum  contains  several  masses  of  gray  matter  in 
its  interior:  the  large  dentate  nucleus  in  the  center  of  each  hemi- 
ephea*  and  the  group  of  nuclei  lying  in  or  near  the  middle  of  the 
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mcdullaiy  sul^stance  of  the  vermiform  lobe  (nucleus  fostigu,  n. 
glolxxsi,  find  the  n.  emlx)lifonniR).  The  axons  of  the  Purkinje 
cells  of  the  cortex  terminate  in  these  subcortical  nuclei,  and  the 
efferent  path  from  the  cerebellum  is  then  continued  by  new  neuron*. 
Thus,  the  fil:>ei's  of  the  superior  peduncles  of  the  cerel:)ellum  arL><e 
chiefly  from  the  dentate  nuclei,  and  only  indirectly  from  the  cor- 
tex. The  anatomical  connectionn,  afferent  and  efferent,  lietween 
the  cerebellum  and  other  |>arts  of  the  nervous  system  are  ver\'  com- 
plex and  not  yet  entirely  known.  Without  attempting  to  recall 
all  of  these  connections,  which  will  be  found  dcscril)ed  in  works  upon 
anatomy  or  neurologj',  emphasis  may  be  laid  upon  those  which  are 
at  present  helpful  in  discussing  the  physiology  of  the  organ. 

1.  Connections  with  the  Afferent  Pnth.'t  of  the  Cord. — Through 
the  infetior  peduncles  the  cerebellum  receives  afferent  fil>ers  from  the 
spinal  cord  and  the  medulla.  The  tract  of  Flecht^ig  undoubtedly 
terminate.s  in  the  cerebellum,  and  according  to  some  olisen'ers  the 
fibers  of  the  posterior  columns  after  entling  in  the  n.  gracilis  and 
n.  cunoatus  are  continued  in  part  to  the  rerelMillum  by  ner\'e  filx»rs 
passing  hy  way  of  the  inferior  peduncles.  Ascending  fibers  arising 
in  the  reticular  formation  of  the  medulla,  and  the  olivar>'  nucleus 
also  take  this  path  to  the  cerebellum,  and.  on  the  other  hand,  prob- 
ably make  connections  with  the  sensory  tracti^  of  the  cord  or  the 
sensoiy  nu<'lei  of  the  medulla.  Another  afferent  tract  of  the  cord, 
that  of  Gowers,  enters  the  rerebellnm  by  way  of  the  superior 
peduncles.  The  nature  of  the  seasor>*  impulses  conveyed  in  this 
way  to  the  cerebellum  is  not  entirely  understood,  but  it  seen:is 
certain  that  some  of  them,  at  least,  are  what  we  designate  as  Lm- 
pidses  of  the  muscle  sense,  am!  this  fact,  as  we  shall  see,  throws 
some  light  on  the  specific  functional  importance  of  the  cerel^ellum. 

2.  Connections  unth  the  Vcstibuiar  Branch  of  the  Eighth  Cranial 
Nerve. — ^This  branch,  arising  in  the  semicircular  canals  and  utriculus 
and  sacculus.  ends  in  the  poas  in  several  nuclei  (Deiters*.  Bech- 
terew's)  and  also  in  the  n.  fastigii  of  the  cerelielhim.  These  nuclei 
in  turn  are  connected  with  other  parts  of  the  central  nervous  system, 
but  the  details  are  not  yet  completely  known.  The  connections 
that  liave  been  most  clearly  establishe<:l  are  those  made  with  the 
motor  centers.  From  Deitei's'  nu c leus  t  he  vest  il >u lospina  1  t ract 
arises  and  passes  to  the  cord  to  connect  with  the  motrjr  centers  of 
the  spinal  nerves,  while  Bechterew's  nucleus  is  said  to  give  origin 
to  a  bimdle  which  runs  with  the  posterior  longitudinal  fasciculus 
and  may  make  connectiotis  with  the  motor  nuclei  of  the  cranial 
nerves.  In  how  far  the  vestil>ular  nuclei  may  make  afferent  con- 
nections with  the  cerebellum  is  undecided,  but  it  seems  probable 
that  such  tracts  exist,  in  view  of  the  fact  that  destruction  of  the 
semicircular  canals  and  severe  lesions  of  the  cerebellum  cause 
motor  disturbances  that  are  strikingly  similar. 
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FIk>  M. — DiKffr»m  to  indicalc*  a  pomible  ilmcendJnir  path  from  rf  rvbruta  to  cord  in  md- 
^tioH  to  ihfl  pvrBmid&l  i«yi>lrm,  the  MKximlAO*  "r  r«ret*Flljir  motnr  iwlh  (Viu)  Civhurhlrfi}. 
TTm  pttth  U  inairect  and  trampnseo  the  foltowmK  unita  :  I.  Tlir  oortict>-pnnto-crrrbell«r 
Ijatli.  rFCircMnl«da«  arising  in  the  motor  art>a  of  thv  c«*r«bnim  and  [xufinji  down  with  the 
pynumual  ryutmta  to  end  in  thv  poni«,  tlirnrr  mritiinipd  thrituuh  thr  inidiUr  |K>ilunrlnt  to  lli« 
*|*f<lwH«r  rortfnr  r4  nripawitr  rririr  2.  Thr  jwitti  from  thr  rrrrbrllAr  cNirtrx  Ui  the  dentate 
ngelnu.  3.  TIib  p*ln  from  Ihe  dmtatc  nucleus  to  the  red  nucleu*  paMint  by  wa^-  of  the 
iperiur  ftednaelaa.  4.  The  path  from  the  red  ducIcur  to  thn  nujtor  cell*  of  the  ftpinai  cord 
1nibfT»-«pliial  tmot). 

cApsule  and  cms  cerebri,  and  end  in  the  jeray  matter  of  the  pons. 
Thence  new  axons  continue  the  path  across  tl»e  mid-line  and  to 
the  cerelwllar  cortex  by  way  of  the  middle  pe<luncle.  The  tract 
would  seem  to  convey  efferent  impulses  from  the  cerebral  cortex 
(motor  region)  of  one  side  to  the  cerebellar  cortex  of  the  opposite 
side.     A  second  possible  connection  with  the  cerebrum  is  made 
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by  way  of  the  thalamus.  Fibers  ari^inp  in  the  dentate  nucleus 
emerge  by  way  of  the  superior  peduncles  and  connect  with  the 
red  nucleus  in  the  subthalamic  region  and  perhaps  also  with  the 
thalamus.  The  latter  (iUrrs  may  l>e  cuiitinued  fonrard  to  the 
cortex  of  the  cerebnjm  anri  thus  constitute  an  afferent  patli  frmn 
cerel)ellum  to  cercbmm.  Those  fibers,  on  the  contrary,  which  end 
in  the  red  nucleus  are  broushl  into  reflex  connection  with  the 
motor  bimdle  (nibrospinal  trad),  extending  from  the  rerl  nnrleiis 
to  the  mott»r  centers  in  the  spinal  coixl.  Making  use  of  the  coaoec- 
tionfi  descriljed  above,  \*an  Gehuchten  pictures  an  indirect  motor 
path  from  the  cortex  of  the  wrebrum  to  the  motor  nerves  br  way 
of  the  cercl»eliMm  (see  Fi^.  OSi.  The  motor  impulses  descend  by 
way  of  the  coriico-ponto-i^erel;»ollar  path  to  the  cereliellar  cortex. 
thence  to  the  rlentaie  nucleus,  thence  to  the  red  nucleus,  and  then, 
by  way  of  the  rubrospinal  tract,  to  the  motor  nuclei  of  the  spinal 
nerves. 

Theories  Concerning  the  Functions  of  the  Cerebellum. — 
Modem  views  ctmceming  the  functions  of  the  cerebellum  may  be 
classified  under  throe  general  heads:  First,  those  that  consider  it 
a  general  coordinating  center  or  organ  for  the  muscular  movementa 
and  esi^ecially  for  those  concemetl  in  equilibrium  and  locomotion* 
Thu*  view,  first  proposeti  essentially  by  Flourens  (1S24),  has  been 
adopted  by  many,  perlmps  by  most,  writers  since  his  time.  The 
manner  in  which  the  (»rgan  serves  to  co-ordinate  these  mo^'ementa 
has  been  explained  in  various  ways.  According  to  the  older  ob- 
ser\*ers,  it  was  supposed  so  to  arrange  or  group  the  various  motor 
impulses  that  they  reached  the  lower  motor  centers  in  the  cord 
in  the  necessary  combination  for  coordinated  contractions.  Ac- 
cording to  more  recent  obser\'ers,  this  svnergctic  action  is  exer- 
cised not  directly  on  the  motor  side  of  the  reflex  but  on  the  sensor>- 
side.  The  numerous  sensory  patlis  connected  with  the  organ, 
especially  those  of  the  muscular  sense,  and  those  from  the  %-estibular 
nerve,  suggest  the  view  that  in  the  complex  cortex  of  the  cerebel- 
lum these  afferent  impulses  act  upon  nervous  combinatiotis  whose 
disclmrges  in  turn  arc  conveyed  to  the  motor  centers  in  a  definite 
and  orderly  sequence.  Either  ixmit  of  view  assumes  that  there 
are  in  the  cerebellum  certain  distinct  mechanisms — that  Is,  combi- 
nations of  neurons  timt  are  essentially  reflex  centers,  and  that  in 
all  of  our  more  complex  Ixxlily  movements  these  mechanisms 
inter\'ene.  The  second  general  set  of  theories  regarding  the  cere- 
l)ellum  assumes  that  this  organ  is  essentially  the  center  or  a  center 
for  the  muscle  sense.  This  view  is  connected  usually  with  the  name 
of  Lussana,*  but  has  l)een  supporteil  since  in  one  sense  or  another 

•  Lufflana.     Sc€  *' Journal  dc  la  physiol.  de  rhorame,"  S.  418, 1862. 
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by  many  obsen'crs.*  It  is,  in  fact,  not  essentialiy  different  per- 
haps from  the  second  pha**  of  the  first  group  of  theories.  Those 
who  have  expressed  their  idea  of  the  physiolog>'  of  the  cerel)ellum 
by  saying  tliat  it  is  a  center  of  the  muscle  sense  have,  in  recent 
times  at  least,  recognized  that  this  sense  has  a  cortical  center  also  in 
the  cerebnim.  The  view  can  not  assume,  therefore,  a  consciouB 
inujBcle  senae  mediated  by  the  cerebellimi,  but  only  that  the  muscle 
fibers  have  a  cortical  termination  therein  and  that  the  cerebel- 
lar iictivity  thas  arousctl  is  in  some  way  necessary  to  the  orderly 
adjustment  of  complex  voluntari*  movements.  According  to  an- 
other ix)int  of  view,  the  cerebelhmi  is  a  great  augmenting  organ  for 
the  neurfjmuscular  system.  It  is  added  on,  as  it  were,  to  the  cere- 
Imwpinal  motor  system  and  senes  not  to  co-ordinate  the  motor 
discharges,  but  to  increase  their  strength  or  effectiveness.  This 
general  view,  first  jjroposed  by  Weir  Mitchell  (1S69),  has  been  sup- 
ported by  Luys,  and  esjK'cially,  although  with  important  modifica- 
tions, by  Luciimi.t  Some  of  the  details  of  the  work  of  the  latter 
obscner  are  gi^*en  below. 

ExperimentalWorkUpon  the  Cerebellum,— Rolando, and  par- 
ticularly Flouruiis,  gave  the  din^ction  to  modern  experimentation 
in  this  subject.  The  latter  obser\er  made  numerous  observations, 
especially  on  j»igeons,  in  regard  to  the  effect  of  removing  all  or  a 
part  of  the  cerebellum.  He  descrilx's  in  detail  tlie  striking  results 
of  such  an  operation.  When  all  or  a  large  part  of  the  organ  in  re- 
moved the  animal  shows  a  most  distressing  inability  to  stand  or 
mox'e.  There  seems  to  l>e  no  muscular  paralysis,  but,  at  first, 
a  total  lack  of  power  to  co-ordinate  properly  the  contractions  of  the 
Tarious  muscles  iin^olved  in  maintaining  ei]uilibrium.  The  animal 
takes  a  most  abnormal  position,  with  the  head  retracted  and 
twisted,  and  any  attempt  to  move  is  followed  by  violent  disorrierly 
contractions  that  may  result  in  a  series  of  involuntary  somersaults. 
The  animal  is  totally  unable  to  fly.  When  the  injtir>'  to  the  cere- 
bellum Ls  less  tlie  effect  upon  the  movements  is  either  too  slight 
to  be  noticed  or  is  shown  in  a  greater  or  less  uncertaint}''  in  its 
znovements.  When  it  attempts  to  walk,  for  instance,  it  exhibits 
a  ata^^gering,  drunken  gait,  a  condition  designated  as  cerebelfer 
ataxia.  Similar  oj>erations  on  mammals  give  in  general  the  same 
reeults.  If  the  operation  is  unilateral, — that  is,  affects  only  one 
hemisphere, — the  animal  (dog)  exhibits  forced  movements,  such 
aa  a  tendency  to  roll  around  the  long  axis  of  his  l>ody  toward  the 
injured  side  and  subsequently  movements  in  a  circle  toward  the  same 

•8«?*  Lewandowky.  "Archiv  f.  rhy^iolopo.*'  IWW.  129. 

f  For  the  literntiire  <y(  the  cerebellum  see  Luciajii,  "11  crrxellcto,**  Florence, 
1891;  Germmn  (miiHlation,  "Das  Kleiiihini,"  1803.  AIm>  Luciani,  article, 
**i:)MKIemhim"  in  "£rgebni«s«  der  Physiologie/'vol.  iiit  part  ii.  p.  259, 1U04. 
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side.  In  man  there  are  several  cases  on  record  in  which  the  organ 
was  shown  by  autopsy  to  \>c  largely  or  completely  atropliied  and 
numerous  cases  of  tumors  affecting  the  cerebellum.  In  the  latter 
group  of  cases  there  may  be  certain  marked  subjective  symptoms, 
such  as  headache,  and  especially  vertigo,  and  also  a  certain  degree 
of  ataxia  or  awkwardness  and  uncertainty  of  movement.  So  also 
in  the  cases  of  atrophy,  in  which  probably  the  condition  developed 
slowly  through  a  number  of  years,  a  degree  of  ataxia  was  exhibited, 
especially  when  the  movements  were  rapid  and  forced.  In  the 
ataxic  condition  resulting  from  tabetic  lesions  of  the  posterior  col- 
umns the  effect  upon  the  movements  is  increased  by  covering  up 
the  eyes  (Romberg's  symptom),  the  individual  being  then  deprived 
of  his  visual  stimuli  as  well  as  those  coming  by  way  of  the  muscular 
and  cutaneous  nerves.  In  cerebellar  ataxia,  however,  the  effect 
is  not  increased  by  closure  of  the  eyes,  a  result  which  is  probably 
explained  l^y  the  fact  that  the  individual  still  possesses  his  paths 
of  muscular  and  cutaneous  sensibility  to  the  cerebrum,  and  these 
senses  may  be  used  in  the  reflex  adjustments  of  volimtaiy  move- 
ments. 

Interpretation  of  the  Experimental  and  Clinical  Results. — 
Flourens  was  led  by  the  striking  results  of  his  operations  on  pigcona 
to  suggest  the  view  that  the  cerel>ellum  is  an  organ  for  the  co- 
ordination of  the  movements  of  equilibrium  and  locomotion. 
Objections  were  raised  to  this  view.  Some  obser\'er3  (Dalton, 
Weir  Mitchell)  found  that  if  the  pigeons  from  which  the  cereljellum 
had  been  removed  were  kept  lonp  enough  the  effects  first  observed 
gradually  flisappeared,  so  that  finally  the  animals  were  able  to 
move  or  fly  with  no  marked  difference  from  the  normal  animal 
except  that  fatigue  was  shown  much  more  quickly.  Hence  the 
view  advocated  by  Mitchell  that  the  essential  function  of  the 
cerebellum  is  that  of  an  augmenting  apparatus  for  the  voIuntar>' 
movements.  With  regard  to  this  view  it  may  be  remarked  in 
passing  that  pigeons  with  the  cerebral  hemispheres  removed  exhibit 
apparently  as  a  permanent  symptom  the  same  tendency  to  rapid 
fatigue  after  sustainc<l  muscular  effort.  By  the  same  logical  process 
therefore  one  might  conclude  that  one  function  of  the  cerebrum 
is  that  of  an  augmenting  organ  to  the  motor  discharges  from  the 
cerebellum  or  midbrain.  So  also  the  cases  of  complete  or  nearly 
complete  atrophy  of  the  cerebellum  in  human  beings  in  which  no 
evil  result  followed  other  than  a  slight  degree  of  cerebellar  ataxia 
have  Ijcen  uscfl  as  an  argument  against  the  \iew  that  this  organ 
is  necessary-  to  the  co-ordination  of  the  complex  voluntary'  move- 
ments. The  view  that  the  cerebellum  has  essentially  a  direct 
co-ordinating  function  has  been  criticized  most  seriously  by  Lu<'iani. 
This  observer  made  a  series  of  long-continued  and  most  careful 
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obtervations  upon  dogs  and  monkeys  in  which  the  entire  cere- 
bellum or  rertnin  definite  parts  had  been  removed.  He  lays  stress 
upon  the  fact  that  the  violent  distil rl)ance  of  movement  is  tom- 
ponry  and  is  slowly  recovered  from  in  time.  He  was  letl,  therefore, 
to  view  these  disturbances  as  due  primarily  not  to  the  loss  of  the  nor- 
mal functional  activity  of  the  organ,  but  to  irritations  resulting  from 
the  operation.  AMien  this  stage  of  irritation  is  passed  the  real 
defeats  which  indicate  the  tnie  function  of  the  cerpl)eUuni  l>ecome 
apparent.  These  defects  exhibit  themselNes  as  a  loss  of  power 
in  the  neuronmscular  apparatus  of  tlie  complex  voluntary  move- 
mentfi,  and  he  analyzes  these  results  under  three  heads:  First, 
bIohs  of  force  in  the  muscular  contractions, — a  condition  of  asthenia; 
Bpcond,  a  loss  of  tone  in  the  muacles  of  the  limbs  and  trunk.  jMir- 
ticularly  in  the  hind  limlis, — a  condition  of  atonia;  and,  third,  a 
loss  of  steudini-ss  in  the  muscular  contractions, — a  condition  of 
astasia.  Ilie  astasia  manifests  itself  in  a  trc»mor  of  the  muscles 
when  voluntarily  n)ntraclcd,  especiully  in  movements  requiring 
much  exertion,  huciani  supposes  that  this  tremor  is  due  to  an 
ttltcnition — that  is,  a  slo\\ing — of  the  rhythm  of  discharges  of  the 
impulses  from  the  motor  centers.  The  functions  of  the  cerebellum 
on  his  theorv*  are  expressed,  therefore,  by  saying  that  it  is  an  aug- 
menting organ  for  the  activity  of  the  neuromuscular  apparat\is;  and 
tliat.  so  far  as  this  augmenting  or  strengthening  activity  can  be  ana- 
lysed, it  consists  in  an  increase  in  the  energy  of  the  motor  discharges 
(sthenic  action),  an  increase  in  the  txrnsion  or  tone  of  the  motor 
renters  and  their  connected  muscles  (tonic  action),  and  an  increase 
in  the  rh>'thm  of  the  motor  impulses  (static  action)  so  that  nor- 
mally the  muscular  contractions  are  of  the  nature  of  complete 
tetani.  Luciani  believes  that  this  action  of  the  cerebellum  is 
continuous,  although  van.'ing  in  intensity,  and  that  it  affects  all 
of  the  musculature  of  the  body,  and  not  simply  the  muscles  con- 
cerned in  body  equilibrium.  This  constant  motor  activity  is  in 
turn  dependent  upon  a  constant  inflow  of  sensorj-  impulses  into 
the  cerebelhmi  along  its  afferent  connections,  particularly  upon  the 
impulses  from  the  vestibular  |)ortion  of  the  internal  ear,  and  those 
from  the  miiscle  sense  fl^x'r8  and  perhaps  also  from  the  fibers  of 
the  cutaneous  senses.  The  constant  augmenting  activity  of  the 
cerebellum  is  therefore  a  spc'cies  of  reflex  effect, — a  reflex  tonus 
which  affects  all  the  musculature.  Wliether  the  cerelx'Ilar  mechan- 
lam  is  especially  arranged  to  co-ordinate  its  effect  upon  the  neuro- 
muarular  apparatus, — that  is,  in  some  way  to  adapt  the  move- 
ments to  a  definite  end — Luciani  leaves  an  open  question.  He 
M  dofift  not  believe  that  a  lack  of  co-ordination  (cerebellar  ataxia) 
B  is  necessarily  present  in  cereMlar  lesions;  but  admits  that,  if  this 
H  symptom  is  an  invariable  one,  it  would  be  nccesaar\'  to  add  to 
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ffcff  fioerml  Aii^ncnting;  activity  of  the  cei^beUum  also  a  general 
idsfrtirt  or  eo-ordiiiiiling  acti\ity.  It  Is  precisely  thi^  latter  feature 
wbkfa  niaodii  out  in  the  minds  of  most  physiologists  as  the 
chftnirt«rMtic  function  of  the  cerebellum,  wiiile  Luciani  con^ders 
ChAt  it  u  not  drmonst rated  by  clinical  or  experimental  fact-y,  and 
»  1)  if  (liMiiotiMtratod  it  would  have  to  be  considered  as  a 

I    '       j '  rJiapH  n  Hubordinate  part— of  the  functional  influence  of 

Conclusions  as  to  the  General  Functions  of  the  Cerebel- 
lum. Il  i«  "vidfiut  that  an  autiioritative  statement  of  the  function 
ttr  iuuvlhiuH  <jf  the  cerebellum  is  impossible.  It  seems  quite  clear, 
IwjH't'Vi'r,  tliut  llui  organ  exertji  a  regulating  influence  of  some  kind 
U\inn  thu  noun)muHcular  apparatus  of  our  so-called  voluntary* 
rnoviiriiiMilN.  Th(!  pn^ise  nature  of  the  regulating  influence  is  in 
ilUpiilr,  and  ouo  who  reiuls  the  literature  finds  it  difllcult  at  times 
to  iM*parut<'  clearly  tlin  iliiTerent  theories  proiX)setl,  since  some 
Autlifirff  ari«  content  with  general  statements  and  others  attemjit 
K  inom  niMK'ifir  analvRis.  On  the  whole,  it  seems  desirable  at 
prcw^nt  to  ))(ild  to  the  general  idea,  intmduced  by  Flouren^,  that 
tho  nnlu'lhini  \h  a  cnUral  organ  for  c<voniination  of  voluntary' 
niovnrimntji,  particidarly  the  more  complex  movements  neccssar>' 
III  tM|\iilil)riinii  and  locomotion.  Instead,  however,  of  assuming 
with  I'lonrciiN  that  the  cen^bellum  contains  a  co-ordinating  principle, 
an  rxpi*c»Hsi(m  that  menus  nothing  at  present,  we  may  assume  that 
It  rxcrU  its  co-t)rdiualiug  influence  by  virtue  of  the  definite  ner^'ous 
mcchaiUNms  containeil  in  it — that  is,  by  nervous  complexes  whicb, 
on  the  afTcn'Ut  side,  are  connected  with  the  peripheral  seixsorj' 
nerves  to  the  vestibule  of  the  car,  the  muscles,  and  the  skin,  and  on 
the  cflTcn'nt  side  are  In  dir^'ct  or  indirect  relations  with  the  motor 
urctis  of  the  brain  as  well  as  the  motor  centers  in  the  cord.  These 
mechaniftma  are  inherited  structures,  but,  like  other  nervous  mechan- 
isma,  tlicy  arc  dcvclopetl  by  use.  The  many  muscidar  contractions 
made  in  our  ordinary  movements  of  e(|uiUbrium  are  learned  by  ex- 
|M'ricMcr,  aiiil  the  effects  of  this  tmining  are  felt  mainly  upon  these 
ecn^xdlar  [withs  or  me<'hanisnis.  We  regard  the  spee<'h  center  in  the 
corcbnim  as  a  collection  of  nerx'ous  mechanisms  in  which  are  stored 
or  pr(>s<?r\'ed  the  connections  necessary-  to  the  motor  presentation 
of  thoughts,  a  memor>'  center  for  the  spoken  s>Tnbols  of  our  con- 
cepts; it  is  juKssilile  that  in  the  same  way  we  may  regard  the  cere- 
bellum AS  a  memor>'  center  of  the  muscular  movements  concerned 
in  ecjuiUbrium.  The  relations  of  the  cerebellum  with  the  motor 
An^as  of  the  cerebrum  and  the  motor  center  in  the  cord  are  evidently 
quit^  complex  and  far  from  l>eing  fully  understood.  Moreover,  this 
h'latiortship  must  vart'  coni>idcrably  in  different  animals.  Removal 
tho  cerebrum  from  a  pigeon  leaves  an  animal  with  almost  perfect 
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power  of  controlling  il.s  Miuilibrivini.  In  the  dog  a  similar  operation 
is  folioweti  liy  a  lonj^^r  jxriod  of  inability  to  conlro!  perfectly  the 
movomenis  of  locomotion,  and  it  is  probable  that  in  man  after  such 
an  operat  ion  t  he  power  of  locomotion  would  be  acquired  more  slowly, 
if  at  all.  On  the  other  hand,  the  Wolent  effect  upon  such  move- 
nKftits  caused  by  the  removal  of  the  cerebellum  in  the  pigeon  Ls  less 
e\-ident  in  the  dog,  and,  if  we  may  judge  from  the  incomplete  data 
of  clinical  ncurolog>',  verv  much  less  evitlcnt  in  man.  In  man  the 
motor  control  of  the  voluntary  muMCular  system  tlirough  the  cere- 
brum is  more  highly  developed  than  in  the  lower  animals. 

The  mo8t  important  objection  to  the  view  that  the  cerebellum 
Li  an  organ  of  cf >-ordinal ion  for  the  movements  of  equilibrium 
and  locomotion  Ls  tiiat  in  the  bird  aa  well  as  in  man  the  animal 
eventually  learns  to  carry  out  these  movements  after  loss  of  the 
cercbelliun.  This  fact  is  clear  proof  that  the  cerebellum  is  not 
the  only  mechanism  through  which  such  co-ordination  is  jx)ssible; 
but  it  Is  no  valid  objection  to  the  view  that  nornmlly  this  control 
is  efFecte<i  through  this  organ.  The  scasor>-  tracts  on  wliich  this 
eo-onlination  depends  make  connection  with  the  thalamus  or  cere- 
bnun  as  well  as  the  cerebellun),  an<i  when  the  latter  arc  is  bn)ken 
the  higher  centers  may  Ikj  iise<^l  to  replace  its  functioas  in  part 
at  lea>t.  The  replacement  is  not  complete,  since  even  in  man  loss 
of  the  cerebellum  is  followeil  by  a  jR'rmanent  condition  of  slight 
ftUuda.  Lowandowsky's*  suggestion  that  normaUy  in  man  the 
finer,  more  conscious  movements  of  the  IxwJy  are  controlled  directly 
from  the  cerebrun»,  while  tlie  subconscious  or  dimly  conscious 
movements  of  loc<jmotion  and  e<[uilibrium  ore  regulated  through 
the  cerelK'llar  centers  seems  to  lx»  in  accord  with  the  facts  known. 

The  Psychical  Punctions  of  the  Cerebellum. — In  the  cerebel- 
Imn,  as  in  the  other  nerve  centers  below  the  cerebnmi,  we  have  to 
coaniderthe  j^H)s.sibihlyof  a  psychical  or  conscious  side  to  Mie  activity 
of  the  organ.  It  wems  clear,  however,  that  the  degrw^  of  cf>nscious- 
,  if  any,  exhibited  by  the  cerel)ellum  is  of  a  much  lower  order 
that  shown  by  the  cerebnim.  All  olisen-ers  agree  that  there 
ii  no  marked  Ickss  of  s<»n-sation.s.  hut  Lucinni,  Kiisscll.  and  others 
itate  their  belief  that  in  some  indefinable  way  the  mentality  of 
the  animal  Ls  affected  by  removal  of  the  cerel>ellum.  Whatever 
j^pD^ions  of  this  kind  are  present  we  can  define  only  by  the  un- 
^  ■neton'  term  of  subconscious  rather  than  unconscious.  As  far 
can  be  detennined,  this  effect  is  felt  mainly  upon  the  muscular 
and  the  sense  of  rlirection. 

Localization  of  Function  in  the  Cerebellum. — All  obacn'crs 
■f^Tpc  that  so  far  as  the  influence  of  the  cerel>ellum  on  the  muscula- 

•  l.«wiLndovskv.  "  Arrhiv  f.  Pli\*moloKie/'  1903.  129;  see  also  KohnBtammi 
"Archiv  f.  d.  gouuiuntc  Physiologie,'*  80,  240,  1902. 
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4f^^**"*  abo>ve.  But  those  who  have  operated  opoa  the  cere- 
bdam  hf  the  nethod  of  ablaxioo  a^ne  cwttteijr  m  the  aUietnent 
that  bf  this  method  at  least  no  evidence  is  obtained  of  a  loealixatjon 
of  fmartiOB  in  the  eerebeOar  hemiaphewa.  These  is  no  leaeon  to 
befieve  that  extirpation  of  definite  areas  in  the  hcmispherea  affecu 
definrtc  gronpB  d  fiaMrtea  either  on  the  aenaoiy  or  the  mntor 
Wa  are  foned  to  wmrhMle,  thtivlurv,  that  aicanntaMi 
and  that  reganfing  the  cetebeftun  we  nmt  befieve;  as  waa  fouujeilr 


befieved  v^aiding  the  terebnuu»  that  each  half  is  emenrwfaere  fane- 
tiooallr  equivalent.  The  effieet  of  ablatiaos  is  dependent  not  upon 
the  part  removed,  bat  nUher  upon  the  qiBatily.  Iti»tobedwiUBJ» 
pethapa,  whether  this  view  vril  stand  the  test  of  motn  mmpJKff 
invB^BBtiaas,  for  sooae  date  exist  that  iiimiil  the  poaafaiGtjr  of 
a  iortlhatinn.  It  is  obeerwed,  ior  inatanee.  that  the  cSeets  of 
alihtion  upon  the  movquents  of  the  ammal  an  oote  mniked  the 
cioser  the  ai joiy  is  to  the  amd-line,* — that  is,  the  more  the  venni- 
fann  kbe  is  iBrolved.  The  poasMily  of  a  noie  or  Ibbb  definite 
Inmlriarinn  is  aqgpsted  also  hr  the  efiecta  of  wtimnlBtinn  of  the 

eortcc    FeiiKi'  especMly  faaa  dBBenied  dEftsirte  move" 
of  the  eyes,  head»  or  fimfas  fbOiMrieg  thttiiial  csciutian  of 

_ians  of  the  cortex;  bat  thai  asdieation  has  not  been 
developed  br  bter  ejLpciHUfnteiw  with  wiffifiPHt  aaeeeaa  to  lead 
to  positive  cooduaioos. 

The  Medulla  OUooffitn.— In  the  me 
moo^^um  a  region  of  apecia]  pfaysiofegieal  anpartHMe  m  that  It 
m  the  seat  of  oertain  eenteca  whiefa  eontral  the  aetinitj  of  the 
chvnlatonr  and  mtpiiatorT  oc^mr.  If  the  ■■**^* 
from  the  portioo  of  the  btata  Iring  anterior  to  it  the 
tinnea  to  live  for  a  eonsidecahfe  period.  The 
nentaare  peiformcd  rfaythBteaDy,  and  the 
tiiesr  tone  so  as  to  maintain  an  appraximatciy 
On  the  contxaiy,  destroction  of  the  mrdaWa.  or  aevecaaoe  of  ita 
eoaneetiona  whh  the  auJeilyhig  partSy  isfoMowed  by  a 
of  respnation  and  a  km  of  tone  in  the  aiterieBv  either  of 
RBolta  in  the  rapid  death  of  the  ofiganism  as  a  whole.  The  port 
of  the  wwfaHa  which  cxeiri^  these  hnportant 
aated,  respectivelT.  as  the  respiiatoty  and  the 
coMtrictor  centers.    Their  loestioB  and  to 
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nection^  hiive  been  determined  by  physiological  exjienments,  but 
■o  far  it  has  not  l>een  possible  to  mark  out  histologically  the  exact 
groujis of  eellii  concerneil.  rheix)sitic)n  and  physiological  pro|3erties 
of  the**!  cenleis  are  descril^ed  in  the  sections  on  respiration  and 
cirrulation.  These  centers  are  of  especial  importance  l>ecaiise  of 
their  wide  connections  with  the  body,  their  essentially  independent 
activity  in  reference  to  the  higlier  parts  of  the  brain,  and  the  abso- 
lutely net^essar>-  character  of  the  n*guIations  they  effect.  In  the 
tlevelopnient  of  the  brain  the  functions  originally  mediated  by  the 
lower  f>art,s  have  lK»en  transferred  more  ami  more  to  the  higher 
part.M,  csiK-cially  in  regard  to  conscious  sensation  and  motion,  and 
the  so-called  higher  psychical  activities.  Hut  the  unconscious  and 
involuntar}'  regulation  of  the  organs  of  circulation  and  respiration 
&nd  to  a  certain  extent  of  the  other  vbicenU  organs  has  lx*en  cen- 
tralized, aa  it  were,  in  the  medulla.  In  addition  to  the  control 
of  the  respiration  and  circulation  other  important  rt^flex  activities 
are  effected  through  the  medulla  by  means  of  the  vagus  nerve, 
wliich  has  its  nucleus  nf  origin  in  thi-^  part  of  the  brain.  Such,  for 
instance,  are  the  reflex  control  of  the  heart  through  the  cardio- 
iiiliibitor>-  center  and  of  the  motions  and  secretions  of  the  alimentary 
canal. 

The  Nuclei  of  Origin  and  the  Functions  of  the  Cranial 
Nerves. — The  origin,  coui'se,  anulomical  and  physittlogical  relatioas 
of  the  first  or  olfactorj',  second  or  optic,  and  eighth  or  auditory 
jwrm  have  been  referred  to  in  the  preceding  pages.  For  the 
fllBtof  completeness  the  origin  and  functions  of  the  other  cranial 
nen'cs  may  be  simunarized  briefly  in  this  connection. 

r/*<-  Third  Cranuil  Nervt:  (A'.  Oculomotorius). — This  nerve  arises 
from  the  base  of  the  brain  on  the  me<lian  side  of  the  corresponding 
cru»i  cerebri.  It  Ls  a  motor  ner\'e  supplying  fibers  to  four  of  the 
extrinsic  muscles  of  the  eyeballs, — namely,  the  internal  rectus,  the 
superior  rectus,  the  inferior  rectus,  and  the  inferior  obli(|Uc — and 
to  tlie  levator  palpebne.  It  innenates  also  two  im]>ortant  intriiisic 
muscles  of  the  eyeball,  the  ciliar>'  muscle  used  in  accommodating 
the  eye  in  near  vision,  and  the  sphincter  of  the  iris  which  controls 
in  part  the  size  of  the  pupil.  These  two  latter  nui.**cles  belong  to 
the  type  of  plain  nniscle,  and  the  filers  of  the  third  nen'c  which 
inner%ate  them  lenuinate  in  the  ciliarj'  ganglion,  whence  the  path 
is  continued  by  sjTnpathetic  nerve fil)ers  (postganglionic fil>ers)  to  the 
muscles.  In  the  interior  of  the  brain  the  fibers  of  the  third  nerve 
arise  from  a  coaspicuous  nucleus  or  collection  of  nuclei  ^ituatcd  in 
the  rrntral  gray  matter  of  the  midbrain  at  the  level  of  the  superior 
coltieulus.  The  fil>ers  for  the  ciliar\'  muscle  and  sphincter  pupithe 
ariH*  more  anteriorly  than  those  for  the  extrinsic  muscles.  His- 
tologically three  i)artfl  at  least  may  be  distinguished,  as  shown  In 
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Fi^.  HXl,  — namely,  the  latenil  {or  |)rin<'ipjih  rnirleus.  which  gives 
origin  chieMy  to  the  fibers  innervatirif;  I  he  extrinsic  muscles;  the 
median  nucleus;  and  the  nucleus  of  P]dinger-Westphal.  Accordinp 
to  Hf*rnheimer*  the  large  median  nucleus  pives  rise  to  the  fil:>era 
thjit  innervate  the  ciliaiy  muscle.'*,  while  the  FJ<iinger-We.stphal 
nuclei  (accessoiy  nuclei)  control  the  niovement.s  of  the  sphincter 
muscle  of  the  iris.  Some  of  the  Abel's,  particularly  those  from 
the  lateral  nucleus  to  the  inferior  rectus,  the  internal  rectus,  and 
the  inferior  oi)li<iue,  cross  the  mid-line  and  emerge  in  the  nerve 
of  the  opposite  side. 


EdlDgvr-WeHtphBl  nucleus. 
Prmdp&l  nucleus 
MpiUuu  nucleus. 


A^' 


Nucleoa  of  •1th 


Fig.  100-— Nuclei  of  origiD  nf  the  Ihird  and  (ourth  nerveii.— (From  PoiHtranA  CAanv- 


-Thc  Fourth  Crnninl  Nerve  (N.  r>-r)cA/mm).— This  nerve  emerges 
from  the  brain  in  the  anterior  medullaiy  velum  (valve  of  VieuasensJ 
just  po;Hterior  to  the  inferior  colliculus.  It  curves  around  the  cms 
cerebri  to  reach  the  l>aHe  of  the  brain.  It  Is  a  motor  nerve,  and 
supjiUes  fil>ers  to  the  superior  oblique  muscle  of  the  eyelmll.  In 
the  interior  of  the  i)raiu  the  fiJwrs  arise  from  a  nucleus  in  the  central 
gray  matter  just  posterior  to  that  of  the  third  ner\'e  (Fig.  100). 
The  fil>ers  pass  dorsalwanl  toward  the  velum  and  make  a  com- 
plete decussation  l>efore  emerging. 

The  Filth  Cranitd  Serve  (.V.   Trigcpiinus).— This  nerve  arisea 
from  the  side  of  the  pons  by  two  roots,  a  small  motor  root,  portio 

♦  BemhciiiuT.  in  "Graefe-Saomisch's  Handbuch  derges.  Aiigenhoilkiindc." 
2ded.,  I..  41. 
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iFiff.  101).  In  the  intprinr  f>f  the  hnun  the  motor  portion.  poruJ 
minor,  jirises  partly  frotii  u  yimill  nurleiis  in  the  pons  untl  partly 
from  a  Inns  col'imn  of  cells  extemliu^  nlong  the  lower  margiu  of  the 
central  gray  tnatter  throughout  the  miiibrain.  Thus  rolumn  and 
the  fil>ers  arising  fmni  it  constitute  the  descending  motor  root  of  the 
fifth  nerve  (hoe  t'ig.  l(Hi).  The  sensorj'  fi^x^rs  originate  from  the  ner\'e 
cells  in  the  Gasseriau  ganglion  (g.  sioniilunare).  The  branch  that 
enters  the  brain  ends  partly  in  a  collection  of  cells  in  the  pons,  the 
so-called  seascjry  nucleus,  and  partly  in  a  column  of  celb>  extending 
posteriorly  throughout  the  length  of  the  medulla.  These  cella 
and  the  fibers  ending  in  them  constitute  the  descending  spinal  root 
of  the  fifth  ner\'e  (see  Fig.  !>9). 

The  Sixth  Crimtul  .V(T^•c(.V.  Abdueens). — This  nen'"e  arises  from 
the  base  of  the  brain  at  the  posterior  edge  of  the  pons.  It  is  a  motor 
ner\'Cj  and  supplios  fibers  *o  the  external  rtu^tas  rmiseie  of  the  eye- 
ball. In  the  interior  of  the  bniin  its  fillers  originate  in  a  .small  spheri- 
cal nucleus  lying  b<_'neath  the  floor  of  the  fourth  ventricle.  Con- 
nections have  l)cen  traced  Ijetwecn  this  nucleus  and  the  pyramidal 
tract  of  the  opposite  side  (Fig.  99). 

The  Stvetiih  Crtmial  Swerve  {M.  Fadalis). — ^This  nerve  appears 
on  the  base  of  the  brain  at  the  posterior  margin  of  the  pons,  lateral 
and  somewliat  posterior  to  the  emei^nce  of  the  sixth  ner\'e.  It  is 
mainly  a  motor  nerve,  but  carries  some  sensory  fibers  (fibers  of 
taste  and  general  seasibility)  received  through  the  n.  intermedius  of 
Wrisberg.  The  motor  fibers  of  the  nerve  supply  the  muscles  of  the 
face,  ixiit  of  the  scalp,  and  the  oar,  including  its  intrin.sic  muscles, 
and  in  addition  s^ecretor)*  fibers  are  supplied  to  the  submaxillary 
and  sublinguid  glands.  Within  the  brain  these  fibers  arise  from  A 
corLspicuims  nuelcus  in  the  tegmental  region  of  the  pons  lying 
ventral  to  the  nuolevis  of  the  .'ibcth,  l>enoath  (he  middle  of  the  fourth 
ventricle  (Fig.  IM)).  The  sensor>-  fibers  of  the  nerve  of  Wrisberg 
originate  in  the  nerve  cells  of  the  geniculate  ganglion. 

The  Sinth  Cranial  Nerve  (N.  Glos?oph(tnjngcHs)  arises  from  the 
side  of  the  medulla. — the  restiform  body.  It  is  a  mixed  ner\'e, 
supi>lying  motor  fibers  to  the  muscles  of  the  pharynx  and  the  base 
of  the  tongue  and  secretor>'  fibers  to  the  parotid  gland.  Within 
the  brain  these  fibers  arise  from  two  motor  nuclei  common  to  thb 
and  the  tenth  ner\'e, — namely,  a  dorsal  nucleus  below  the  flof)r  of 
the  fourth  ventricle  and  a  smaller  ventral  nucleus,  n.  ambigmis, 
ill  the  reticular  substance  of  the  tegmeiitimi  (Fig.  99).  The  sensory 
fibers  supply  in  part  the  mucous  membrane  of  the  tongue  and 
phar>'nx,  the  tympanic  cavity,  and  the  Eustachian  tul>e.  These 
fibers  arise  from  celL^  in  the  two  ganglia  on  the  trunk  of  the  nerve, 
the  ganglion  Huperius  and  g.  jM'tmsum.  The  branches  from  these 
cells  that  pass  into  the  medulla  teritunate  in  the  nucleus  of  the  ala 
eiuerea. 
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The  Tenth  Cranial  Nerve  {N.  Vat;us  or  Pmumogtustricius) . — Tliis 
nerve  arises  from  the  side  of  tbe  meilulla  post<?hor  to  the  origin  of 
the  glos9ophar>'ngeal  nerve.  It  is  also  a  mixed  nerve,  with  an 
extensive  distribution  to  the  reHpirator>'  and  digestive  organs  and 
tlic  hi'&rt.  Its  efferent  or  motor  fillers  arise  witliin  the  lirain  from 
the  ^me  niattfcs  of  cells  that  give  rise  to  the  motor  fibers  of  the 
gloo^^ophan'ngeal.  'Jlicse  fil>ers  supply  the  intrinsic  muscles  of  the 
lan-nx,  eM)phagus,  stomach,  small  intestine,  and  pait  of  the  large 
intestine.  Inhibitors-  fiU'rs  an;  carried  to  the  heart,  and  secretory 
fibers  to  the  gaj?tric  and  pancreatic  glands,  it^  sonsorj*  or  afferent 
filters  are  distributed  to  the  mucous  membrane  of  the  larynx, 
trachea,  and  lungs,  and  to  the  mucoiLs  membrane  of  the  esophagus, 
fttomachf  intestines,  ami  gall-bladder  and  ducts.  These  fibers 
arise  from  cells  in  the  ganglia  on  the  tnink  of  the  ner\e,  the  gan- 
glion jugidare  and  g.  nodosum.  The  branches  from  these  cells  that 
pom  inl«  the  meihdla  terminate  in  the  gray  matter  of  the  aln  cinerea. 

The  Khx'nUh  Cranuil  Ncrt'c  {N.  Acressorius). — This  ncr\'e  is 
usually  descrilKNi  as  arising  by  upjK^r  root-s  from  the  medulla,  and 
by  a  series  of  lower  n)ots  (n^m  the  sjnnal  eord  as  low  as  the  fifth 
to  the  seventh  cenncal  segment.  It  is  a  motor  nerA'e.  supplying 
fibers  to  the  8temoma«toid  and  trapezius  muscles.  The  medullary 
branches  arise  fnmi  the  jxjsterior  [Hjrtion  of  the  dorsal  motor 
nucUnis  which  gives  r»rigin  to  the  vagus,  while  the  spinal  branches 
originate  from  cells  in  the  anterior  horn  of  the  gray  matter  of  the 
(Fig.  99). 

The  Twcifih  Crainal  Nfnr  {S,  HypogloAsus). — This  nerve  arises 
from  the  me<lulla  in  the  furrow  between  the  anterior  pyramid  and 
the  olivar>'  Ixxly.  It  is  a  motor  ner\'e.  supplying  the  muscles  of 
the  tongue  and  the  extrinsic  muscles  of  the  lar>nix  antl  hyoid  l)one. 
Within  the  brain  these  filx*rs  originate  from  a  thstinct  nucleus 
hing  in  the  Hoor  of  the  fourth  ventricle  near  the  mid-line  (Fig.  99). 


CHAFFER  XII. 

THE   SYMPATHETIC   OR   AUTONOMIC   NERVOUS 
SYSTEM. 

The  chain  of  nerve  ganglia  extemling  on  each  side  of  the  spinal 
column  to  the  vovcyx  is  known  as  the  sym{)alhrtic  ner\'niis  system. 
This  uatne  \va,s  given  to  the  Htnictun*  niuler  the  niisjij)pn'hension 
that  it  f:onstituUi3  a  nerve  pathwav  through  which  ao-c^llfnl  sym- 
pathetic— or.  as  we  now  designate  them,  reflex  actions  of  distant 
organs  are  effected.  It  was  supposed  to  arise  from  the  brain  by 
brandies  connecte<l  with  the  fifth  and  sixth  cranial  ner\'es.*  We 
now  know  that  this  system  consists  of  a  series  of  ganglia  or  col- 
lection.s  of  nerve  celts  connected  with  each  other  anfl  connected  also 
with  the  spinal  nerves.  Strictly  s|)eaking,  the  term  sxTnpathetic 
system  is  applicable  only  to  the  chain  of  ganglia  which  begins  with 
the  superior  cervical  ganglion  at  the  base  of  the  skull  and  ends 
with  the  ganglion  coccygeum.  There  are,  however,  other  outlying 
nerve  ganglia  with  or  without  specific  names  which  from  a  physio- 
logical and  indeed  from  an  anatomical  standpoint  l>elong  to  the  same 
group.  In  the  abdomen  we  have  the  so-called  prevertebral  ganglia, 
the  semilunar  ganglion  from  which  arises  the  celiac  plexus,  the 
superior  mesenteric,  and  the  inferior  mesenteric  ganglion  gi\ing 
rise  to  the  hypogastric  nen'e.  These  ganglia  lie  ventral  to  the 
sympathetic  tnmk,  but  are  in  direct  connection  with  it.  In  the 
head  region  the  ciliary,  sphenopalatine,  and  otic  ganglia  are 
also  of  the  same  type.  More  peripherally  are  numerous  other 
ganglia  lying  in  or  around  the  various  visceral  organs,  such  as  the 
submaxillar\'  ganglion  near  the  duct  from  the  corresponding  gland, 
the  cardiac  ganglia  in  the  heart,  and  the  extensive  s}-8tem  of  ne^^■e 
cells  in  the  walls  of  the  alimentary  canal  known  as  the  plexuses 
of  Meissner  and  Auerbach.  With  the  exception,  perhaps,  of  this 
last  system,  whose  hist-ological  stnu-ture  and  connections  are  not 
satisfactorily  known,  all  of  these  ganglia  are  frequently  designated 
as  sympathetic,  and  fron)  a  physiological  as  well  as  an  anatomical 
standpoint  may  l^e  considereil  with  the  ganglia  of  the  sympathetic 
trunk  or  chain.  Langley,  who  has  contribuleii  greatly  to  our 
knowledge  of  the  finer  anatomy  and  the  physiology  of  this  system, 
has  recently  proposed  a  different  classification. f 

♦Charles  Bell,  "  Tlie  Nervous  System  of  the  Hunmii  Body,"  third  edi- 
tion, I>on<lon,  1S44,  p.  9. 

fSchafpr's  "Text-book  of  PliysioloRy/'   1900.  vol.  ii  ;  "  Ergpbniase  der 
Pliysiologie,"  1903,  voL  ii,  part  n,  p.  82,^  ;  also  "  Brain,"  1903,  voL  xxvi. 
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System. — According    to    Langley,   the 


I 


I 


Autonomic  Nervo 
efferent  filxTs  from  i\ 
hited  ganglia  supply  the  plain  m\iscle  tissues, 
Ihi*  canliar  muflcles,  and  the  glands,^that  is, 
the  organs  of  the  involuntan*  or,  according  to 
an  old  nomenclature,  the  vegetative  processes 
of  the  body.  He  proposes  for  this  entire  sys- 
tem of  efferent  fibers  the  term  autonomic,  to 
indicate  that  they  possees  a  certain  independ- 
ence of  the  central  neri'ous  system.  The  au- 
tonomic system  is  contrasted  physiologically 
and  anatomically  with  the  efferent  spinal  and 
cranial  fibers  that  supply  the  striated  nrvolun- 
tar>'  muscles:  physiologically  in  the  fact  that 
this  latter  group  of  fibers  is  entirely  dependent 
upon  activities  of  the  central  nen'oua  system, 
mnd  anatomically  in  the  fact  that  the  auto- 
nomic fibers,  although  iirising  ultimately  fn»m 
the  central  ner\*ous  sy-stem.  all  pass  to  their  pe- 
ripheral tissues  by  way  of  sympathetic  nen'c 
cells.  The  autonomic  path  consists  of  two 
neurons:  one  belonging  to  the  central  nen*ous 
s>-slem.  whose  axon  emerges  in  one  of  the  spinal 
or  cranial  nerves  and  ends  around  the  dendrites 
of  a  sympathetic  cell:  ai>d  one  occurring  in  some 
one  of  the  numerous  sympathetic  gantrlia.  whose 
axon  passes  to  the  periplieral  tissue.  The  first 
axon  \^  spoken  of  as  the  preganglionic  filler,  the 
second  as  the  postganglionic  fiber.  Their  con- 
nections are  represented  in  the  accompanying 
achcraa  (Fig.  im). 

I'hy&iological  and  anatonucal  investigations 
have  shown  that  autonomic  ner\'c  fibers  arise 
from  four  regions  in  the  central  nervous  system 
(Fig.  104):  Fintt.  fnmi  the  midbrain,  emei:ging 
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in  tlic  third  cranial  nen-e  and  passing  via  the  cilian'  ganglion; 
second,  from  the  bulbar  region,  emerging  in  the  seventh,  ninth,  and 
tenth  cranial  nerves;  third,  from  the  thoracic  spinal  ner\'e3  (first 
thoracic  to  fourth  or  fifth  lumbar)  and  passing  in  general  via  the 
ganglia  of  the  sympathetic  chain;  fourth,  from  the  sacral  region 
by  way  of  the  so-called  ner\'us  erigens  supplying  the  descending 
colon,  rectum,  anus,  and  genital  organs.  The  autonomic  fibers  at 
their  origin  in  the  central  nervous  system — that  is,  wliile  pregan- 
glionic fibers— are  all  possessed  of  a  small  medullated  sheath, 
having  a  diameter  of  1.8  /i  to  4  /i.  The  postganglionic  fiber  is  in 
most  cases  non-raedullatetl,  b»it  this  is  by  no  means  an  invariable 
rule.  In  many  ca^*es  the  axons  from  sympathetic  cells  possess 
distinct,  although  small,  myelin  sheatlis. 

The  Nicotin  Method. — The  course  of  the  autonomic  fibers 
has  been  trat'Ctl  in  many  cases  to  their  corresponding  sympathetic 
nerve  cells  partly  by  the  method  of  secondary-  degeneration  and 
partly  by  the  use  of  nicotin,  as  first  described  by  Langley  and 
Dickinson,*  These  authors  have  shown  that  after  the  use  of 
nicotin,  either  injected  into  the  circulation  or  paints  upon  the 
gatiirluHi.  stiitiulution  of  the  preganglionic  fiber  in  any  part  of  its 
course  fails  to  ^ive  any  re.s})onse,  while  stimulation  of  the  jx»st- 
guuKliiHiif  liber,  on  the  contrary,  is  still  effective.  It  would  seem, 
therefore,  that  the  nicotin  paralyzes  the  connection  of  the  pre- 
gangUonii*  filK^r  with  the  sympathetic  ner\'e  cell,  and  by  means 
of  the  local  application  of  the  timg  it  is  possible  in  many  cases 
to  pick  out  the  ganglion  in  which  the  preganglionic  filnT  really 
ends.  For  it  ofUm  ha])ix'ns  that  in  the  .sympathetic  tnmk  this 
fiber  will  pass  through  several  ganglia  before  making  final  con- 
nections with  a  sympathetic  cell.  So  far,  the  loui'se  of  these 
fibers  has  Ijeen  traced  most  successfully  in  the  case  of  the  nerves 
supplying  the  sweat  glamls,  blood-vessels,  ami  especially  the  ei'ecior 
muscles  of  the  hairs,  the  so-calleti  pilomotor  nerve  fibers.  The 
visible  result  of  stimulation  in  the  last  case  gives  a  ready  means 
of  detemiitiiiii;  the  presence  of  the  filjers. 

General  Course  of  the  Autonomic  Fibers  Arising  from  the 
Spinal  Nerves. —  It  has  long  l)epn  known  that  the  -spinal  ner\'es 
aiv  connected  with  nmiiy  of  the  ganglia  of  the  sympathetic  chain 
by  fine  branches  known  as  the  n\mi  rommunicantei*.  In  the  tho- 
racic and  lumbar  Regions  (first  thonicic  to  second  or  fourth  lumbar) 
these  rami  consist  of  two  parts,  a  whit€  and  a  gray  ramus,  the 
difference  in  color  t>oii»g  dwc  to  the  fact  that  the  while  rami  are 
comjxised  almoHt  entirely  of  medullated  fibers,  while  the  gray  rami 
are  largely  non-nifvlullatc^i.  In  the  cervical,  lower  lumbar,  and 
aacral  regions  the  rami  consist  only  of  the  gray  part.  Physiolo^c^l 
*"  Prwx'ediiigci,  Uo)^^  Society/'  1889,  4fl,  423. 
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experiments  show  thul  the  while  rami  conpist  of  preganglionic 
fillers  thai  arise  from  nerve  cells  in  the  spina!  cord,  pass  ovit  by 
way  of  the  anterior  roots,  enter  the  white  ramuR,  anr]  thns  reach 
the  sympathetic*  ehain.  On  entering  this  latter  the  fil>er  may 
not  end  at  once  ui  I  lie  j^aughon  at  wliich  it  enters,  l>ut  may  pass  up 
or  down  in  the  chain  for  S(}me  distance.  Eventually,  however,  it 
ends  around  a  sympathetic  nerve  cell  and  the  path  is  then  con- 
tinued by  the  axon  fn)m  this  cell  lis  the  postganplionic  fiber.  The 
pniy  rami  consist  of  these  latter  fibers,  which  return  from  the  sym- 
pathetic chain  to  the  spinal  ner\'es  and  arc  then  distributed  to  the 
areoA  supplied  by  these  ncn'cs,  partictdarly  the  cutaneous  areas, 
since  the  skin  branches  are  the  ones  that  supply  the  sweat  glands, 
the  bl*>od-vessols,  and  the  erector  muscles  of  the  hairs.  It  will  be 
noted  that  the  fibers  that  pass  from  a  given  spinal  nerve — say.  the 
twelfth  thoracic — by  a  white  ramus  to  enter  the  8>Tnpathetic  chain 
do  not  return  as  postganglionic  fibers  by  the  gray  ramus  to  the 
same  Bpinal  ner\'e.  On  the  conlrar>-,  the  gray  ramus  of  the  twelfth 
thoracic  may  consist  of  the  postganglionic  portion  of  autonomic 
fibers  that  enter  the  sympathetic  through  a  white  ramus  of 
one  of  the  higher  thoracic  nerx'es.  In  general,  we  may  say 
that  there  is  a  great  outflow  of  autonomic  fibers,  including 
vasomotor,  sweat,  and  pilomotor  fibers,  in  the  white  rami  commu- 
liic4Uites  from  the  first  or  second  thoracic  to  the  second  or  fourth 
lumbar  nen*es.  Those  of  these  fibers  that  are  to  be  distributed  to 
the  skin  areas  of  the  body — head,  limbs,  and  trunk — return  by  way 
of  the  gray  rami  to  the  various  spinal  nerAes  and  are  distributetl  with 
thesie  ner\'es,  the  distribution  being  somewhat  different  in  tlifferent 
animals  and  for  the  different  varieties  of  fibers.  Those  fibers  that 
are  distributed  eventually  to  the  blood-vessels,  glands,  and  walls 
of  the  viscera  have  a  different  course  from  those  supplying  the 
glands,  blood-vessels,  and  jilain  nuiscle  of  the  head  region.  For 
the  head  region  the  fibers  after  entering  the  sympathetic  chain  pass 
upward  along  the  cervical  sympathetic  to  end  in  the  superior 
cer\*ical  ganglion;  thence  the  path  is  continued  by  postganglionic 
fil>ers  which  emerge  by  the  various  plexuses  that  arise  from  this 
ganghon.  bar  the  alxioiuinal  and  pelvic  viscera  the  fil>ers  (particu- 
larly the  rich  supply  of  \a.soconstrictor  fil>erK),  after  entering  the 
BjTniJathetip  chain,  emerge,  still  as  preganglionic  fibers,  by  the 
splanchnic  ner\'es  that  nm  to  the  celiac  ganglion  or  in  the  branches 
connecting  with  the  inferior  mesenteric  ganglia,  and  then  become 
postganglionic  fibers  (see  Fig.  105).  The  details  of  the  course  of 
the  vasomotor,  sweat,  \isceromotor  fibers  to  the  different  regions, 
the  rardiac  fibers,  etc.,  \^^ll  be  given  in  the  appropriate  sentions. 

General  Course  of  the  Autonomic  Fibers  Arising  from  the 
Brain. — These  fibers  leave  the  brain  in  the  third,  seventh,  ninth, 
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tenth,  and  eleventh  cranial  nerves. 


Fiff.  10.5. — DiaRram  irivinR  a  ftcbemBtio 
reprfre«ntalinn  of  the  ciiurw  of  the  ftufoncmtio 
(sympathetic)  (ibeni  arising  from  tkethntudco- 
lunit»r  »nd  snenil  reginiu  of  the  conl.  Ttie 
preipinKlittnic  fiber  ia  npnmate^  in  red.  the 
prMttmndionir  in  black  hnm».  'The  nrrows  in- 
dicate the  nonual  direction  of  the  netre  iin- 
pulaPH  or  riervo  cnnduclinn.  S.c,  Suiwrior 
cerv-ic-al  (CHtigtion:  /,r,,  inferior  cervical  Ran- 
glion;  T.  the  Brst  thoracio  KacKUdii;  Sp..  the 
Nplnnrbnic  nerve:  C,  the  semiTunar  or  celiac 
oanRlion;  m.,  the  inferior  mesenteric  ^injclioD:^ 
A.,  the  bypoKastric  nerves;  y.E.,  the  nervus 
erixenn.  The  ntmierala  indicate  the  corr^ 
•pondinc  BiHoal  nervea. 


Those  that  emerge  in  the  tliird 
nen'e  end,  as  preganglionic  fi- 
bers, in  the  cilian'  ganglion. 
Their  postganglionic  fil>ere 
leave  this  ganglion  in  the  short 
ciliary  nerves  and  innervate 
the  plain  nnisclc  of  the  sphiiic- 
tc^r  of  the  iris  and  the  ciliar>' 
musf'lc.  The  fibers  that  emerge 
in  the  seventh  and  ninth 
nerves  probably  supply  the 
glands  and  blood-vessels  (vaso- 
dilator filx^rs)  of  the  mucous 
membnine  of  the  ni^se  and 
mouth.  Some  of  these  fibers 
reach  the  fifth  nerve  by  way 
of  anastomosing  branches  and 
are  distributed  with  it.  Their 
preganglionic  portion  termi- 
nates in  some  of  the  ganglia 
belonging  to  the  sympathetic 
type  which  are  found  in  this 
region,  such  as  the  sphenopal- 
atine and  otic  ganglia,  and  the 
submaxillar>'  and*  sublingual 
ganglia  for  the  fibers  dis- 
tributed to  the  glands  of  the 
same  name.  The  au  tonomic 
fibers  that  arise  with  the  t<?nth 
(and  the  eleventh)  nerves  are 
distribuletl  through  the  vagus. 
Physiologically  these  fibers 
consist  of  motor  filxTs  (vis- 
ceromotor fibers)  to  the  mus- 
culature of  the  esophagus. 
stomach;  small  intestine,  and 
large  intestine  as  far  as  the 
descending  colon,  motor  fibers 
to  the  bronchial  musculature, 
inhibitory  fibers  to  the  heart, 
and  secretory  filjers  to  the 
gastric  and  pancreatic  glands. 
The  ganglia  in  which  the  pre- 
ganglionic ix)rtions  end  have 
not    been    definit«lv    located, 
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but  probably  they  comprise  the  small  and,  for  the  moet  part,  un- 
named lo<'al  pangUa  found  in  or  neiir  the  orjrans  innon'ated. 

General  Course  of  the  Autonomic  Fibers  Arising  from  the 
Sacral  Cord. — The  autonomic  fibers  of  this  region  emerge  from 
the  cord  in  the  anterior  roots  of  the  sacral  nerves, — second  to 
fourth.  The  branches  from  these  roots  unite  to  form  the  so-called 
Dcrvus  erigens  (peine  ner\'e),  which  loses  itself  in  the  peKic  plexus 
without  making  connections  with  the  sympathetic  chain  of  ganglia. 
The  peKic  plexus  is  formed  in  part  also  from  the  liyjwgastric  nerve 
aiisdng  from  the  inferior  mesenteric  ganglion.  Through  this  latter 
path  autonomic  fibers  from  the  upper  hmibar  region  enter  the 
plexus  (Tig.  105).  The  autonomic  fibei-s  of  the  nervus  erigens 
supply  vas(Mliltttor  filjers  to  the  extonia!  f^eiiital  organs,  and  in 
the  male  coastitute  the  physiological  iiu'i-hanism  for  erection; 
whence  the  name.  They  supply,  also,  vasodilator  libers  to  rectum 
and  onus  and  motor  fibers  to  the  plain  muscles  of  the  colon  de- 
»cenden>',  rectum,  and  anus.  The  preganglionic  paits  of  these 
fibers  end  in  f^nwdl  Hymf)alheLie  ganglia  in  llie  (X'lvie  plexus  or  in 
the  neighborhood  of  the  organs  supplied. 

Normal  Mode  of  Stimulation  of  the  Autonomic  Nerve  Fibers. 
— In  distinction  from  the  nene  fibers  inner\-ating  the  skeletal 
muscles  practically  the  whole  set  of  autonomic^  fil>ers  is  removed 
fn>m  the  control  of  the  will.  An  apparent  exception  to  this  general 
atatc*ment  Is  found  in  the  fact  that  the  ciliar>-  muscle  of  the  eye  is 
fleemiugly  muler  voluntary  control.  We  must  suppose  that  under 
normal  contlitions  they  are  always  excited  reflexly,  and  the  course 
of  the  afferent  fibers  concerne<l  in  these  reflexes  and  the  nature  of 
the  effective  sensor\'  stimulus  in  each  case  are  im(X)rtant  in  the  eon- 
sidej^tinn  of  each  of  the  physiological  mechanisms  involved.  Most 
of  these  mechanisms,  as  we  shall  find,  work  reflexly — that  is, 
without  vohmtari'  initiation — and,  for  the  most  part,  uneon- 
sciotifily. — for  instance,  the  movements  of  the  intestines,  the  secre- 
tion of  the  digestive  glands,  and  the  contraction  and  dilatation  of 
the  arteries.  The  autonomic  ner\'e  fibers  eontnil,  therefore,  the 
unconscious  co-ordinate<l  actions,  the  so-called  vegetative  processes, 
of  the  body.  Tliere  is  no  apparent  reasfm  in  the  anatomical  ar- 
rangements why  these  fibers  should  be  free  from  vohmtar>*  controL 
Their  distinguishing  characteristic  in  comparison  with  the  nerves 
for  the  voluntar)'  movements  is  the  fact  that  they  all  terminate 
first  in  s>-mpathetic  nerve  cells;  but  this  fact  gives  no  explanation 
of  the  absence  of  conscious  control  by  the  will.  We  are  justified  in 
saying  that  nene  paths  that  pass  through  sympathetic  ner\e  cells 
cannot  be  excited  voluntarily;  but  the  immediate  reason  for  this 
fact  is  probably  to  be  found  in  the  ultimate?  point  of  origin  of  these 
paths  in  the  central  nervous  system.    What  we  designate  as  vol- 
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untari*  motor  paths  aiiae  in  a  definite  re^xm  of  Ihe  <xirtex, — the 
motor  area  in  the  frontal  lobe.  Our  motor  exnuseptaons  or  ideas 
can  affect  the  efferent  paths  arisn^  in  tloE  repoiL,  but  not  tboae^ 
af^MLreDtlr,  whidi  originate  in  other  parte  of  tiie  bnun. 
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CHAPTER  Xm. 
THE  PHYSIOLOGY  OF  SLEEP. 

The  slate  of  more  or  less  complete  unconsciousnej^  which  we 
designate  as  uleep  foniLs  u  [jurt  of  the  physiology  of  the  brain  which 
naturally  lias  attracted  much  at  tention,  and  the  the<)rotical  explana- 
tions that  have  lieen  advanced  at  one  tinie  or  another  are  exceed- 
ingly numerous.  The  same  condition  occurs  in  many,  if  not  all,  of 
the  other  mammalia,  and.  iiuleetl,  in  all  living  things  there  occur 
periods  of  rest  alternating  with  jjeritMiH  of  activity.  Whether  these 
perifKls  of  rest  are  essentially  similar  in  nature  to  sleep  in  man 
b  a  question  in  general  piiysiok»g>'  that  can  he  solved  only  when 
we  know  more  of  the  chemiiitr)'  of  living  matter.  Within  the  human 
hotly  there  are  other  tissues  that  exhibit  periods  of  re«t  alternating 
with  periods  of  activity, — the  gland  cells,  for  example.  The  secret- 
ing cells  of  the  pancreas  have  a  j*erii»d  of  activity  in  wlueh  the 
destructive  processt^s  fxceeil  the  constructive,  and  a  pprif>d  of  rest 
in  which  these  relatioas  arc  reversed.  We  may  compare  this  con- 
dition in  the  gland  celb*  with  that  in  the  brain.  Sleep,  from  this 
st&ndpoint,  is  a  ]3eriod  of  ctimparative  rest  or  inactivity,  during 
whieh  the  constructive  or  analxdie  processes  are  in  excess  of  the 
ditaaKimilatorb'  changes.  The  period  of  sleep  Is  a  period  of  re- 
aiperation,  and  doubtless  all  tissues  luive  the^  alternating 
phases.  To  explain  sleep  fundamentally,  therefore,  it  would  be 
Decessar>'  to  undcrstantl  the  chemical  changes  of  anal>olLsm  and 
CfttalMDlisro,  and  an  explanation  of  the  sleep  of  the  brain  tissues 
wouM  doubtless  explain  the  similar  phenomenon  in  other  tissues. 
But  what  the  physiologists  desire  first,  and  liave  attempted  to 
determine.  Is  an  explanation  of  why  this  condition  comes  on  with 
a  wrtain  jx*rio<iical  regularity, — an  explanation,  in  other  words,  of 
the  mechanism  of  sleep,  the  change  or  changes  in  the  brain  or  the 
Ixviy  which  reduce  the  metalx)lLsm  of  the  brain  tissue  to  such 
an  extent  that  it  falls  l>elow  the  level  neceasaiy  to  cause  conscious- 
ness. 

Physiological  Relations  during  Sleep. — The  central  and  most 
important  fact  of  sleej)  Is  the  partial  or  complete  loss  of  conscioiis- 
oew,  and  this  phenomenon  may  be  referred  directly  to  a  lessened 
tnetabolic  activity  in  the  brain  tissue,  presumably  in  the  cortex 
cerebri.  During  sleep  the  following  changes  have  been  recorded: 
.«  2*' 
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^^  rei^anctauxit  l«(seuxzie  alivver  XDQ  decgierii&dtiK' 
{rMpimUuit  by  ^ik-^'UtiuD  uf  iIk-  zibt^ '  jnrrinmiTtOTrr  over  'die  .ab- 
ouxxiiitbl  ur  HiKjifiTi^pTTi».7J»-  TCBpizmiaxi  iif^  canqmed  wltb  "dae  loidBg 
cubdhiuii.  'J^  TeepiiB.vj(n-  mcmexuenZF  aiw*  ahnw  iifsquenLlT  a 
ittiooitn-  vo  tiWJiijrt:  ^leriudif. — uia:  je.  xc'  incieiiBe  and  dotaease 
«^uiariy  jl  cxiupE  ttri«r  liie  muniies'  of  tbt  C3ipyiie-"?*iafccE  T?l* 
tif  bflsfefruimic.  Ti*  «:iuntia'.aj  it  irwuentrr  miarter  imd  zocdv  scaiS- 
oit  tiiM:  k:  'uitt  TeBpiraiiuoi-  cc  tl*  -wukine  iiauK.  Tlie  ejT^daalls 
n»U  upv'tLTC  Jiiid  iir'^'ud  aiid  liie  p*»na]  if  eonsErinied.  Aajordans 
v^  J>jttuliw^*fc  o*j«aT&uoiifc.  the  kxioe^ick  aecnaiflet  or  djaa^ipeus 
«uuj>dy  dun£i£  uleep.  Sr.>iitf  cc  ttit  (Kjustazn  aecr^aiif  ajc  dxzom- 
itointjd  in  miwuiiT. — its.  f'.T  jneuoi?*-  tbt  urmfc.  liit  leais.  aikd  li» 
wwwnayu  uf  tiit  iiiuo'.»ufr  jdhJiit  it  ibe  ubsal  or  jifaarnQcea]  mean- 
^jRLUt.  ^>iie  */  tb*r  i«Lii:iii2ij-  fiiEiit  IE  &  fiie»ejn:  candkicm  if  Ti»t  drysxsB 
<ji  tilt  BurfjiiOe  rjf  tbt  *n-€t.  h  t^.oiditiciL  tha.1  leads  K»  xhe  rnbt^ng 
*/  th^:  e>'**.  it  ife  ey^neiiiiit*  stALed  xiiai  ibe  dicesifTe  fleoTOoos 
*j»r  riirniTiitsii^i  d'jjiiuc  skiep.  but  the  sLa.tein€snx  dcie?  ucn  aeem  to 
tt«T  vpr/u  tsatisfji'.'t^.tn-  oljaervhtirttis.  aad  may  l#e  doulne-x  The 
puiwf-rat*  *^:xvbjnnn  dujiiyr  sJeej-  iJid  there  are  aiac*  oeruon  sjg- 
iiiikauut  f'Jiaujc*^  iu  t}j*r  di^tjibuti'in  cc  IJciCfri  in  tbe  \k*^  ovir^ 
t^-*  «  diTXiijji»>}i^!ifj  vjiM"Jar  t'C»ae  i:^  tiie  s^dn  veaaek.  T^ieie  latter 
^iiaijj^«-»r  w'jj]  ^^  re:>r7»7d  to  iii'..re  in  detail  r<elc»'«'.  The  iibyacik^cal 
<ixi*lati'>ii);  ar*r  ai*y>  d'^.-reatsed.  as  ^o-wri  In-  ibe  dTTriir.ismd  <»utpat 
'/  *airi>/rj  div.>;id.  *^>rj  th^  wbok*. bo-aever-iiie liysacijccSwJ artirities 
*/  tljfc  \^Ay  jro  '>yj  ijju<-h  afe  ki  the  wsikiiis  C'«:»DdrDo«rL  Tboae  thaxis^ 
isx  a-'.'tivily  tl^at  do  ^xrc-ur  are.  in  the  niain.  as  in-iirpct  rpsruh  <rf' 
Uj^  f^ariiaj  or  '-*>wjplet'/  r^r^sation  <:»f  a/'ti^it>*  in  tlie  braiB.  CHie 
Wii^it  fcay  tJiat  while  the  <ir.irt^x  of  the  l*rhiii  sleep? — that  is,  is 
jfja/.-tive  f.vM  of  the  other  or2:ir-s  of  the  l<c«dy  may  lie  a«:ake  and 
Sf^ja'iSiXii'iSi  th«'ir  jjorrria]  a<-tivity.  Aucttber  fa<-t  of  interest  is  that 
Xifr  t^iUm  ror.f'y.  d'^*'*  not  fall  £L-leep  at  the  same  msiant  nor 
aJAayjr  t/>  the  -aioe  ''xterjt.  ^>rdinarily  as  sleep  sets  in  the  power 
t/y  M*ake  e/yfj-'-io;?:  rijovernent-?  1=  lost  first  and  the  auditory*  sen- 
»;i(yiJity  ia*^t.  aiid  ou  av.akeniM^  the  reverse  relation  holds.  The 
individ'jal  luay  ix-  eonsr-io'is  of  sound  sensations  before  he  is 
*itiiU'''i''UX\y  a/.ake  to  make  voluntan*  movements. 

The  Intensity  of  Sleep. — The  intensity  of  sleep — that  is.  the 
depth  of  t.jj'-or)i-''ioij-n'-r- — ha.s  Ix-en  studied  by  the  simple  dexice 
of  a-yertfiinji;::  tJu'  int'Tirity  of  the  sensory  stimuhis  necessary  to 
a/.ak'-fi  »h'-  -I'-'-fx-r.  K'oJil^r-hiitter*  used  for  this  purpose  a  pendu- 
I'lift  fallifij.'  ajraifi^t  a  .M>urirlirijr  plate.  At  intenals  of  a  half-hour 
iittrittif  the  itt-r'i't^i  of  j-Krrfp  the  auditoiy  stimuH  thus  produced  were 
tUf.Tt'it'-^-A  in  i/iten-ity  until  waking  wa>  cau:?ed.  His  results  are 
iix\trtv.'^A  \u  th'-  r-iifve  shown  in  Fis.  1()6.  in  which  the  intensity 
•  Kotilw'lMiiU;r,  "Z*:ilhchrift  f.  rationelle  Medicin/'  1863. 
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of  the  Bleep  is  represented  by  the  height  of  the  ordinates.    According           ^H 
to  this  ctin^e,  the  gn^atcst  intensity  is  reachetl  about  an  hour  after           ^H 
the  beginning,  and  from  the  second  to  the  third  hour  onward  the           ^H 
depth  of  sleep  is  very  sltg:ht.     The  activities  of  the  bruin  lie  just            ^H 
below  the  threshold  of  consciousness.     It  appears  also  from  this           ^H 
curve  that  the  recuperative  effect  of  sleep  is  not  proportional  to           ^H 
its  intensity.     The  long  period  from  thr  thinl  to  the  eighth  hour,            ^H 
in  which  the  depth  of  sleep  is  so  slight  is  pres\tinably  as  important            ^H 
in  re»toring  the  brain  to  its  normal  waking  irritability  as  the  deeper           ^H 
period  up  to  the  third  hour.     It  is  probable  that  the  curve  of  in-           ^H 
tensity  of  sleep  varies  somewhat  with  the  individual  and  also  with            ^H 
suiToimding  conditions.     That  indi\idual  variations  occur  is  indi-           ^H 
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106. — Curve  Ulustrmtinir  the  *tr«n(fth  nt  vji  auditory  stimulus  (a  ball  fallini 
pBcaMry  to  awalten  •  fttcc'ntnK  pcr*on.     Tb©  hours  marke^l  below.     Tlw 
B  At  half-hour  int«rvalA.     The  cun-e  m.li(^ate.H  that  th«  <Iijituiirt>  thmiiKh 
wmmry  to  drop  th«  baU  inerrafetl  during  th«  fint  hour,  atid  thca  diminMi 
rmpidJx.  Uwo  alowly.— <A:oJUM-Aoi<rr.) 

y  the  results  obtained  by  two  other  obser\'er8,  M6nnin>! 
.•sl)ergcn,*  wlio  use^l  the  same  general  metho<l  as  was 
by  KohlschiJttor.    The  sleeper  was  awakened  b>'  audi 
proiluceii  by  dropping  a  load  ball  from  var\  ing  heights  \ 
plat<?.     Only  two  experiments  were  made  each  night, 
vea  constructed  represent,  therefore,  composites  from  s<'> 
i>f  sW'p.     One  of  the  curves  obtained   is  rcprcscntc 
17.     According  to   this   cur\-e.   the   maximum   intensit 
t  between  the  first  and  8e<'oud  hours,  and  U^tweeii  the  fo 
e  fifth  hniir  then*  is  a  second  slight  inrrease  in  inten 
a  M'cond  maximum  in  the  cur\'e.     This  latter  featurc 
jnninKhuff  and  PicsberKen,  "Zcitschhft  f.  Biologit?."  19.  I.  lS8a 
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eecond  increase  in  intensity  toward  morning  is  vor}-  apparent  also 
in  same  interesting  curves  obtuincil  by  Czerny  from  children  of 
different  ages.  His  method  of  awakening  the  sleeper  was  to  use 
induction  shocks  of  varying  intensities.  In  children  of  four  years 
with  a  normal  period  of  sleep  of  about  twelve  hours  the  cur\e  shows 
a  ven.'  marked  increase  in  intensity  toward  monung,  as  shouTi 
in  Fig.  108.  Cur\es  made  by  similar  experimental  methods  are 
reported  by  Howell  and  by  Michelson.*  The  striking  feature  about 
&U  the  curves  is  the  sharp  increase  in  intensity  shortly  after  falling 
asleep,  the  maximum  being  reached  at  the  first  or  second  hour  of 
shimber.  Subsequently  the  cur\e  again  falls  rapidly  and  the  sleep 
is  light,  but  may  show  a  greater  or  less  increase  in  uitensity  toward 
the  end  of  the  period. 

Changes  in  the  Circulation  during  Sleep.— That  the  circula- 
tion undt'OrtX'S  distinct  atul  (•hara<•tori^tic  changes  during  sleep 
has  bt*en  shown  ufK)n  man  by  phlelh\  srnogruphit^  oljscrvations  and 
upon  the  lower  animals  by  direct  kymographic  experiments. 
Using  verj'  young  dogs,  Tarchanofff  h*^  been  able  to  measure 
their  bliKKl-pressure  while  sleeping.  He  finds  that  the  pressure 
in  the  aorta  falls  by  an  amount  etjual  to  twenty  t<»  fifty  millimeters 
of  mercury  during  sleep,  and  that  the  same  general  fact  is  true 
for  man  is  shown  by  the  sphygmomanoniotric  obsen'ations  reported 
by  Brush  and  Fayerweather.J  Making  use  of  patients  with  a 
trephine  hole  in  the  skull,  Mossojj  has  been  able  to  show  that  during 
sleep  the  volunie  of  the  brain  diminishes,  while  that  of  the  ann 
or  foot  increaaee.  The  apparent  explanation  of  this  fact  is  that 
the  blood-vessels  in  the  body  dilate,  and  receive,  therefore,  more 
blood,  while  a  smaller  amount  flows  to  the  brain.  The  volume 
of  the  foot  or  hands  was  measured  in  these  experiments  by  incasing 
it  in  a  plethysmograph  (see  8<*ction  on  circulation).  The  author  |1 
has  extended  these  obser\-ations  so  as  to  obtain  a  plethysmographic 
record  of  the  volume  of  the  hand  and  part  of  the  forearm  during 
ft  period  of  normal  sleep.  One  of  the  records  thus  obtainwl  is  given 
in  Fig.  1()9.  The  amount  of  dilatation  is  given  by  the  ordinates 
below  the  base  line.  Granting  that  the  increase  in  volume  of  the 
hand  and  arm  is  caused  by  an  increase  in  the  volume  of  blood 
eontalnetl  in  their  blootl-vessels,  the  cur^•e  shows  that  during  and 
after  the  onset  of  slet^p  the  blood-vessels  in  the  arm  slowly  dilate 
until  between  one  and  two  hours  after  the  beginning  of  sleep. 

•  HowpU.  "Joumnl  of  Experimental  Medicine,"  2,  313,  1897.     Michcl- 
,  "IhRwriatiiin."  l)nri>at,  1S91. 

tTarchoiiofr,  "Archives  ilalienncs  He  biologie."  21,  318.  1S04. 
J  Unish  and  Faverwonlher,  "Americjin  Jouniol  of  I'hj'mology,"  5,  199, 
UOi 

Moeen.  *'  Ueb«r  den  Krcblauf  dee  Blutes  ini  men»chliciien  Gehiro."  1881. 
iwcU,  loc.  ciL 
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After  tfaiB  ntftTimmn  is  readied  the  ann  remains  more  or  less  oj 


the  same  volume  for 


f$t    iim    IftitldiiiK    or 


iin  period  or  ebe  Himiniahpfi  in  volume 
very  gradually.  Shortly  before  waking, 
however,  the  arm  begins  to  diminish 
more  rapidly  in  size,  o^\'ing  doubt- 
to  the  contraction  of  its  blood- 
is;  so  that  at  the  time  of  awak- 
ing it  has  practically  the  same  volume 
as  at  the  bepioning  of  sleep.  If,  on 
the  basis  of  Mosso's  experiments, 
quoted  above,  we  assuinc  that  the 
blood-flow  in  the  brain  stands  in  a 
reciprocal  relation  to  that  in  the  arro, 
this  cun*e  may  be  taken  to  indicnl<» 
that  before  and  after  the  onset  of  sleep 
the  blood-flow  through  the  brain  di- 
minishes rapidly  to  a  certain  point 
and  that  before  awaking  the  blood-flow 
begins  to  increase  again  until  it  reaches 
normal  proportions. 

Effect  of  Sensory  Stimulation. — 
That  8ensor>'  stimuli  of  various  kinds 
affect  a  sleeping  individual  without 
entirely  awaking  him  is  shown  by  the 
movements  that  may  be  caused  in  this 
way.  and  also  by  the  nature  of  the 
dreams  which  may  be  provoked,  ft  is 
vepk'  interesting  to  find  from  plethyst- 
mographic  observations  that  all  kinds 
of  sensory  stimulations  from  with- 
out and  from  nnthin  are  liable  to 
affect  the  circulation  of  the  blood 
duriagsleep.  As shouTi by  the plethj'9- 
mograph,  the  volume  of  the  ami  dimin- 
ishes more  or  less  in  proportion  to  the 
intensity  of  the  stimulus,  and  the 
probable  interpretation  of  thLs  fart  is 
that  the  sensory  stimulus  acis  refiexly 
upon  the  vasomotor  center  In  the 
medulla  and  causes  through  it  a  con- 
traction of  the  blood-vessels.  In  the 
curve  sho^^•n  in  Fig.  109  most  of  the 
traceable  to  causes  of  this  kindr — ncHsea 
street    or    other    sensorv    stimuli.      The 
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Fir.  110.  In  these  experiments  the  rcconler  attaeheii  to  the 
plethysmograph  to  register  the  tlmnges  in  \olume  was  of  a  differ- 
ent kind  (tambour)  and  the  record  reads  in  a  reverse  way  to  that 
shown  in  Fig.  109, — that  is,  a  dilatation  is  recorded  by  a  rise  in 
the  curve  and  a  constriction  by  a  fall.  The  recorder  being  more 
sensitive,  the  volume  changes  in  the  arm  due  to  the  heart  beat  are 
clearly  Indicated.  The  legends  attached  to  the  illustration  explain 
the  reeults  of  the  experiments. 

Theories  of  Sleep. — Many  hypotheses  have  lx>en  advanced 
to  explain  the  nature  and  causation  of  sleep.  Confining  ourselves 
to  the  more  recent  hypotheses  that  attempt  to  explain  the  imnietliate 


^P  n^   IIQ. — Sl«wp    A,  effect  nfcxtanul  ixnprwHBon  (mnMc  box).  Insufficient  t-oairmken 

4ni|M  I , — ft  mu-ked  diroiDUtion  In  Toluma  of  the  mm;  B,  effect  of  exlcmnl  Imprewion 
ttnujtir  bi^xi  nuffirirni  (o  awkken  tltfepcr  ft  stronft«r  diminution  in  vnlijDif>  rnllowed  by 
illfailatKiu  AK  the  vubjert  acmio  Tell  K»lB«p. 

fBpCQse  of  the  production  of  the  condition,  the  following  brief  de- 
Aription  will  suflice  to  show  the  nature  of  t he  theories  proposed : 
1.  The  Accumulation  of  Acid  Waste  Products. — Preyer*  and 
abo  Obcrstciner  have  suggested  that  the  accumulation  of  acid 
waste  products  in  the  blood  brings  on  a  gradually  increasing  loss  of 
irritability  or  fatigue  in  the  brain  cells  which  results  finally  in  a 
dppreftsion  of  their  activity  sufficient  to  cause  unconsciousness.  It 
is  known  that  functional  activity  in  the  muscle  is  accompanied  by 
the  formation  of  acid  waste  products,  especially  sarcolactic  acid, 

♦  PrevcT.  "CentralbUtt  f.  d.  med.  Wiw  ."  13.  577,  1875;  and  Obereteiner, 
"AQ^emrtne  Zcitschrift  f.  Psychiatric."  29,  224.  1S72-73. 
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and  that  if  not  removed  as  quickly  &s  formed  these  prodoets  ca 
ft  diminution  &nd  finally  a  loss  of  irritability.  Tbe  ccntial  oerre 
tiflsuee  in  acti\'ity  show  also  an  acid  reactka.  Ifaouiq.  if  lactk 
acid  or  its  sodium  salt  is  injected  into  tiie  blood  it  faring  on  a  coo- 
dition  of  fatigue  and  finaliy  a  stat«of  unwwiirinnnf  w      ThethMxr, 


therefore,  Ruppotics  that  during  the  waldng  hours  the 
activity  of  the  muscles  and  ner\*ous  system  remks  in  a  gadoal 
accumulation  of  these  waste  products,  since  their  mndatinn  and 
renifivttl  does  not  keep  pace  with  their  prodactaan.  The  end- 
remilt  in  a  diminishing  irritability  of  the  central  nerrous  system, 
e«pCHually  perhu|X}  of  the  cortex,  which  results  fiaaBy  in  mx^ 
untar>'  nlt^p,  although  normally  the  accumulatioa  is  Do4  canied 
to  tIiIk  i'xtreTiiM,  Hinrc  it  Is  our  habit  to  induce  sleep,  vhcft  the 
sensations  of  sleepiness  become  apparent,  b\'  withdrawing  owaulvcfl 
from  excitations,  mental  or  sensory, 

2.  (^otutumfition  of  the  I nirarnokcutar  Oxygen. — Pfloger*  sugguolB 
that  till*  cHiiHi*  of  slfH'p  lies  essentially  in  the  fact  that  the  brain  cells 
during  the  waking  hours  use  up  their  store  of  oxygen  more  rapidly 
than  it  van  l»e  replaced  by  the  ahsfirption  of  oxygen  from  the  bkxxL 
The  n'**ult  is  a  gnulual  refiuction  in  irritability;  so  that  when 
exteniul  ntiniuti  are  with(Ira^^ll  the  oxidations  in  the  cells  sink 
Jx'low  tin*  level  necessury  to  arouse  consciousness.  During  sfeep 
th«'  store  of  intruinoleculitr  oxypen — that  is,  the  oxygen  s>Tithpli- 
cally  eombinet]  l>y  aiuilM>Uc  processes  Ut  form  the  irritable  ^'viiio- 
matUrr  -is   again    rfplenished. 

Ti.  Ttir  Neuron  Theartf. — Duval,t  Cajal.  and  others  have  applied 
the  neuron  doctrine  to  explain  the  occurrence  of  sleep.  According 
to  the  neuron  (Minceplion,  the  connection  between  the  cells  in  the 
cortt»x  iind  tlie  incoming  impulses  along  tlie  afferent  paths  is  made  by 
the  t-ontact  of  the  tertninal  arliorizatious  of  the  afferent  fibers  with 
the  dcrulrites  of  the  cell.  Assuming  that  these  latter  processes  are 
contractile,  Duval  supposes  that  sleep  is  caused  mechanically  by 
their  retraction,  which  n^sulls  in  breaking  the  connections  and 
thus  withdrawing  the  brain  cells  from  the  poss-ibility  of  external 
stimulation.  (Conductivity  is  re-established  upon  awaking  by  the 
elonjcalion  iitnl  intermingling  of  the  processes  again  re-establislung 
physiological  connections.  The  numerous  efforts  made  to  demon- 
strate the  fact  of  a  retraction  of  the  dendritic  processes  by  histo- 
logical examinations  of  brains  during  sleep  or  narcosis  ha^'e,  how- 
ever,   not    ImM'II    HU<'C('S.sful, 

1.  Anrmui  Thvorii'M  of  Sleep. — Numerous  facts  in  physiolog>' 
make  it  practically  certain  that  during  sleep  there  is  a  diminished 

•  Pllil|t<»r.  "Arcliiv  f.  d.  Ki^fljuninte  Phwiolojcic."  10,  468,  1875. 
t  Ihivul,  "  Comptrs  rrhilii.s  i\v  In  (*<hv  de  biol.,''  February,  iS95;  j 
iVrchiv  (,  Annt.  (u.  Pliyulul.),**  375,  1N95. 
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flow  of  blootl  through  the  brain,  a  conclition  of  cerebral  anemia. 
In  animals  with  the  brain  e.\p<)i*e<l  or  with  a  glass  window  in  the 
ekull  it  has  been  observed  diret'tly  that  the  flow  of  bUnxl  to  the 
cortex  is  diminished  duringsleep.  Mosso's  plethysmopraphic  experi- 
ments mentionetl  above  have  been  given  a  similar  interpretation, 
ant]  Tarchanoff's  obsen'ations  upon  sleeping  dogs,  as  well  as  direct 
determinations  upon  man  by  Brush  ami  Tayerweather,  show  that 
the  arterial  pressure  falls  during  sleep.  Inasmuch  as  the  lessened 
pressure  in  the  arteries  is  accompanied  by  a  dilatation  of  the  vessels 
of  the  skin,  as  shown  by  the  pleth\smograph.  it  is  probable,  when 
the  fact-s  previously  mentioned  are  taken  into  consideration,  that 
the  diminishe<^l  pressure  in  the  arteries  forces  less  blood  through 
the  brain  and  more  througli  the  dilated  vessels  of  the  skin.  In 
fact,  as  is  explained  in  the  section  on  circulation,  it  is  probable 
that  the  bkHid-flow  through  the  brain  is  normally  regidated  in- 
directly by  the  circulation  in  other  parts  of  the  body.  Constriction 
*}{  blood-vessels  elsewhere  increases  arterial  pressure  and  shunta 
more  blood  through  the  brain,  and  rice  I'lrsa.  This  general  view 
in  accord  with  the  fact  that  sensory  stimuli  and  increased  mental 
ivity  are  accompanie<l  by  a  ronstrictitm  nf  the  blu<Ht-vessela 
(of  the  skin)  and  a  rise  of  arterial  pressure,  while,  on  the  other 
hand,  mental  inactivity  and  especially  sleep  are  accompanied  by 
a  dilatation  of  Uie  blood-vessels  of  the  body  (skin  vessels)  and  a 
fall  of  arterial  pressure.  All  of  our  facts,  therefore,  point  to  an 
anemic  condition  of  the  brain  during  slcn^p.  and  some  physiologists 
have  believefl  that  this  (condition  precedes  and  cau8<?8  the  state 
of  sleep,  while  others  take  the  opposite  view  that  it  follows  and 
merely  one  result  of  sleep,  (hi  the  basis  of  the  plethysmograpliic 
jierinients  mentioned  al)ove  the  a\ithor*  has  pmp(jsed  a  theor>' 
of  sleep  in  which  the  diminished  flow  of  blood  to  the  brain  is  ex- 
p1aine<l  and  is  a.'wtimed  to  t>e  the  chief  factor  in  bringing  on  sleep. 
The  theory  assumes  that  the  periodicity  of  sleep  is  dependent 
m&lnly  u|x»n  a  riiythmical  loss  of  tone  in  the  vasomotor  center  in 
the  mcfluUa  m  consequence  of  fatigue  fnun  continued  activity 
during  the  wakuig  hours.  That  Ls,  the  vasomtUor  center  is  in 
constant  action  during  this  period;  the  continual  flow  of  sensor}' 
stimuli  and  the  constant  activity  of  the  brain  act  reflexly  on  this 
wnter  and  through  it  cause  a  constriction  of  the  blood-vessels  of 
the  body,  particidarly  of  the  skin,  by  means  of  which  the  blooti- 
flow  through  the  brain  ih  maintained  with  an  adequate  velocity. 
In  consequence  of  this  varying  but  constant  activity  the  center 
undergoes  fatigue;  stronger  and  stronger  stimulation  is  necessary 
to  maintain  its  normal  tone,  and  eventually  its  effect  on  the  blootl- 
pressure  becomes  insufficient  to  maintain  an  adequate  flow  through 
•Howell,  ^'Journal  of  Experimental  Medicine,"  2,  313.  1S97. 
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the  brain  and  unconsciousness  or  sleep  results,  even  against  one's 
desires,  as  is  shown  by  the  experience  of  those  who  have  attempted 
to  keep  awake  much  beyond  the  habitual  period.  Ordinarily, 
however,  this  fatigue  of  the  vasomotor  center  and  its  resulting 
tendency  to  a  cessation  of  activity  is  favored  by  our  voluntary 
withdrawal  of  stimulation.  Our  preparations  for  sleep,  closure  of 
eyes,  darkened  and  if  ]x>ssible  quiet  room,  cessation  from  disturbing 
thoughts,  result  in  a  diminution  of  the  sensor)^  and  mental  stimuli 
that  noniially  play  iijhmi  tlie  va.soinotor  center.  The  cessation 
of  such  stimuli  may,  indeed,  at  any  time  be  all  that  is  necessani' 
to  bring  alx>ut  a  partial  loss  of  activity  in  this  winter,  a  les- 
sened How  of  blood  through  the  brain,  and  a  period  of  sleep  which, 
however,  is  usually  short.  If,  however,  the  vasomotor  center  has 
been  previously  fatigued,  a.s  may  be  siipposcd  to  be  the  ease  at  the 
end  of  the  day,  the  withdrawal  of  these  stimuli  pcrmitHS  it  to  fall 
into  a  more  complete  state  of  inactivity,  and  the  diminution  of 
blood-fluw  to  the  brain  and  the  state  of  unconsciousness  is  longer 
lasting. — lasts  indeeti.  according  to  tl»e  cu^^'ca  of  wliich  an  example 
is  given  in  Fig.  109,  until  the  gradual  resumption  of  activity  in  the 
vasomotor  center  brings  about  a  constriction  of  the  blotxl-vessels 
of  the  bofly  and  thus  drives  enough  blood  through  the  brain  to 
caiise  spontaneous  awakening.  A  third  factor  wluch  must  aid  in 
the  production  of  imconsciousness  as  a  n»siilt  of  the  lessened  flow 
of  blootl,  and  in  the  return  of  consciousness  in  connection  with 
the  increased  flow  of  blood,  is  the  greater  or  less  fatigue  of  the 
cortical  cells  themselves  after  a  day's  acti\'ity,  and  their  greater 
irritability  after  a  night's  rest.  Many  factors,  therefore,  co-oper- 
ate in  the  development  of  the  normal  state  of  sleep  lasting  for 
six  to  eight  hours  out  of  twenty-four,  but  the  central  factor  which 
explains  its  rapid  onset,  involving  nearly  simultaneously  all  the 
conscious  areas  of  the  brain,  whether  previously  fatigued  or  not, 
and  the  equally  sudden  restoration  to  consciousness  of  the  entire 
cortex,  is  to  be  found  in  the  amount  of  blood-flow  to  the  brain. 
Under  normal  conditions  this  is  the  factor  that  stands  in  most 
immediate  relation  to  that  appearance  and  disappearance  of  full 
consciou.sness  which  mark  for  us  the  limits  of  sleep.  A  similar 
view  Is  advocated  by  Hill,*  who  believes,  however,  that  the  regu- 
lation of  the  blood-flow  through  the  brain  is  effected  through  the 
vasomotor  control  of  the  splanchnic  area,  whereas  the  author's 
view  is  that  the  regulation  is  effected  mainly  through  \'ariations 
in  the  cutaneous  circulation.— that  is,  for  the  normal  occurrence 
of  sleep.  The  drowsiness  that  follows  a  heavy  meal  is  probably  due 
mainly  to  the  mechanical  effect  of  a  dilatation  of  the  blood-vessels  of 

*  Hin,  "The  Pby8iok>gy  and  Pathok>gy  of  the  Cerebral  arculation,"  Lon- 
don. 1896. 
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the  viscera  and  the  consequent  diminution  in  the  blood-flow  through 
the  brain;  but  the  sleep  tliat  ormira  at  the  end  of  the  day  is  un- 
doubtedly conne<rted  with  a  dilatation  of  the  hlood-V€»sse!s  of  the 
akin  of  the  trunk  and  extremities.  What  the  condition  in  the  vis- 
reral  organs  may  be  at  such  times  we  have  at  present  no  means 
of  knowing. 

Hypnotic  Sleep. — The  sleep  that  can  Iw*  prorhjced  by  so-called 
suggestion,  the  sleep  of  hypnotism,  has  been  .studied  by  means 
of  the  plethysmopraphic  method.*  The  result,  so  far  as  the 
volxime  of  the  arm  and  hand  is  concerned,  shows  that  in  this  con- 
dition, unlike  normal  sleep,  there  is  a  marked  diminution  in  volume, 
aiid,  therefore,  we  may  believe,  an  increased  constriction  of  the 
blood-vessels  of  the  skin.  This  obsen'ation  accords  with  the 
blanched  apfjearance  of  the  skin  of  the  extremities,  and  with  the 
statement  that  in  deep  hypnotic  sleep  the  akin  does  not  bleed 
readily  when  pricked  with  a  needle.  In  view  of  our  limited  knowl- 
edge, however,  it  would  be  hazardous  to  base  any  comparison 
between  normal  and  hypnotic  sleep  upon  this  single  fart. 

•  Wakten,  "American  Journal  of  Physiofogy/'  4,  124,  1900-1901. 
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CLASSmCATION  OF  THE  SENSES  AND  GENERAL 
STATEMENTS. 

Under  the  general  term  sense  organ  we  may  include  not  only 
ihe  pt*ri|>heral  organ  on  which  the  st'imiihis  acts,  but  also  the  sensoiy 
path  through  which  the  impulses  are  conveyed  to  the  central 
nervouD  system  and  tlie  cortical  center  by  means  of  which  the 
reaction  in  consciinisness  is  mediated. 

Classification  of  the  Senses. — In  general,  we  attempt  lo 
distinguish  the  various  sense  organs  by  the  tlifferences  in  their 
end  itviction  in  conscicuisness.  Each  gense  organ  give^  a  different 
Wnu\  of  response,  the  natuiT  and  distinctive  features  of  which 
are  recognized  subjectively.  The  conscious  sensations  are  said 
to  differ  in  quality  or  modality.  The  qualitative  difference  in 
Bomc  cases  is  ver>*  distinct, — the  difference  between  sensations  of 
sound  and  of  vision,  for  instance, — and  on  this  subjective  difference 
wo  base  our  efforts  to  give  specific  names  to  the  sense  organs  con- 
renied.  This  means  of  chu^sification  is  not,  however,  applicable 
in  all  cases,  ^^'hile  many  of  our  sensations  are  so  distinct  in  quahty 
that  wo  ran  recognize  them  and  name  tliem  without  difficulty^ 
others  are  of  a  more  obscure  character.  In  addition  to  our  sensa- 
tions of  vision,  hearing,  smell,  taste,  pressure,  temperature,  and 
pain,  there  are  doiibtless  many  other  sensations  whose  conscious 
n*action  is  less  distinct  in  quality  and  for  which  our  subjective 
means  of  recognition  and  classification  are  less  satisfactory*  or 
entirely  inadequate.  Such,  for  instance,  are  the  sensations  from 
the  in\isc!es.  fn)m  the  semicireidar  canals  and  the  vestibidar  sacs 
of  the  ear.  and  fntm  many  of  the  \isceral  organs.  For  the  recogni- 
tion and  cIiLssificatinn  of  these  senses  and  sense  organs  it  is  nece&- 
•iar>'  (o  fall  back  upon  the  methods  of  anatomical  and  ph>'siological 
iin/d\  wifi.  methods  which  in  many  respects  are  tmcertain.  So  also 
(he  iimitH  of  anv  sensation  of  a  given  quality  or  modality, 
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we  distinguish  certain  subqualitles.  In  vision  we  have  many  dif- 
ferent qualities  which  we  designate  by  special  names. — the  series 
of  different  colors,  for  example.  In  sound  sensations  we  distinguish 
different  tones  and  tlifferent  qualities  of  tones.  But  here,  again, 
Uie  subjective  mark  is  often  tn)  indistinct  in  consciousness 
that  it  cannot  be  usetl  satisfactorily  for  purposes  of  classifica- 
tion. In  tlie  odor  seasations  we  distinguish  many  diflferent  qiinli- 
lies,  each  recognizable  at  the  time  that  it  is  experienced,  but  their 
characteristics  are  so  fugitive  that  so  far  it  has  not  l>een  possible 
to  name  them  or  group  them  in  any  satisfactor>'  way.  In  studying 
the  qualities  of  the  various  sensations,  so  far  as  they  are  recogniz- 
able, the  effort  of  physiolog\'  has  l>reTi  to  connect  them  with  some 
definite  anatomical  or  physiological  peculiarity  in  the  sense  organs 
concerned.  The  final  explanation  of  the  differences  in  quality 
involves  a  study  of  the  nature  and  proi>erties  of  consciousness 
ilself, — a  subject  which  as  yet  luis  not  lieen  undertaken  by  physi- 
ology. At  present  we  accept  the  fact  of  consciousness  and  the 
fact  that  there  are  different  kinds  or  qualities  of  consciousness, 
and  our  investigations  are  directed  only  towani  ascertaining 
the  anatomical,  physirnl.  and  chemical  properties  of  the  organs 
involved  in  the  production  of  these  subjective  changes. 

In  fonner  times  it  was  customary*  to  divide  the  sensations  into 
two  different  groups, — the  special  and  the  common  senses, — the 
fonner  including  the  so-called  five  senses  of  man, — namely,  sight, 
hearing,  touch,  taste,  and  smell, — while  under  the  latter  were 
gTOup*»d  all  other  siMisations  of  U^ss  distinctive  qualities.  In  physi- 
olog>*  the  l>elief  that  man  has  only  five  special  senses  has,  however, 
long  been  abandoned.  The  sense  of  touch  as  ordinarily  understood 
has  been  shown  to  consist  of  two  or  rather  three  distinct  senses: 
pressure,  heat  and  cold,  and  the  sense  of  pain  exlubited  by  the 
Bkxn  is  in  all  essential  resi>ecta  as  si)ecial  and  characteristic  as  those 
just  named.  There  is,  however,  no  certain  standani  as  to  what 
shall  constitute  a  special  in  contradistinction  to  a  common  sense; 
so  that  a  classification  based  on  this  nomenclature  is  unsatis- 
factor>'.  In  one  resjject,  however,  our  senses  show  a  difference 
which  may  be  used  as  a  basis  for  di\iding  them  into  two  general 
groups.  This  difference  lies  in  the  manner  of  projection.  We  may 
sssume  that  all  of  our  sensations  are  aroiused  directly  in  the  brain. 
In  that  organ  take  place  the  final  changes  which  react  in  con- 
sciousness. But  in  no  case  are  we  conscious  that  this  is  the  case. 
On  the  contrarv',  we  project  our  sensations  either  to  the  exterior 
of  the  body  or  to  some  peripheral  organ  in  the  body,  the 
effort  being  apparently  to  project  them  to  the  place  where  experi- 
ence has  taught  us  that  the  acting  stimulus  arises.  We  may 
divide   the  senses,   therefore,  into   two  great   groups:     (1)  The 
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external  or  rather  the  exterior  senses,  or  those  in  which  the  sensa- 
tions ure  projected  to  the  exterior  of  the  body,  and  which  form, 
therefore,  the  means  through  which  we  become  acquainted  with  the 
out^side  world.  The  exterior  senses  include  sight,  hearing,  taste, 
smeil,  pressure,  and  temperature  (heat  and  cold).  (2)  The  internal 
or  interior  senses,  or  those  in  which  the  sensations  are  projected  to 
the  interior  of  the  body.  It  is  through  these  senses  that  we  acquire 
a  knowledge  of  the  condition  of  our  botly  and  perhaps  also  a  knowl- 
edge of  ourselves  as  an  existence  or  organism  distinct  from  the  ex- 
ternal world.  Among  the  interior  senses  wc  must  include  pain, 
muscle  sense,  tlie  sensiitions  from  the  semicircular  canals  and  ves- 
tibule of  t!ie  internal  ear,  hunger,  thirst,  sexual  sense,  fatigue,  and 
in  addition  perhaps  other  less  definite  sensations  from  the  visceral 
organs.  This  line  of  demarcation,  although  it  holds  so  well  in 
most  cases,  is  not  absolutely  distinctive.  The  temperature  sense, 
for  instance,  is,  so  to  apeak,  on  the  border  line  between  the  two 
groups;  we  may  projert  this  sensation  either  to  the  exterior  or 
to  the  interior  accortling  to  cireumstances.  When  the  temperature 
nerves  are  excited  simultaneously  with  the  pressure  ner\'e.s,  we 
project  the  sensation  to  the  exterior,  to  tlie  stimulating  body.  If 
the  skin  is  touched  by  a  hot  or  eokl  solid  object  we  speak  of  the 
object  as  being  hot  or  cold.  If,  however,  the  same  ner\'ei5  are 
stimulatetl  by  warm  gases  or  even  liquids  under  conditions  that 
do  not  involve  tlie  pressure  sense  we  refer  the  change  to  ourselves, — 
we  are  hot  or  cold,  as  the  case  may  be.  So  also  when  the  skin  is 
heateil  by  the  bloorl  the  resulting  sensation  is  projected  to.  the 
skin.  It  would  seeai  that  the  habit  of  projection  is  acquired  by 
exp<»rience,  anti  tliat  those  SBn.ses  whose  organs  are  habitually 
aiTeeted  by  objects  from  without  wc  learn  to  project  to  the  object 
giving  rise  to  the  stimulus. 

The  Doctrine  of  Specific  Nerve  Energies. — The  term  specific 
nerve  energy  we  owe  to  .lohiinnt^s  Miilk-r  (1S(}1-185S).  The  term 
is  in  some  respects  unfortunate,  as  at  present  in  the  physical  sci- 
ences the  word  energy  is  used  to  designsttf*  certain  specific  properties 
of  matter.  The  phrase  specific  nerve  energy  in  physiology, however, 
is  intended  to  designate  the  fact  that  each  sensorj''  unit  arouses  or 
mediates  its  own  specific  quality  of  sensation,  the  specific  energy  of 
the  optic  apparatus  l>oing  visual  sensations,  of  the  auditor}-  apparatus 
sound  sensations,  etc.,  and  each  sensor>'  nerve  or  apparatus  can 
give  no  other  than  its  o\\'n  quality  of  sensation.  "NVTiether  this 
gpecificity  in  the  reaction  of  each  sensor>'  ner\'e  is  due  to  some  pecu- 
liarity in  the  nerve  itc^elf  or  its  p(Ti[)lu'nil  end-organ,  or  to  a  pef'U- 
liarity  of  the  part  of  the  brain  in  wlii<'h  ii  terminates  Miiller  left 
an  open  question,  although  he  called  attention  to  the  fact  that 
the  central  ending  is  capable  of  giving  its  specific  effect  in  con- 
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sciousness  independently  of  the  conductinfc  nerve  fibers.  With 
regard  to  this  latter  question  the  opinions  of  physiolo^ts  still 
differ.  Most  physiologists,  perhaps,  adopt  the  view  that  the 
specific  reartion  in  conscioiisness  is  due  to  the  central  ending. — 
that,  in  other  words,  the  different  sensory  parta  of  the  cortex 
give  different  kinds  or  qualities  of  consciousness,  while  the  sensory 
ner\'C  fibers  are  simply  conductors  of  nerve  impulses,  which, 
however  much  they  may  differ  in  intensity,  are  qualitatively 
the  sjime  in  all  nerve  fibers.  Acronlin^  t^  this  view,  it  would 
rnsult.  as  du  Bois-Ilevmond  expresse*!  it,  that,  if  the  auditory 
nerve  fibers  were  attached  to  the  visual  center  and  t!ie  optic 
fibers  to  the  auditory  center,  we  wotdcl  see  the  thimiler  an*!  hear 
the  lightning.  Each  typical  sense-organ  from  this  standpoint 
consists  of  three  essential  parts:  the  central  ending,  which  deter- 
mines the  quality  of  the  scjisation;  the  peripheral  end-organ, 
retina,  cochlea,  etc.,  which  determines  whether  or  not  any  given 
form  of  stimulus  shall  he.  effective  and  which  in  most  cases  is  con- 
Btructed  so  as  to  be  responsive  to  a  special  form  of  stimulus  desig- 
nated as  its  adequate  stimulus;  and  of  connecting  neurons  whoee 
only  function  is  to  conduct  the  ner\'e  impulses  originating  in  the 
end-organ.  The  fact,  therefore,  that  the  li^rht  waves  can  stimulate 
the  rods  and  cones  of  the  retina,  but  arc  an  inadequate  stimulus 
probably  to  the  hair  cells  of  the  cochlea  or  the  taste  buds  of  the 
tongue,  is  due  to  a  peculiarity  in  fitructure  of  the  rods  and  cones; 
but  the  fact  that  the  impulses  conducted  by  the  optic  fibers  arouse 
a  peculiar  modality  of  sensation  is  not  due  to  any  j>eculiarity  in 
stpjcture  in  these  fibers  or  in  the  rods  and  cones,  but  to  a  charac- 
teristic structure  of  the  optic  centers.  The  positive  experimental 
evidence  for  the  correctness  of  this  ^lew  is  not  conclusive,  but,  on 
the  whole,  is  impressive.     Surli  facts  as  the  following  may  be  noted: 

1 .  Wlicn  sensory  nerve  fibers  are  stimulated  othen\  ise  than 
through  their  end-organs  each  reacts,  if  it  reacts  at  all,  according 
to  its  specific  energy,— that  is,  it  produces  its  own  quality  of  sensa- 
tion. A\Tien  the  optic  ner\'e  is  cut,  for  instance,  the  mechanical 
■Umulus  causes  a  flash  of  light;  when  the  chorda  tympani  is  stimu- 
lated in  the  tympanic  cavity  by  mechanical,  electrical,  or  chemical 
fltimidi  sensations  of  taste  arc  aroused. 

2.  Mechanical  pressure  upon  the  peripheral  nerves  distributed  to 
the  skin  may  cause  a  loss  of  some  of  the  cutaneous  senses  in  certain 

of  the  skin  vdth  a  n^tention  of  others.  Thus  the  senses  of 
pnoBure  and  temjierature  may  be  lost  and  that  of  pain  retainwl. 
or  pain  may  be  lost  and  pressure  retained.  Such  facts  agree  with 
the  view  that  each  sense  has  its  own  set  of  nerve  filK^i-s;  those  that 
m(Hliute  pain  can  not  by  a  mere  modification  of  the  stimulus  give 
also  u  sense  i)f  pressure. 

3.  The  only  objective  manifestation  of  a  ner\e  impulse  that  we 
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can  flturiy  in  the  nen-e  itself  is  the  electrical  chanpje  that  accom- 
panies it  or  that  perhaps  constitutes  its  essence.  This  electrical 
change  is  qualitatively  the  same  in  all  kinds  of  nen'e  fibers, and  this 
fact  aj^rees  with  the  view  that  the  nerve  impulse  is  qualitatively  the 
same  in  all  fibers. 

So  far  as  the  sensory  nerve  fibers  are  ronrcmed,  the  chief  ob- 
jection to  tills  view  of  the  doctrine  of  sfx^eific  nerve  energies  is 
found  |>erhap3  in  the  difficulty  or  impossibility  of  apj)lying  it  to 
the  explanation  of  color  vision.  According;  to  t!ie  strict  interpreta- 
tion of  the  view,  earh  fundamental  color  senstv,  being  distinct  in 
quality,  should  he  mcdtated  by  its  own  set  of  nerve  fibers.  WTien 
Heltnholte  first  fomiulated  his  theory  of  color  vision  he  spoke. 
therefore,  of  three  kiiitls  of  nerve  fibers, — the  red,  the  green,  and 
the  violet, — each  when  stimulated  alone  giving  its  own  specific 
sensation  and  not  capable  of  giving  any  other.  The  facts  accumu- 
lated regarding  color  vision,  however,  seem  to  show  that  this  view 
will  not  hold.  One  and  the  same  cone,  ^^*ith  its  connecting  fiber, 
may  give  rise  to  any  or  all  of  the  primar>'  color  sensations,  and, 
imlcas  we  choose  to  further  subdivide  the  nen*e  unit  and  assume 
that  the  separate  nerve  fil)ril3  of  which  the  axis  cylinder  is  composed 
constitute  the  separate  conductora  for  the  primary  sense  qualities, 
it  would  seem  to  be  imiwssible  to  apply  the  doctrine  of  sj^ecific 
energies  to  this  case.  Not  too  much  weight  should  be  gi\'en  per- 
haps to  this  objection.  For  it  must  be  remembered  that  all  of  our 
present  theories  of  color  vision  are  imsatisfactor>',  and  ix)ssibly 
when  we  attain  to  the  right  point  of  view  the  facts  may  not  be 
so  difficult  to  interpret  in  ternva  of  this  theory*  of  specific  energiea. 

The  alternative  view  proposed  in  place  of  the  doctrine  of 
specific  nerve  energies  assumes  that  the  nerve  impulses  may 
van*  in  quality  as  well  as  in  intensity,  and  that  therefore  one  and 
the  same  ner\'e  fiber  may  arouse  different  qualities  of  sensation  and 
have  different  end  effects  according  to  the  character  of  the  impulse 
conveyed.  This  point  of  view  is  not  capable  of  much  discussion, 
since  there  are  no  positive  facts  that  support  it.  It  is  logically 
satisfactory  in  meeting  the  cases  in  which  the  former  \dew  seems 
to  be  unsatisfactor>%  It  is  difficidt,  howe>''en  in  our  ignorance  of 
the  nature  of  the  ner\'e  impulse  to  imagine  in  what  respects  it  may 
possibly  differ  in  character. 

The  Wcber-Fechner  (Psychophysical)  Law. — One  difficulty 
that  has  been  encountered  in  the  physiological  study  of  sensor)' 
nerves  is  that  the  end  reaction  cannot  be  measured  with  exactness. 
With  efferent  nen'es  the  end  reaction  is  a  contraction  or  secretion 
that  can  be  estimated  quantitatively  in  tenns  of  our  physical  and 
chemical  units  of  measurement.  But  the  end  reaction  of  a  sensor}' 
nerve  is  a  state  of  consciousness  for  which  we  ha\e  no  standard  of 
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»incnt.  Weber,  in  studying  the  relation  between  the 
ijtth  of  the  stimulus  and  the  amount  of  the  resulting  sensation, 
ivailcHl  himself  of  the  method  of  the  least  iletectiljle  ehmip;e  in  t^en- 
siition;  that  is,  he  detennine<i  the  increase  in  stimulus  at  different 
IcveU  nereasan-  to  cause  a  just  perceptible  increase  in  the  sensation. 
By  means  of  this  methotl  he  arrived  at  the  significant  result  that 
the  increase  in  stimuhis  necessaiy'  to  cause  thia  change  is.  within 
physiological  limits,  a  definite  fractional  incrt^ment  of  the  acting 
stimulus.  If,  for  instance,  with  a  weight  of  30  gms.  upon 
the  finger  it  requires  an  increment  of  -^'j — that  is.  one  additional 
gram — to  make  a  just  perceptible  difference  in  the  jiressure  sensa- 
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FfC.  111. — Curvff  tn  iii<lic*t«  the  W^b«r-F«chn<>r  Uw  of  ■  loK&rithmica)  reUtiun  b«- 
tUMB  cxeiUtion  Mid  Miuiation. — (From  fVaiitr.)  The  exciUtiono  are  indicated  oions  the 
■iMBiiMS,  the  ReoflBtinnsalMnK  the  nrdinet4^.  The  increase  in  wnaation  inreiirrxented  iws  tak- 
hig  pleee  in  equal  atefM.  "itu^  minimul  it^n^ptilili-  difTertmoe,"  whil«  the  c«)rreMpt)n<lin| 
— gwariona  rei^t*  an  incrraaiuff  increment  nf  i  at  each  step,  namely  1.  1.3.3.  1.77.  2.37. 
•M.     ThftC  U,  for  ei)ual  increir<u]t8  ol  anaalioa  increaainc  inerementa  of  ttimulalion  am 


lion,  then,  with  a  weight  of  60  gms.  upon  the  finger  the  addition 
of  another  gram  would  not  be  perceived;  it  would  require  again  an 
increment  of  -^ — that  is.  2  gms. — to  make  a  just  perceptible  dif- 
ference in  sensation.  Tliis  relationship  is  known  as  Weber's  law, 
JVhilo  its  exactness  has  often  been  disputed,  it  seems  to  be  generally 
Imittod  that  for  a  median  range  of  stimulation  the  law  expresses 
the  approximate  relation  between  the  two  variables  considered. 
Fechner  attempted  to  give  this  law  a  more  quantitative  antl  ex- 
tensive application  by  assuming  that  just  perceptible  differences 
in  sensation  represent  actually  equal  amounts  of  sensation.  Ac- 
cepting this  assumption,  we  can  express  the  relationship  between 
stimulus  and  sensation  as  determined  by  Weber's  experiments  by 
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sa>dng  that  for  the  sensation  to  increase  by  equal  amounts, — that  is. 
by  arithmetical  progression,— the  stimulus  must  van-  according 
to  a  certain  factor,— that  is,  by  geometrical  progression.  The 
sensation  may  be  r^arded  as  a  geometrical  function  of  the 
stimulus.  If  the  relation  between  stimulus  and  sensation  is  repre- 
sented as  a  curve  in  which  the  ordinates  express  the  sensation  in- 
creasing by  equal  amounts,  and  the  abscissas  the  corresponding 
stimuli  increasing  at  each  intenal  by  J,  a  result  is  obtained  such  as 
is  represented  in  the  accompanying  figure  (Fig.  111).  Acuneof 
this  kind  is  a  logarithmical  cune,  and  Fechner  expressed  the  rela- 
tionship between  stimulus  and  sensation  in  what  has  been  called  the 
psychophysical  law, — namely,  tliat  the  sensation  varies  as  the 
logarithm  of  the  stimulus.  From  the  physiological  standpoint  it  is 
im]X)rtant  to  bear  in  mind,  as  has  been  emphasized  by  Waller,*  that 
several  steps  inter\*ene  between  the  action  of  the  external  stimulus 
and  the  production  of  the  conscious  sensation.  The  external  stim- 
ulus acts  first  on  the  end-organ,  this  in  turn  upon  the  sensorv'  nerve 
fiber,  producing  a  ner\-e  impulse  which  finally  in  the  brain  gives  the 
conscious  reaction.  It  is  a  question .  therefore,  whether  the  logarith- 
mical relation  of  the  stimulus  holds  between  it  and  the  reaction  of  the 
end-organ  or  }>etween  the  internal  stimulus — that  is,  the  sensory 
nene  impulse — and  the  psychical  reaction.  This  author  has  given 
some  facts  obtained  by  recording  the  action  current  in  the  optic 
nerve,  the  retina  being  stimulated  by  knowTi  intensities  of  light, 
which  indicate  that  the  relation  obser\'ed  is  between  the  external 
stimulus  and  the  internal  stimulus, — that  is,  the  sensory  nerve 
impulse. 

♦Waller,  "Brain,"  201,  ISSWSw 
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According  to  the  older  views,  the  sensorj'  uen^ea  of  the  skin  give 
tions  of  touch.  Modem  physiology  has  shouTi.  liowevor,  that 
nenes  mediate  at  least  four  different  qualities  of  sensation, — 
namely,  pressure,  warmth,  cold,  and  pain.  C>ur  t?o-callcd  touch 
sensations  are  usually  cuii»ix)und,  consisting  of  a  pressure  and  a 
tcmperatun*  roni|Kment  and  also  very  frequently  an  element  cf 
niiificie  sense  when  muscular  efforts  are  involved,  as,  for  ijistance,  in 
inc&suring  weights  or  rcKistaaces.  The  four  sensorx'  <juaHties  enu- 
merated constitute  the  cutaneous  senses,  and  they  arc  present,  or, 
to  Bpcak  more  accurately,  the  ner\-p3  through  v  hich  these  senses  are 
mediated  are  present  not  only  over  the  general  cutaneous  surface, 
but  also  in  thos<?  menibnines — such  as  the  niurous  nienihranc  of 
the  mouth  and  the  rectum  (stomodeum  and  prortodeum) — which 
etnbryologicjilly  are  formtMl  from  the  epiblast.  The  surfaces  in  the 
interior  of  the  body,  on  the  contrur\', — such  as  the  memliranc^s 
of  the  alimentary  canal,  muscles,  fascia*,  etc., — have  only 
nerves  of  pain,  but  no  sense  of  tourh  or  temperature.  Of  these 
cutaneous  senses,  three — pressure,  warmth,  and  cold^may  be 
grouped  with  the  exterior  senses,  the  sensiitions  being  projected  to 
the  exterior  of  the  Iwdy.  into  the  sul>stancc  causing  the  stimulation; 
although,  as  was  mentioned  ulx»ve.  the  temperature  J^eusations 
under  conditions — fever,  vas<'ular  dilatation,  etc. —  may  be  pro- 
jected to  parts  of  the  skin  itself  and  l)e  felt  as  changes  in  ourselves. 
The  temperature  sensations  are,  hi  fact,  projected  to  the  exterior 
whenever  they  are  combined  with  pressure  sensations,  the  latter 
serving,  as  it  were,  as  the  dominant  sense.  The  pain  sense,  on  the 
other  hand,  belongs  to  the  group  of  interior  senses,  the  sensations 
being  always  projected  into  our  own  botly  and  being  felt  as  changes 
in  ourselves.  In  the  matter  of  the  classification  of  the  cutaneous 
rpnses  and.  indeed,  the  body  senses  in  general  a  new  point  of  view 
been  suggested  by  Head  and  Rivers.*  These  authors  ma^lc  a 
careful  study  of  the  loss  of  sensations  after  division  of  the  cutaneous 
nerves,  and  of  the  subsequent  gradual  and  separate  return  of  these 
sensations  ft»llowing  upon  suture  of  the  divide<l  enils.  They 
hnd  that  in  skin  areas  made  completely  anesthetic  there  is  present 
*Head  and  Rivens.  "Brain/'  IIH)5,  9tt. 
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Sep  or  subcutaneous  seaaflafitjr  to  picaBuie  and  movemeBts. 
■ttsibtfity  which  must  be  mediated  through  aatsory  fibers 
atDed  in  the  nerves  to  the  muscles.  In  the  akin  itfetf  then 
present  two  kiode  of  eensory  fibers.  One  rariety  con\-ers 
of  pain  and  of  extresne  changes  in  temperature,  bist 
the  aensatkiiis  are  impenectly  localued.  This  kind  of  sensaUoa 
ii  found  in  the  vierera  nh^t.  and  it  may  be  coosadered  from  the 
functional  standpoint  as  a  defensive  agency  toward  pathological 
changes  in  the  ti^uc^:  it  is  designated  as  prdopaikic  sensibility. 
The  second  f^roup  of  fibers  responds  to  stimulations  by  li^ht 
pfffSBiiKB  and  small  difference  in  temperature.  Tbeee  filiere 
regeDerale  after  le^inn?  much  more  sknrfy  tb-an  the  protopathic 
varietv,  and  since  the  sensations  mediated  bv  them  are  localixed 
yBTY  exactly  tbe>'  furnish  us  the  means  for  making  fine  diecTim- 
inatioQS  of  touch  and  temperature.  For  this  reason  they  are 
described  as  an  rpirntir  :^\-£tem  and  the  romee^mnding;  sen^satlons 
are  desi^mated  as  epioriiic  aensibtlity.  This  sAstem  of  fibers  is 
not  found  in  the  other  organs*  and  it  eonstitutes.  therefore,  the 
special  characten:stic  of  the  skin  area. 

The  Punctiform  Distribution  of  the  Cutaneous  Senses. — 
A  most  interestinje  fact  in  re^gaid  to  the  cutaneous  senses  is  that 
they  are  not  distributed  uniformly  over  the  whole  skin,  but  are 
present  in  discrete  points  or  spots.  This  fact  was  first  clearly 
establiahed  by  Blix  *  althoiig:h  it  u-as  discovered  independently 
by  GoldBcheider  and  in  this  countn'  by  Donaldson.  These  ob- 
serveis  psid  attention  chiefly  to  the  warm  and  cold  spots.  The 
existence  of  these  spots  may  be  denKHistrated  easil>*  by  anyone 
upon  himself  by  moving  a  metallic  point  gently  ovo'  the  sidn. 
If  the  point  has  a  temperature  below  that  of  the  skin  it  will  be 
noticed  that  at  certain  spots  it  arouses  simply  a  feeling  of  contact 
or  pressure,  while  at  other  spots  it  gives  a  distinct  sensation  of 
coldness.  If,  on  the  other  hand,  the  point  is  warmer  than  the 
skin  it  s\ill  at  certain  spots  give  a  sensation  of  warmth.  On  mark- 
ing the  colfl  and  warm  spots  thus  obtained  it  is  found  that  they 
occupy  different  positions  on  the  skin.  Elaborate  charts  have 
been  made  of  the  warm  and  cold  spots  on  different  rc!;gions 
of  the  skin,  the  apparatus  usually  employed  being  a  metal 
tul>c  through  which  water  of  any  desired  temporatuir  may  be 
circulated.  The  temperature  of  the  skin,  whatever  it  may  he, 
forms  the  zero  line:  any  object  of  a  higher  tcmpcrat\ire  stimulates 
only  the  warm  spots,  while  one  of  a  lower  temperature  acts  upon 
the  coI<l  spots.  The  pre^eaire  sense  and  the  pain  sense  are  also 
distribute*!  in  a  punctiform  mAnner;  they  have  been  studied  most 

•  BHx.  "Zfilschrift  f.  Biolofiie."  20.  141.  1.SS4;  DonaWwn,  "BCod."  99 
1,  1885.     Sw  alv>  Cioldsclipiiler.  ".\rrhiv  f.  Physiologic,"  1886,  suppL  roll 
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carefully  by  von  Frey.*  To  determine  the  location  of  the  pressure 
point*  he  used  fine  hairs  of  different  diameters  fastened  to  a  woofien 
handle.  The  orosp-areas  of  these  liatrs  are  detemiinwi  by  nieasure- 
nients  under  the  micro«cope,  and  the  pressure  exerted  by  each  is 
measured  by  pressing  it  upon  the  Hcule  pan  of  a  balance.  The 
quotient  of  the  pressure  exerted  ilividwi  by  the  cros&-arca  of  the 


hiur  in  square  millimeters. 


reduces  the  pressure  to  a  uniform 


a  •       ■    • 


I^C-   112- — HepreiHiUticm  of  th«  dintribtition  of  etjld  and  wann  >poU  on  th»  vol«r 
— ifaaa  ul  foraano  m  a  apace  2  cnuu  by  4  ctnti.     llie  red  iloto  repnoent  Uw  ixild  spote  as 
'  ftt  a  temperatun  of  10**  C.     Tbe  black  doia  iiiirinnnt  the  wann  spots  aa  tostad  at  a 
of  41*  to  48-  C. 


unit  of  area.  For  the  pain  points  fine  needles  may  be  employed 
or  stiff  hairs  similar  to  thase  used  for  the  pressure  point*.  From 
the  experiment*  made  there  seems  to  be  no  doubt  that  each  of 
the  four  cutaneous  senses  has  its  o\v'n  spots  of  di.s»ribution  in  the 
skin,  those  for  pain  being  most  numerous  and  those  for  warmth 
the  least  numerous.  There  is  some  reason  for  believing  also  that 
the  nerve  endings  mediating  the  pain  sense  lie  most  superficially 
in  the  skin  antl  those  for  the  warm  sense  the  deepest. 

•  VoD  Fn^y.  "  KOnijcl.  Snchm«hen  f^wlltwUhft  dor  W!ft'«»acliafU'n.    Malh.- 
pbyii.  Kimm^/'  I894-rt:>-96 
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Specific  Nerve  Energies  of  the  Cutaneous  Nerves. — Many 

atiompts  have  lxK*n  mntle  to  determine  ulicther  the  doetrinc  of 
specific  nerve  energies  applies  to  these  riitaneoua  senses;  that  is, 
whether  each  sense  han  its  own  Tier%'e  filxTg  cupablc  of  giving  only  its 
own  tjimlity  of  sensation.  The  e\iilen('e,  on  the  whole,  is  favorable 
to  this  \iew.  Aeconlintr  to  some  ohserAers,  eieetrieal  or  mc^ehunical 
stimiilation  of  the  ditTorent.  pfiinta  calls  forth  for  each  its  character- 
istic reaction.  Donalrlson  has  found  that  cocain  applied  to  the 
eye  or  throat  destroys  the  senses  of  pain  and  pressure,  but  leaves 
thttse  of  lieat  and  etild.  which  asjnin  i^npports  the  view  of  separate 
iilH'fs  for  each  sense.  In  atidilion  (here  are  a  number  of  interesting 
pathological  castas  which  point  in  the  same  direction.  In  some 
lesions  of  the  cord — ^syringomyelia,  for  instance — the  senses  in  the 
skin  of  the  piirts  Iielnw  are  dissociated.^ — that  is.  there  may  Iw  loss 
of  pain  and  trni|x^rature  in  a  {<  rtnin  area  \uth  a  retention  of  the 
pressure  sense  — a  fact  which  inrliratcs  that  these  senses  have 
separate  paths  and  therefore  separate  nen'c  libers.  Still  more 
interesting  cases  of  dissociation  arc  reported  as  the  result  of  the 
compression  of  j>cnpheral  ner\'e- tnmks.  Thus,  Barker*  describes 
his  t)vvn  ciLse.  in  which,  as  the  result  of  the  pressure  of  a  cen-ical 
ril)  ujK)n  some  of  the  cords  of  the  brachial  plexus,  there  was  a  region 
in  the  arm  lacking  in  the  pressure  and  teni|>erature  senses,  but  retjiin- 
ing  the  sense  of  pain.  He  quotes  other  cases  in  which  the  reverse 
dissociation  occurred,  pressure  senst^  alone  remaining.  The  simplest 
explanation  of  these  facts  is  the  view  that  each  pressure,  pain, 
warm,  and  cold  spot  is  siipplip<l  by  its  own  nerve  fiber,  and  that 
each,  when  sfimnlated.  reacts,  if  it  reacts  at  all,  only  with  its  own 
peculiar  quality  of  sensation.  According  to  this  view,  artificial 
stimulation,  if  properly  controlled,  of  the  trunks  of  the  ner\*es 
supplying  the  skin  should  be  capable  of  bringing  out  these  different 
sense  qualities.  Experiments  ma*le  nith  this  point  in  view  have 
not,  however,  been  ver>*  successful.  Mechanical  or  electrical  stimu- 
lation of  the  ulnar  nen*e.  for  instance,  gives  usually  only  pain  sensa- 
tions, although  if  the  stimulus  is  feeble  contact  sensations  are 
aroused.  The  method,  however,  is  probably  at  fault.  In  the  case 
of  amputated  fingers  or  limbs  a  more  decisive  result  is  obtained. 
As  is  well  known,  individuals  after  such  operations  may  for  many 
years  have  sensations  of  their  lost  fingers  or  hinlxs.  In  such  crises 
the  pressure  in  the  stump  of  the  wound  acting  upon  the  central 
ends  of  the  sensory  fibers  arouses  sensations  which  arc  projected 
in  the  usual  way,  and  give  the  feeling  that  would  be  ex] 
if  the  lost  parts  were  still  there  and  were  stimulated  in  the 
manner. 
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The  Temperature  Senses.  -The  main  facts  regarding  liie 
dislribvition  of  heat  an<l  cohl  spots  have  been  deterniined.  In  gen- 
end,  the  cold  spot43  are  more  numerous  than  the  warm  spots,  and 
rettet  more  promptly  to  their  adequate  stimulus.  The  cold  six)t^ 
or  the  cold  sense  may  \)e  present  in  places  devoid  of  the  sense  of 
warmth;  thus,  it  is  said  that  the  glans  penis  possesses  onl>-  The 
<X)ld  sense.  The  threshold  stimulus  varies  also  in  different  parts 
of  the  skin,  the  tip  of  the  tongue  requiring  the  smallest  stimulus 
to  arouse  a  sensation,  and  the  eyelids,  forehead,  t'heoks,  lips,  limbs, 
and  trunk  following  in  the  order  immed.  AccortUng  to  ( loldscheider, 
the  spots  on  most  portions  of  the  skin  form  chains  thai  have  a  some- 
what radiate  arrangement  with  reference  to  the  hair  follicles.  The 
temperature  points  possess  each  its  adequate  stimulus,  that  for  the 
cold  spot  being  temperatures  lower  than  the  skin  or  of  the  terminal 
on^an  of  the  cold  ner\'es.  that  for  the  heat  spots  temperatures  higluT 
than  their  own.  Apparently,  therefore,  one  end-organ  is  excite*! 
by  a  diminution  in  the  atomic  movements  of  its  organ,  and  the 
other  by  an  increase.  Nothing  Ls  known,  however,  of  the  exact 
nature  of  the  stimulating  process.  From  the  standpoint  of  specific 
ner\*e  energies  it  is  most  interesting  tn  find  that  these  points,  particu- 
larly the  cold  spots,  may  be  stimulat<'d  by  other  than  their  adequate 
stimuli.  Mechanical  and  electrical  stimulation  has  in  the  hands  of 
several  obscrv'era  been  efficient  in  causing  a  sensation  of  cold  upon 
a  cold  spot  and  of  heat  upon  a  warm  spot.  iSome  chemical  stimuli 
are  also  effective.  Menthol  applied  to  the  skin  gives  a  cold  sensa- 
tion, while,  on  the  other  hand,  if  the  arm  be  plunged  into  a  jar  of 
carbon-dioxid  gas  a  distinct  warm  sensation  will  be  exp>eriencetl. 
A  curious  effect  of  this  kind  is  what  Ls  known  as  the  paradoxical  cold 
reaction.  It  is  produceil  by  applying  a  ver>*  warm  nbjert.  with  a 
temperature  of  40°  to  60°  C,  to  a  cold  spot.  In  many  cases  this 
spot  is  stimulated  and  a  cold  sensation  is  felt.    The  same  result 

ly  be  felt  at  the  instant  of  entering  a  hot  bath.     Many  efforts 

kve  been  made  to  determine  whether  there  is  a  specific  kind  of 
end-organ  for  each  of  these  senses.  Numen^us  obser^'ers  have 
cut  out  the  skin  from  cold  or  hot  spots  and  examined  the  removed 
part  carefully  by  histological  methods.  The  general  result  has  been 
ihat  no  distinctive  end-organs  have  been  found.  \'on  I'rey,  how- 
ever, believes  that,  although  the  heat  spots  are  supplied  simply 
by  a  terminal  end  plexus,  the  cold  spots  in  some  places  at  least  have 

a  special  end-organ  the  end-bulbs  of  Krause,    This  conclusion  is 
upon  the  fact  that  these  end-bulbs  are  found  in  places,  such 

the  glans  |x»nis  and  conjunctiva,  where  the  cold  sense  is  espe- 
cially prominent  or  exclusively  present. 

The  Sense  of  Pressure. — The  pressure  points  are  smaller  and 
more  numerous  than  the  cold  or  warm  spots.     Von  Frey  has  shown 
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that  in  those  portions  of  the  ho<ly  thivt  are  supplied  with  luiirs 
the  pressure  points  lie  over  the  hair  follicles.  The  pressure  nen'e 
fibers,  in  fact,  terminate  in  a  ring  surrounding  the  hair  folliele, 
this  form  of  termination  serving  as  an  end-organ.  On  account  of 
their  position  they  are  stimulated  by  any  pressure  exerted  upon 
the  hair.  The  hair,  indeed, acts  like  a  lever  and  transmits  any  pres- 
sure applied  to  it  witli  increased  intensity,  acting,  therefore,  as  re- 
gards the  pressure  fjrgan  somewhat  like  the  ear-bones  in  the  rase 
of  the  endings  of  the  auditorv'  nerve.  In  parts  of  the  body  not 
funiishetl  with  hairs  the  tactile  or  Meissner  corpuscles  are  found 
anil  these  stnictures  doubtless  function  as  pressure  end-<irpan8. 
They  are  particularly  abundant  in  the  parts  of  the  hand  and  feet  iu 
which  a  delicate  sense  of  pressure  is  present  in  spite  of  a  much  thick- 
ened ei>idennis.  It  has  bevn  estimated  that  for  the  entire  surface 
of  the  body,  exclutling  the  head  region,  there  are  about  500.000 
of  these  pressure  points.  These  points  are  close  together  on  those 
parte,  such  as  the  tongue  and  fingers,  which  have  a  delicate  tactile 
sense  and  more  ^^^dely  scattered  where  the  sense  is  less  developed. 
The  Threshold  Stimulus  and  the  Localizing  Power. — The 
delicacy  of  the  sense  of  pressure  may  be  measured  by  delenniuing 
the  minimal  jiressure  necessary  to  annise  a  sensation, — that  is, 
the  threshold  stimulus, — or  it  may  be  estimated  in  terms  of  the 
power  of  discriminating  two  contiguous  stimuli,— that  is,  the  mini- 
mal distance  that  two  points  must  be  apart,  in  order  for  the  sensa- 
tions U\  bi*  recr>gnized  as  dislirict.  The  two  metlKxls  of  measvire- 
nicnt  do  not  coincide.  As  determined  by  the  threshold  stimulus, 
the  greatest  delicacy  is  exhibiteii  by  the  skhi  of  the  face,  the  fore- 
head, and  temples.  According  to  the  older  methods  of  measure- 
ment, tlio  forehead  will  perceive  a  pressure  of  2  mgs..  while  the  skin 
of  the  tips  of  the  fingers  needs  a  pressure  of  from  5  to  15  mgs.  to 
arouse  a  |H'rcef)til>le  sensation.  The  back  of  the  hand  or  the  arm 
is  more  sensitive  from  this  standpoint  than  the  tips  of  the  Engers. 
Wlien  measured  by  the  power  of  discriminating  two  points — 
that  is.  the  localizing  sense — the  tips  of  the  fingers  are  far  more 
sensitive  than  the  skin  uf  the  face  or  of  the  arm.  This  latter  prop- 
erty, in  fact,  stands  in  relation  to  the  closeness  of  the  pressure 
points  to  one  another.  The  localizing  sense  may  be  determined 
by  Weber's  method  of  using  a  pair  of  compasses  with  blunt  points. 
For  any  given  area  of  the  skin  the  power  of  discrijnination  or  local- 
ization is  expressed  in  terms  of  the  number  of  millimeters  between 
the  two  |>oints  at  which  tfiey  arc  just  distinguished  as  two  separate 
sensations  when  applied  simultaneously  to  the  skin.  Instruments 
made  for  this  pur|Kise  are  designated  as  esthesiometers.  Tliey 
carry  two  |x>ints  the  distance  of  which  apart  can  be  readily  adjusted 
ami  rea<i  off  on  a  scale.     The  most  satisfactoiy^-  form  of  esthesiom- 
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etcr  i.s  that  devised  by  von  Froy.  The  two  point:^^  in  this  ciifio  are 
made  by  long,  rather  stiff  hairs  whose  pressure  can  be  made  quite 
uniform.  Accorrling  to  the  older  measurements,  the  loeulizing 
sense  of  different  parts  of  the  skin  varies  greatly,  as  is  shown  by  the 
accompanying  tabic: 

Tip  of  the  tongue 1.1  mma. 

Tip  of  finger,  palmtir  surface 2.3  " 

Se<y>nd  phalanx  ringer,  palmar  surface 4.5  '* 

Kirst  plmlimx  fitigcr.  palinnr  surface 5.A  '* 

TliirU  phaUux  Hnger,  dorRal  gurfiice 6.8  " 

Middle  of  palm ..Sto9     " 

Second  phalanx  finger,  doreol  surface 1 1.3  " 

Forehead .   T2.6  " 

Backof  thehand 31.fi  " 

Forearm 40.ti  " 

Sternum .45  " 

Alone  iho  spine .54  " 

Middle  of  neck  or  book 67.7  " 

The  tips  of  the  tongue  and  the  fingers  are,  therefore,  the  most 
delicate  surfaces,  and  that  the  tongue  surpasses  the  fingers  in  this 
respect  is  easily  within  the  experience  of  ever\'one  who  will  recall 
the  ease  with  which  small  objects  between  the  teeth  are  detectcti  by 
the  tongue  as  compared  with  the  fingers.  From  the  above  data  it 
is  evident  also  that  the  whole  skin  may  be  imagine*.!  as  composed 
of  a  mosaic  of  areas  of  different  sizes,  the  sensor>'  circles  of  Weber, 
in  each  of  which  two  or  more  simultaneous  stimulations  of  the  pres- 
sure neT\'cs  give  only  one  pressure  sensation.  The  size  of  these 
anus,  particularly  where  they  are  large,  may  be  nxluced  by  practice, 
as  is  shown  by  the  increaseil  tactile  sennibility  of  the  blind.  The 
fact  that  we  can  recognize  two  simultaneous  pressure  stimuli  of  the 
skin  as  two  distinct  sensations  implies  that  the  two  sensations  have 
some  recognizable  difference  in  consciousness.  This  difference  is 
spoken  of  as  the  local  sign.  We  may  believe  tliat  ever>'  sensitive 
point  upon  the  ^*kin  has  its  own  distinctive  local  sign  or  quality, and 
that  by  experience  we  have  learned  la  project  each  local  sign  more 
or  le»accuratel\'  to  its  proper  place  on  the  skin  surface.  Two  points 
on  this  surface  that  are  a  great  distance  apart  are  easily  recognized 
aa  different;  but  as  we  bring  the  point^j  closer  together  the  difference 
becomes  less  marked  and  linally  disapi^ears  when  the  <listance 
rorresponds  to  the  area  of  the  8t»nsory  circle  for  the  part  of  the  skin 
investigated,  for  instance,  1  mm.  for  the  tongue.  22  nuns,  for  the 
forehead,  etc.  ITie  ultimate  limit  of  the  power  of  discrimination 
WB8  aasumed  by  Weber  to  de[H*nd  upon  the  area  of  distribution  of 
a  single  nerve  fiber.  Assuming  that  each  nerve  fiber  at  its  termi- 
nation spreads  over  a  certain  skin  area,  it  was  suggested  that  the 
sixe  of  this  area  fortus  a  limit  to  the  power  of  dis(*riminatioD. 
sioce  two  stimidi  within  it  would  affect  a  single  fiber  and  therefore 
would  give  a  single  sensation. 
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This  view,  however,  has  not  l»t*en  f>Lip|x>ised  to  uccord  with  the 
facts  even  when  the  additional  siip)K>pitu)n  was  made  that  the  local 
signs  of  two  adjacent  fibers  may  not  be  dUtinct  enough  for  us  to 
recognize  them  as  separate  and  that  practic^Uy  there  must  be  a 
number  of  intervening  unstimulated  areas,  the  number  \'ar>ing 
according  to  the  sensitiveness  of  the  an?a.  Von  Frey  has,  however, 
given  a  new  metliotl  of  testing  the  localizing  sense  of  tlie  skin,  the 
results  of  which  swm  to  accord  with  this  anatomical  explanation. 
If  instead  of  applying  the  two  point.s  gimultaneously  they  are 
applied  in  succession,  at  an  interval  of  one  second,  the  indi\'idual  can 
distinguish  the  difPerence  when  two  neighboring  [)re8sure  points  are 
stimulatt^d.  Each  pressure  point  in  tlu-  skin.  tlitTcfore.  has  a  local 
sign,  which  enables  us  to  distinguish  it  fmm  all  others,  and  by  this 
method  the  ultimate  sensory  circles  on  the  skin  become  much 
smaller  than  when  measured  bj'  the  usual  method  of  Weber.  The 
center  of  each  ih  a  pressure  point  and  the  area  is  determined  by  the 
distance  from  this  center  at  wliich  an  isolated  stimulation  of  this 
point  can  be  obtained.  Tt  seems  probable,  inon'over,  that  each  of 
these  pressure  {xjints  is  connectctl  tu  the  brain  by  a  separate  nerve 
path,  possibly  a  single  fil>er,  anil  that  this  anatomical  arrangement 
delenuines  the  limitation  of  the  localizing  sense  for  different  regions 
of  the  skin. 

The  Pain  Sense. — Pain  is  probably  the  sense  that  is  most  \\idely 
distributed  in  tfie  Iwdy.  it  is  present  throughout  the  skin,  and 
under  certain  conditions  may  be  aroused  by  stimulation  of  sensorj* 
ners'es  in  the  various  visceral  organs,  and  in(iee<l  in  all  of  the  mem- 
branes of  the  body.  Our  knowledge  of  the  physiological  projx»rties 
of  the  end-organs  and  nerves  mediating  this  sense  is  clfH^Hy  limited 
to  the  skin,  and  for  cutaneous  pain  at  least  the  evidence,  as  stated 
abo\'c.  is  very  strongly  in  favor  of  the  view  that  there  exists  a  special 
Bel  of  fibers  whicli  have  a  specific  energy  for  pain,  All  recent  ol>- 
servers  agree  that  the  pain  sense  has  a  pum?tiform  distribution  in 
the  skin,  the  pain  [xunts  being  even  more  ntnnerous  than  the  pre»- 
sun*  points.  The  threshoki  stiuudus  of  these  points  in  various 
regions  may  l>e  deterriiini'd  b\'  von  Frey'a  stimulating  hairs,  and 
exfx^riments  of  this  kind  sliow.  as  we  should  ex(>ect,  that  it  varies 
greatly.  The  coniea,  for  instance,  gives  sensations  of  pain  with 
much  weaker  stimuli  than  in  the  case  of  the  finger  tips.  lu  general, 
however,  the  threshold  stimulns  i.s  much  higher  for  the  pain  than 
for  the  pressure  points.  Hi.slological  examination  of  the  pain  |x»ints 
indicates  that  there  is  nr*  sfHieial  end-organ,  the  stimulus  taking 
effect  u(M)n  the  free  endings  of  the  nerve  iilx^rs.  Any  of  the  usual 
forms  of  artificial  ner\'e  stimuli  may  affect  these  endings  if  of  suf- 
ficient intensity,  and.  as  is  well  known,  stimuli  applied  to  senson* 
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nerve  tnmks  afifect  these  fibei-s  with  especial  ease.  A  temperature 
of  5()*  to  70*^  C,  applie<l  to  an  afferent  nerve  will  cause  \'iolont  pwn 
sensations,  but  has  no  effect  uix)n  the  motor  ner\'e  fibers  in  the  name 
tmnk.  Mechuniral  stimiiliUion  gives  usually  only  [min  sensations, 
and  the  results  of  inflammatory  changes,  as  in  nctiritis  or  neuralgia, 
arc  equally  marked. 

LoctilUation  or  Projection  of  Pain  ScnsinU'oris. —Vnder  normal 
conditions  cvitant»ou3  i)ains  arc  projected  with  accuracy  to  the  point 
stimulated,  and  it  is  possible  that  this  result  is  due  in  part  at  least 
to  the  training  acquired  in  connection  with  concomitant  (epicritic) 
pressure  sensations,  the  latter  acting  as  a  guide  or  aid  in  the  pro- 
jection. Thvis  in  the  cases  referred  to  above,  in  which  a  portion 
of  the  skin  had  lost  the  sense  of  pressure  and  teniperulure.  but 
retained  that  of  pain,  it  was  found  that  the  localization  wils  very 
incomplete.  Pain  arising  in  the  internal  organs,  on  the  contrary, 
is  locate^l  ver>'  inac<-urately.  The  pain  from  a  severe  toothache, 
for  example,  may  !:«  projected  quite  diffu-^ely  to  the  side  of  the  face. 
A  ver\'  interesting  fact  in  this  connection  is  tliat  such  pains  are 
often  referred  to  points  on  the  skin  and  may  Ije  accompanied  by 
skin  areas  of  tenderness.  Pains  of  this  kind  that  are  misreferred 
to  the  surface  of  the  body  arc  designated  as  refiectetl  pains.  It  has 
been  shown  by  Head  *  and  others  that  the  different  visceral  organs 
have,  in  this  respect,  a  more  or  less  definite  relation  to  certain 
areas  of  the  skin.  Pains  arising  from  stimuli  acting  upon  the 
intestines  are  located  in  the  skin  of  the  back,  loins,  ami  abdomen 
in  the  area  supplied  by  the  ninth,  tenth,  and  eleventh  dorsal 
spinal  nerves;  pains  from  irritations  in  the  stomach  are  located 
in  the  skin  over  the  ensiforra  cartilage;  those  from  the  heart  in  the  j 
scjipular  region,  and  so  on.  The  explanation  offeretl  for  this 
nusreference  is  that  the  pain  is  referred  to  the  skin  region  that  is 
supplieil  from  the  spinal  segment  from  which  the  organ  in  question 
receives  its  sensory  ril>ers.  the  mLsreference  being  due  to  a  iliffusion 
in  Ow  nerve  centers.  As  Head  expresses  it.  "  when  a  painful 
stimulus  is  applied  to  a  part  of  low  sensibility  in  close  central 
connection  with  a  part  of  much  greater  sensibiUty  the  pain  pro- 
duced is  felt  in  the  part  of  higher  sensibility  rather  than  in  the  part 
of  lower  sensibility  to  which  the  stimulus  was  actually  applied." 
It  is  interesting  that  affections  of  the  serous  cavities — c.  g.,  the 
peritoneum — do  not  cause  reflected  pains  or  cutaneous  tenderness 
aa  in  the  caae  of  the  viscera.  Another  notable  fact  in  this  connec- 
tion is  the  occurrence  of  the  condition  known  as  allochiiia.  When 
from  any  cau.^  one  or  other  of  the  cutaneous  senses  Ls  depressed 
in  a  given  area  stimulation  in  this  region  may  give  sensations 
which  are  referred  to  the  sAmmetrical  area  on  the  other  side  of 
•Head.  "Brain/'  16.  1.  1893,  and  24.  345,  1001. 
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the  body,  or,  if  this  &hso  is  involved,  it  may  be  re£ervBd  i 
next  above  or  below  in  the  spina!  order.    The  above  kw 
to  which  projection  Is  mude  to  the  area  of  high  een&bslKtT  : 
clrxfcly  ronnec'tcd  with  the  area  of  low  ^sensibility.  seeai£  to 
in  this  case  al>*o. 

The  Muscle  Sense.— Tlie  exist<?nfe  of  a  special  «i  oi 
nen-e  fibers  <iii*tributed  to  the  muscles  was  ticarly 
some  of  the  older  ph>-Miolog;i8ts.  Chark«  Hell,*  for  t^nfnji^ 
•*  Jietween  the  bruin  and  the  muscles  there  is  a  circle  of 
ner\'c  conveys  the  influence  from  the  brain  to  the  musde; 
gives  the  sense  of  the  condition  of  the  muscle  to  the  braxn.' 
conclusive  proof  of  the  existence  of  such  fibers,  howe\*er,  hM  <alf 
been  fumished  within  recent  years.  It  has  been 
that  there  are  sfX'iial  8enjwjr>'  endings  in  the  muscles,  tlie 
muscle  spindles,  and  in  the  attached  tendons,  the  tendon 
or  tendon  organs  of  (tolgi.  The  muscle  spindles  are  found 
frequently  in  the  neighborhood  of  the  tendons,  at  tendizMxia 
sections  or  tinder  afxjneuroses.  Sherringtonf  has  sho\Mi  that  the 
nerve  fibers  in  them  do  not  degenerate  after  section  of  the  antcnor 
roots  of  the  corresponding  spinal  nen-es  and  are  therefore  derrred 
from  the  posterior  roots.  In  the  mascles  of  the  limbs  he  eedmateB 
that  from  one-half  to  one-third  of  the  fibers  in  the  muscular  nerve 
branches  are  sensory,  and  that  most  of  these  senson.-  fibers  end  in 
the  muscle  spindles.  (>n  the  physiological  and  clinical  side  facts  of 
various  kin<is  have  accumulated  that  make  clear  the  existence  of 
this  group  of  sensory  fibers  and  emphasize  their  essential  importance 
hi  the  co-ordination  of  our  muscular  movements.  It  has  been  shown 
that  stimulation  of  the  nen'cs  dij^tributed  to  the  muscles  or  mechajil- 
cul  stimulation  of  the  muscles  themselves  causes  a  depressor  effect 
upon  blood-pressure,  thus  demonstrating  the  presence  of  afferent 
fibers  in  the  muscles.  As  described  in  the  section  upon  the  central 
nervous  system,  the  numerous  experiments  upon  the  effect  of  section 
of  the  posterior  and  lateral  columns  of  the  cord  and  obser\ations 
upon  the  re^sults  of  pathologic^il  lesions  of  the  posterior  columns 
(tabes  dorsalifi)  give  results  which  are  interpreted  to  mean  that  fibers- 
of  muscular  sensibility  form  the  most  imixjrtant  group  in  the 
posterior  columns  and  constitute,  as  well,  perhaj^e.  the  long,  ascend- 
ing fibers  in  the  tracts  of  Fiechiiig  and  Clowers  in  the  lateral  col- 
umns. It  is  Ijelieved.  therefore,  that  our  so-callecl  voluntar}-  muscles 
are  richly  supplied  with  afferent  fibers  and  that  the  impulses  carried 
by  these  filx^rs  to  the  brain  are  necessar>-  for  the  proper  contraction 
of  the  muscles  and  particularly  for  the  a<lequatc  combination  of 
the  contractions  of  groups  of  muscles  in  the  co-ordinatetl  mov 

•  IV'II,  "The  Ncrvoua  Syflt<*ni  of  the  Human  Body,"  third  edition, 
don.  1K44.  I).  200. 

t  Shemngton,  "Journal  of  PhvHioloev."  17.  2.17.  1S94. 
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of  equilibrium.  Indeetl,  section  of  the  posterior  roots  of  the  spinal 
nen'es  supphnng  a  given  region  is  followed  by  a  loss  of  control 
of  the  muscles  in  this  region  hanlly  less  complete  than  the  paralysis 
prxKiured  by  direct  section  of  the  anterior  roots;  the  muscles  not 
only  loee  their  tonicity  in  consequence  of  the  dropping  out  of  the 
reflex  seasont*  stimuli  from  the  skin  and  muscles  of  the  region,  but 
they  are  apparently  \nthdrawn  from  vohmtar)-  control  in  spite  of 
the  maintenance  of  their  normal  motor  connections.  Witliin  the 
cfntral  nervous  system  the  fibers  (»f  uitiscle  sense  end  in  part  in 
the  cerebellum  and  in  part  pass  forward,  by  way  of  the  median 
fillet,  to  end  in  the  cerebrum.  In  the  cerebrum  they  end  in  the 
<x>rtcx  of  the  parietal  lol»e  in  the  region  of  (he  posterior  central 
rt)nvolution.  There  is  itiaison  to  believe  that  this  cortical  sense 
nrrii  t>f  the  muscle  sense  is  connecteti  by  association  fil>ei's  with 
the  motor  areas  lying  anterior  to  the  fissure  of  Rolando,  and  we 
have  tljus  a  reHex  arc.— or.  as  Bell  expressed  it.  a  circle  of  nerves 
between  the  muscles  and  the  brain.  It  is  prulmble  that  a  similar 
are  or  circle  is  formed  by  the  connet'tions  through  the  rerebellum. 
anil  still  a  third  one  of  a  lower  order  by  the  connections  in  the 
spinal  cord.  In  the  higher  animals  the  impulses  received  in  the 
<*<*rf*l)elluni  through  the  fibers  of  muscle  sense,  in  connection  with 
those  receive<l  fi-om  the  .•^'micircular  canals  and  vestibvdar  sacs 
of  the  ear.  furnish  the  sensor>'  basis  for  the  cerebellar  control  of 
muscular  movements,  particularly  of  the  synergetic  combination 
necessar>'  in  locomotion.  Through  the  circle  or  arc  in  the  cortex 
i>f  the  rerebrimi  it  nuiy  lie  suppf>sed  that  our  characteristic  volun- 
tar>'  movements  are  effected,  and  it  may  l>e  doubted  whether  a 
MV-ralled  x-oluntary  contraction  can  \ie  made  when  this  circle  is 
broken  on  the  sensory  side.  Whether  or  not  this  latter  suggestion 
is  true  it  seem^*  to  \ie  beyond  doubt  that  ade<^tuitely  controlleil 
voluntary'  movements  depend  for  their  adaptation  upon  the 
inflow  of  Hensor>'  impulses  along  the  filjers  of  mu.scle  sense.  We 
have  a  certain  consciousness  of  the  condition  of  our  muscles  at 
all  times,  and  if  we  were  deprived  of  this  knowletlge  we  should  be 
unable  to  conlpol  tliem  properly,  perhaps  unable  to  use  them 
voluntarily 

The  Quality  of  the  Muscle  Sense. — l>ur  conscious  realization 
of  muscular  sensibility  is  not  ilLstinct.  I  ndcr  onliimn*  cunditiorjs 
the  imt rained  person  is  unaware  of  the  presence  of  such  a  sense; 
but  physiological  analysis  enables  us  to  realize  its  existence.  What 
we  designate  as  the  fe<»ling  of  resistance  and  of  weight  deywnds 
usually  partly  upon  the  i)ret(sure  sense,  but  laiTgely  upon  the  mu.sele 
senfw?.  As  Head  has  pointed  out  (p.  259),  we  still  passess  a  certain 
nensibility  to  pressure,  even  after  our  cutaneous  nerves  are  com- 
pletely anesthetize<l,-  so  that  a  pressure  upon  the  skin  is  recognized 
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and  located.  This  deep  sensibility  to  touch  or  pressure  must 
Ik?  nipdiatcil  through  the  sensory  nei'ves  of  the  muscles,  and  it 
coiLstitutes  one  form  of  the  conscious  i-eaction  of  the  nerve  fiber* 
of  muscle  sense.  In  estimating  the  difference  in  weight  f>ctween 
two  bodies  our  jutifjraent  is  much  more  exact  if  the  bodies  are  lifte<l 
by  muscuhir  effort.  ii.s  is  our  cu.stoni,  than  if  they  are  simply  ullowed 
to  press  upon  the  skin;  and  in  all  calculations  of  resistance  to  effort 
it  is  the  amount  of  muscular  contraction  exerted  that  furnishes  a* 
with  the  chief  sensoiy  basis  for  our  jud^mentiii.  So  also  in  the  jude- 
ments  of  distance  based  upon  vL^ual  impressions  it  is  believed  that 
for  close  objects,  particularly,  the  imisele  sease  connected  with  the 
extrin.^ic  and  intrin.sic  nuisciilature  of  the  eyeballs  plays  a  funda- 
mental i)art.  Doubtless  also  this  sense  takes  an  essential  i>ftrt 
in  the  primitive  formation  of  our  conceptions  of  si>ace,  since  it 
may  be  assumed  tJiat  the  continual  movements  of  the  extremities 
in  connection  with  our  visual  and  tactile  impressions  fumisli  essen- 
tial data  upon  which  we  build  our  jx^reeptions  of  distance  ami 
size,  our  judgments  of  spatial  relations.  As  is  explained  in  the 
chapter  on  the  physioloja:)'  of  the  ear,  the  sen.sations  from  the  semi- 
circular canals  and  vestibular  sacs  co-oix?rale  in  gi^^ng  data  for 
lliL'sc  fundamentitl  conceptions,  an<l  it  is  not  possible  for  us  to 
disentangle  the  jiarts  taken  by  these  senses  separately  in  building 
up  our  knowledge  of  the  external  world.  The  muscle  sense 
reckoned  Uvsualh-  among  the  internal  (or  common)  senses, — that  is, 
those  which  are  pn>jected  to  the  interior  of  the  body  and  are  felt 
as  changes  in  ourselves.  A  little  reflection,  however,  demonstrates 
that,  like  the  temix'rature  sense,  it  may  under  conditions  i>e  pro- 
jected to  the  exterior  and  be  interpreted  as  a  quality  of  external 
objects.  Weight  and  resistance,  for  example,  are  attribul4>d  to 
the  objects  giving  ri.se  to  the  feeling  of  ruu.sculnr  effort,  and  it  may 
be  said,  perhaps,  that,  as  in  the  citst^  of  temjMTature.  the  feeling 
is  pn>jected  more  or  less  clearly  to  the  eiclerior  when  it  Ls  combined 
with  the  prpKsurc  sense  which  acts  as  the  pre<lominating  or  guiding 
factor  iu  the  projection.  In  excessive  muscular  effort,  the  quality 
of  the  muscle  sen.sation  undergoes  a  change  ami  becomes  strong 
cnougli  to  make  a. distinct  and  ]n'culiar  impression  upon  our  con- 
sciou.sness.  We  designate  lliis  feeling  as  fatigue,  but  there  Ls  no 
qiWBtion  apjmroutly  lliat  tliis  sensation  is  mediated  tlirough  the 
same  ncr\'e  libers  that  ordinarily  give  us  our  muscular  sensibility. 

Sensations  of  Hunger  and  Thirst.— Hunger  and  thirst  are 
typical  interior  (or  common)  sensations.  We  feel  them  as  changes 
in  ourselves.  Neither  sense  has  been  the  direct  object  of  much 
experimental  investigation,  ami  what  knowledge  we  fKissess  is  there- 
fore derived  largely  from  accidental  or  pathological  sources.  Hunger 
in  its  mild  ff>nn  is  designated  as  appetite.     It  occurs  normally  at  a 
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laterval  after  iTK^aLs,  and  \a  referreil  or  pi*oject-eci  more  or 
ttccurutcly  to  the  stomach.  It  is  not  known  whetlicr  this  sense 
is  mediatCfl  by  a  special  set  of  sensory  fibers  distributed  to  the 
mucous  inembrane  of  the  st^niaeh,  or  whether,  perhaps,  it 
may  l)e  a  ({uahty  of  the  se^nsory  impressions  from  the  niuseular 
OOAt.  Tlie  fonuer  view  seems  more  prt)bable,  espet-ially  wlien  it  is 
fememberiMl  that  loss  of  appetite  or  anorexia  is  to  freijuently  an 
accompaniment  of  patliolo^eal  changes  in  the  me[ubrane  of  the 
stomach.  'I'he  nen-ous  meclianism  thRtuph  whicli  this  sense  is  mc- 
(liate<I  is  of  most  essential  importance  and  dt*ser\*es  more  careful 
study  at  the  hands  of  physiologists  and  [Mithologists.  Under  ordi- 
nar>' conditions  of  life  all  of  the  repdation  of  tlie  amount  and  quality 
of  the  food  neciTSsary  to  the  projxir  niitriliim  of  the  IxmIv  and  the 
maintenance  of  boily  equilibrium  iseffectL"d  through  thiasinise.  Its 
striking  influence  uf)on  the  Innly  at  large  is  well  illustrated  in  the  case 
oi  animals  (pigeons,  dogs)  dcpriv(xl  of  their  cerebrum.  During  the 
pcrifKl  of  fiLsting  these  animals  show  all  the  external  sipns  of  himpcr 
and  k(v|)  in  conlimial,  R'stlcss  movement  that  s(H'ms  to  imply  a  con- 
stantly acting  sen.sttr>'  stinndus.  We  nuiy  assume  that  ap|)etit'e 
has  its  sensory  orijnn,  its  peripheral  nen'e  endings  in  the  stomachy 
and  that  these  enrlings  are  exeit<Nl  in  some  imknown  way  when  the 
stomach  is  empty.  This  gastric  himger,  as  it  might  bo  called, 
disap^iears.  or  tlic  ap]M'titc  is  apixuisfnl  when  the  stomach  is  filled. 
This  fact  in  itself  would  indicate  that  the  stimiihis  has  a  local 
origin  in  the  stomach,  and  is  not  dependent  upon  any  general 
ehani^  in  the  nutritive  condition  of  the  body.  The  appetite  is 
satisfied  by  filling  the  stomach  with  food  l<mg  l>efore  this  foofj 
is  actually  absorbed  and  dLstributed  to  the  tissue-s.  The  inges- 
tion of  totally  indigf»stible  material  w(»ul<l  probably  have  t-emporarily 
a  similar  result.  The  exact  nature  of  the  conditions  that  lead 
to  or  cause  a  stimulation  of  the  sensory  nerves  of  appetite  in  the 
stomach  remains  unexplained.  The  well-known  fact  that  muscidar 
exercise  and  low  temperatures  and  particularly  a  combination  of 
the  two  cause  a  marked  augmentation  of  the  appetite  would  suggest 
that  the  sensory  stimulus  is  influenced  by  the  extent  or  character 
of  the  oxidations  in  the  muscular  tissues,  and  that,  therefore,  some 
substance  may  Ije  formed  as  the  result  of  these  oxidations  which 
affects  the  sensory  nerves  of  the  stomach.  The  same  general  aig- 
gestion  is  contained  in  the  fact  that  diabetica  exhibit  an  abnormal 
appetite  in  spite  of  abundant  feeding.  In  these  individuals  the 
carbohydrate  food  escapes  oxitlation  more  or  less  completely,  and 
the  metabolism,  particularly  in  the  muscles,  involves,  therefore, 
to  a  greater  extent,  the  oxidation  of  proteid  material, — a  fact  which 
may  stand  in  some  relation  to  the  abnormal  appetite  thatisobscrved. 
The  complexity  of  the  nervous  apparatus  that  controls  the  the  appe- 
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i'lte  is  shown  nlso  by  miiiiv  facts  fmm  the  experiences  of  life  and  from 
the  rcsult-s  of  hihnraton*  invrsti*:ation«.  For  pxaraple,  it  is  found 
that  largo  amounts  of  p:oUitin  in  the  ciict,  although  at  first  accepte<l 
willinf^ly,  soon  provoke  a  feeling  of  dishkc  and  aversion  to  this 
particular  ffiodstnif  sueh  as  cannot  be  overcome.  An  animal  v,i\\ 
starve  rather  than  use  the  gelatin,  although  all  of  our  direct  phx'sio- 
logical  evidence  \vo\ild  indicate  that  this  substance  is  an  efficient 
food,  playing  much  the  same  part  as  the  fata  or  earbohydratos. 
A  fact  of  this  kind  indicates  that  the  sensory  apparatus  of  the  appe- 
tite is  influenced  in  some  specific  way  by  the  metabolism  of  this 
particular  material.  So  also  the  feeling  of  satiety  and  aversion  for 
food  tliat  follows  overfeeding  indicates  something  more  than  a  sim- 
ple removal  of  the  sensations  of  appetite;  it  implies  an  active  state, 
due  possibly  to  the  excitation  of  sensor\'  fibers  of  a  different  char- 
acter. "With  regard  to  the  effects  of  prolonged  starvation,  the 
pangs  of  hunger  that  arc  felt  at  first  do  not  seem  to  increase  in  in- 
tensity to  such  an  extent  as  to  cause  actual  suffering.  The  testi- 
mony of  the  ''professional  fasters,"  at  least,  seems  to  sliow  that,  if 
water  is  provided,  prolonged  deprivation  of  food  is  not  accompanied 
by  the  intense  discomfort  or  .Huffering  popularly  associated  \nth 
the  idea  of  comi)lete  starvation. 

The  Sense  of  Thirst.— Our  sensations  of  thirst  are  projected 
more  or  less  accurately  to  the  pharynx,  and  the  facts  that  we  know 
would  seem  to  indicate  that  the  sens<^r>'  nen'es  of  this  region  have 
the  important  function  of  mediating  this  sense.  The  water  con- 
tents of  the  body  are  subject  to  great  changes.  Through  the  lungs^ 
the  skin,  and  the  kidneys  water  is  lost  continually  in  amounts  that 
var\^  inth  the  comlitions  of  life.  This  loss  affects  the  blood  directly, 
but  is  doiibtless  made  good,  so  far  as  this  ti.ssue  is  concerned,  by  & 
call  upon  the  great  mass  of  water  contained  in  the  storehouse  of  the 
tissues.  To  restore  the  body  tissues  to  their  normal  equilibrium 
in  water  we  ingest  large  cjuantities,  and  the  control  of  this  regula- 
tion is  effected  tlirough  the  sense  of  thirst.  We  know  little  or 
notlung  abtjut  the  ner\-ous  apparatus  involved;  but  it  may  be 
assumed  that  when  the  water  content  falls  below  a  certain  amount 
the  nerve  fibers  in  the  phar>'ngeal  membrane  (fibers  of  the  glosso- 
pharj'ngeal  nen'e)  are  stimulated  and  give  us  the  sensation  of 
thirst.  That  we  have  in  this  membrane  a  special  end-organ  of 
thirst  is  indicated,  moreover,  by  the  fact  that  local  drying  in  this 
region,  from  ilry  or  salty  food^  or  drj-  and  dusty  air,  produces  a 
sensation  of  thirst  that  may  be  appeased  by  moistening  the  mem- 
brane with  a  small  amount  of  water  not  in  itself  sullicient  to  relieve 
a  genuine  water  need  of  the  Ixxly.  Our  normal  thirst  sensations 
might  be  designaleil,  therefore,  as  pharyngeal  thirst,  to  indicate 
the  probable  origiu  of  the  sensorj'  stimuli.     Prolonged  1  deprivatioi 
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of  water,  however,  must  affect  the  water  content  of  all  the  tissues, 
&Dd  under  these  conditions  sensations  are  experienced  whose  quality 
is  not  that  of  simple  thirst  alone,  but  of  pain  or  suffering.  All  ac- 
counta  agree  that  complete  deprivation  of  water  for  long  periods 
induces  intense  discomfort,  ano^uish,  and  possibly  mental  troubles. 
and  we  may  suppose  that  under  these  conditions  &ensor>'  ner\^es 
are  stimulated  in  many  tissue;^,  and  that  the  metalx)Usm  in  the  ner- 
vous system  in  addition  Is  directly  affected  by  the  losa  of  water. 
It  is  interesting  to  note  that,  while  in  dii'eases  due  to  a  general  in- 
fection, loss  of  appetite,  anorexia,  is  a  frequent  syinf)(oni.  there  is 
no  corresponding  loss  of  the  sense  of  thirst.  Even  in  hydrophobia 
the  patient  experiences  the  sensations  of  thirst,  although  unable  to 
drink  water. 
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CHAPTER  XVI. 
SENSATIONS  OF  TASTE  AND  SHELL. 


The  sense  of  taste  is  mediated  by  nerve  fibers  distributed  to 
partfi  of  the  buccal  cavity  and  particularly  to  parts  of  the  tongue. 
The  most  sensitive  regions  are  the  tip,  the  borders,  and  the  posterior 
portion  of  the  dorsum  ot  the  tongue  in  the  region  of  the  circum- 
vailale  pupiila*.  Tast<i  buds  and  a  sense  of  tast<?  are  described  also 
for  the  soft  palate,  the  epigluUis,  aiul  even  for  the  lari'nx.  The 
sense  is  not  present  uniformly  over  the  entire  dorsum  of  the  tongue. 
On  the  oontrar>%  it  has  an  irregular,  punctiforni  distribution  over 
most  of  this  region  with  the  excejition  of  the  parts  mentioned  above. 

The  Nerves  of  Taste.— The  anterior  two-thirds  of  the  tongue 
are  supplied  ^vith  senstiry  fibers  from  the  lingual  nerve,  a  branch 
of  the  inferior  maxillar>'  division  of  the  fifth  nerve,  and  the  posterior 
third  from  tlte  glossopluiryngeul.  The  taste  fibers  for  these  regions, 
therefore,  are  supplied  immediately  through  these  ner\*es.  It  has 
been  shown,  moreover,  that  the  taste  fibers  carried  in  the  lingual 
are  brought  to  it  through  the  chorda  tynipani  nerve,  which  arises 
from  the  wnenth  crania!  nerve  and  joins  the  hngual  soon  after 
emerging  from  the  tympanic  cavity  of  the  ear.  There  has  lieen 
much  discussion  as  to  the  origin  of  these  taste  fibers  from  the  brain. 
At  first  sight  it  would  seem  that  the  fibers  for  the  posterior  third 
of  the  tongue  must  have  their  origin  from  the  brain  in  the  glosso- 
pharyngeal and  those  for  the  anterior  two-thirds  in  the  sensory 
jx»rti*jn  of  tiie  facial.  Many  surgeons  have  reported,  however,  that 
complete  extirpation  of  the  <_Jasseriaii  ganglion  of  the  fifth  ner\'e 
is  followed  by  complete  loss  of  taste  in  the  corresponding  side  of 
the  tongue,  and  others  have  described  a  loss  of  taste  for  the  anterior 
two-thirds  following  a  Bimilar  operation.  Some  authors  have 
asserted,  therefore,  tliat  all  the  (aste  fibers  originate  or  rather  end 
in  the  sensory  nucleus  of  the  fifth,  while  others  bc>!ieve  that  the 
filx^rs  miming  in  the  rliorcJa  tympani,  at  least,  take  their  origin  in 
the  fifth  nerve.  It  is  supix>sed  by  these  authors  that  the  fibers 
reach  the  tJasserian  ganglion  by  a  circuitous  route,  as  is  indicated 
in  the  <liagram  given  in  h'ig,  113.  Those  that  nm  in  the  lingual 
and  chorda  tympani  nen'es  are  assumed  to  pass  to  the  ganglion 
by  way  of  the  great  siiijerficial  petrosal  and  Vidian  nerves  and 
Meckel's  ganglion,  while  those  that  are  contained  in  the  glosso- 
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pharyngeal  reach  the  same  ganglion  through  the  nerve  of  Jaeobson, 
the  small  superficial  petrosal,  an<l  the  otic  ganglion.  A  recent  re- 
port by  Cushing.*  of  the  results  of  removal  of  the  <  ia.^serian  gan- 
glion in  thirt<M»n  caiM^-s,  throws  much  iloiiht  upon  thes<^  views.  This 
author  made  careful  examinations  of  the  st^nse  of  taste,  not  only 
imrae<iiately  after  the  operation,  but  for  a  long  period  subsetiuently. 
He  states  that  in  no  case  was  there  any  eflfeet  upon  the  sense  of  taste 
•n  the  posterior  thirtj  of  the  tongue.  We  may  l>elieve.  therefore,  that 
the  tast«  fil)ers  of  this  part  arise  immediately  from  the  gangHon 
cells  in  the  petrosal  ganglion  and  enter  the  brain  witli  the  roots  of 
the   nerve  to  terminate  in   its  senior)'  nucleus   in  the  medulla. 


"^ 


G.&c*kLu»«n 


•G.a. 


\^/rjaa 


/" 


FlC-   113- — Behftma  to  nhnw  the  cmrne  of  the  taste  fibcn  from  toncue  to  brain. — 
'\Ma.)     The  dott««l  Iiocm  rcprMeot  the  coume  lu  indicated  bv  CushiDcs  ob«ervationi>. 
full  black  lines  indiciiK*  tlie  paths  by  which  auioe  authors  have  5U[ipo!«d  that  these 
eit(«r  the  brain  in  the  (rigemitia]  itervr. 

Regarding  the  anterior  two-thirds  of  the  tongue,  the  lingual  region, 
it  was  found  that  in  some  ca*tes  there  was  at  first  a  loss  of  acuity  of 
taate  or  even  an  entii-e  <lisj;ppearance  of  the  sense,  but  sidisetjuently 
it  returned.  It  would  seem,  therefore,  that  the  loss  of  taste  de- 
Bcribetl  after  removal  of  the  Ciasaerian  ganglion  is  an  incidental 
roiult  the  cause  of  which  is  not  entirely  clear.  Cushing  attributes 
it  to  a  postoperative  degeneration  and  swelling  in  the  fil>ei's  of  the 
Ungual  nerve,  which  affect  the  conductivity  of  the  intermingled 
fibers  of  the  chorda  tympani.     Since,  however,  there  Ls  no  perma- 

*Cufthin^,  "  Bulletin  of  the  Johns  Hopkins  HoRpital."  H.  71.  1903.     Given 
Uir  iniff!gical  literature. 
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Dent  loss  of  taste  in  this  region,  it  follows  that  the  taste  fibere  do 
not  pass  through  the  (lasserian  gangHon.  We  may  assume,  there- 
fore, that  they  originate  directly  in  the  ner\-e  cells  of  the  geniculate 
ganglion  and  enter  the  brain  vnth  the  fibers  of  the  portio  inlemietlia 
of  the  seventh  ner\'e. 

The  End-org&a  of  the  Taste  Fibers. — In  the  circumvallate 
papillap.  in  sonu'  of  the  funjdforni  papilla*,  and  in  certain  jxirtion-H 
of  the  fauces,  palate,  epiglottis,  or  even  the  vocal  runis  there  are 
found  the  organs  known  as  taste  buds  which  are  believot)  to  act 
as  peripheral  organs  of  taste.  These  curious  structures  arc  repre- 
sented in  Fiff.  114.  Tliey  are  oval  btxlies  with  an  extomul  lfl>Tr 
of  tegmental  or  cortical  cells,  and  the>-  contain  in  the  interior  a 

number  of  elongated  cells 
each  of  which  ends  in  n  hair- 
like  proce^  whirh  projects 
through  the  central  taste 
pore  of  the  organ.  These 
latter  cells  may  be  consid- 
ered as  the  true  sense  cells; 
the  hair-like  process  con- 
stitutes probably  the  part 
that  is  stimulated  directly 
by  sapid  substances.  The 
impulse  thus  aroused  is 
communicateti  through  the 
body  of  the  cell  to  the 
endings  of  the  taste  fibers 
which  terminate  around 
these  cells  by  terminal 
arborizations  of  the  same 
general  type  as  in  the  case 
of  the  hair  cells  in  the 
cochlea. 

Classification  of  Taste  Sensations.— Our  taste  sensations 
are  ver>'  numerous,  but  it  has  lieen  shown  that  there  are  four 
primar>'  or  fundamental  sensations, — namely,  sweet,  bitter,  acid, 
and  salty,  and  that  all  other  tast«s  arc  combinations  of  these 
primary  sensations,  or  combinations  of  one  or  more  of  them  with 
sensations  of  oflor  or  with  sensations  derived  from  stimulation  of 
the  so-called  nenes  of  common  sensibility  in  the  tongue.  Thus, 
the  taste  of  pepi)er  may  be  resolved  into  a  slight  odor  sensation 
and  a  sensation  due  to  stimulation  of  the  fibers  of  general  sensi- 
bility,— that  is.  it  gives  no  taste  sensation  proper.  The  taste  of 
alum  may  bo  considered  as  a  pombination  of  a  salty  taste  with 
common  sensibility.    Combinations  of  sweet  and  acid  tastes,  sweet 


boda 


nibbit   (fmro 


F\r.  U4. — Section  thn7UKh  one  of  the  tm>t« 
■  at  the  rapillm  foiiatA  of  tbe  nubl 
Quoin,  after  Banner),  hicfaly  nufniAiHl:  p.  OiM- 
tatory  p<itc:  «,  gustatory'  cell ;  r,  susteDCaculair 
oeli;  m.  leucocyte  eontauuDs  cranules;  <,  aupsr- 
ficuU  epitheli&J  celU;    n,  acrve  fibers. 


—  -—- " 


TASTE  AND  SMI 


277 


I 
I 

I 


I 


and  bitter  tastes,  etc.,  form  a  part  of  our  daily  experience,  and 
in  the  fused  or  compound  sensation  that  results  from  such  com- 
bioations  one  may  usually  recognize  without  tUfficulty  the  con- 
stituent parts.  The  seemingly  great  variety  of  our  taste  sensations 
IS  largely  due  to  the  fact  that  we  confuse  them  or  combine  them 
with  simultaneous  o<lor  sensations.  Thus,  the  flavors  in  fniits  and 
the  bou<|uet  of  wines  arc  due  to  odor  sensations  which  we  designate 
ordinarily  as  tastes,  since  they  are  experienced  at  the  time  these 
objects  are  ingested.  If  care  is  taken  to  shut  off  the  nasal  cavities 
during  the  act  of  ingestion  even  imperfectly,  as  by  holding  the 
noae,  the  so-called  taste  disappears  in  large  measure.  Ver>'  ilis- 
a^rreeable  tastes  are  usually,  as  a  matter  of  fact,  due  to  unpleasant 
odor  sensations.  On  the  other  hand,  some  volatile  substances 
which  enter  the  mouth  through  the  nostrils  and  stimulate  the 
taste  organs  are  interpreted  by  us  as  odors.  The  odor  of  cldoro- 
form,  for  instance,  is  largely  due  to  stimulation  of  the  sweet  taste 
in  the  tongue. 

Distribution  and  Specific  Energy  of  the  Fundamental 
Taste  Sensations. — Regarding  the  distribution  of  the  fimda- 
mental  taste  sensations  over  the  tongiie  and  palate  there  seem 
to  be  many  indi%*idual  differences.  In  general,  however,  it  may 
be  said  that  the  bitter  taste  is  more  developed  at  the  back  of 
the  tongxie  and  the  adjacent  or  posterior  regions;  at  the  tip  of 
the  tongue  the  bitter  fiense  is  less  markt*d  or  in  cases  may  bo  abt^?nt 
altogether.  (Jn  the  contrary*,  in  this  latter  region  the  sweet  iixt^ie 
is  well  devdoped.  On  this  account  it  may  happen  that  substances 
which  wlien  first  taken  into  the  mouth  give  anotunj)leasant  sweet 
taste  subsequently  when  swallowed  cause  disaprreeably  bitter  scn- 
sationsjike  the  little  book  of  the  evangelist,  wliich  in  the  mouth 
was  "sweet  as  honey,  and  as  soon  as  I  had  eaten  it.  my  Ix^lly  was 
bitter."  Oehrwall*  has  matle  an  interesting  series  of  experiments 
in  which  he  stimulated  separately  a  numl)er  of  fungifonn  papill.i} 
on  the  surface  of  the  tongue.  Each  [>apilla  was  stimulated  sej)a- 
rately  for  its  fundamental  taste  senses  of  >wect,  bitter,  and  acid, 
by  using  droi>s  of  lolutions  of  sugar,  quinin,  and  tartaric  acid.  Of 
the  125  papillse  tJius  examined,  27  gave  no  reaction  at  all,  although 
sensitive  to  pressure  and  temperature.  In  the  98  papillie  that 
reacted  to  the  sapid  stimulation  it  was  found  tliat  60  gave  taste 
sensations  of  all  three  qualities,  4  gave  only  sweet  and  bitter,  7  only 
bitter  and  acitl.  12  only  su'eet  and  acid,  12  only  acid,  and  3  only 
sweet.  None  was  found  to  give  only  a  bitter  sensation.  These 
facts  lx»ar  directly  u|Ktn  the  ([upstion  of  the  specific  eneigv'  of  the 
taste  filwrs.  It  is  fK«v«il)le  tliat  the  four  fimdamental  taste  qualities 
may  be  mediated  by  four  different  end-organs  and  four  separate 
♦Oehrwall,  "Skanilina\T»ches  Archiv  f.  Physiologic,"  2.  I.  1890. 
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setfi  of  nerve  fibers,  pach  giving,  when  stimulated,  only  its  own 
quality  of  sejisation.  (_>n  the  other  hand,  it  is  possible  that  one  and 
the  same  nerve  filjer  might  give  different  qualities  of  sensation 
according  to  the  nature  and  mode  of  action  of  the  sapid  substances. 
The  fact,  as  shown  by  Oehrwall's  experiments,  tliat  there  are  seoson- 
spots  upon  the  tongue  which  wiJ  not  react  to  some  kinds  of  sapid 
substance,  but  do  react  to  others,  and  perhaps  only  to  one  particular 
kind,  spc-aks  strongly  in  favor  of  the  view  that  there  are  different 
cnd-organt5  and  ner%c  fibers  for  each  fundamental  taste.  This  view 
is  still  further  supported  by  the  fact  that  certain  chemically  pure  sn\> 
stance  gi^'e  different  tastes  according  to  the  part  of  the  tongue 
upon  which  they  are  placed.  Thus,  sotiium  sulphate  (Guyot)  may 
taste  salty  ujxtn  the  tij)  of  the  tongue  and  bitter  when  placed  upon 
tlie  posterior  part.  A  better  instance  .still  is  given  b}^  solutions  of 
a  bromin  substitution  product  of  saccharin,  the   chemical    name 


for    which    is    parabrom-benzoic    sulphinid; 


C.H,Br 


{; 


so,/  ^^• 


When  this  substance  Is  j>laced  ufxin  the  tip  of  the  tongue  it  gives  a 
sweet  sensation,  while  uix)n  the  iX)sterior  region  it  gives  only  a  bitter 
taste  together  with  a  sensation  of  a.stringency  (Howell  and  KastJe). 
Extracts  of  the  leaves  of  a  tropical  plant,  Gtjmnenia  siirestre.  a])plieii 
to  the  tongue,  destroy  the  sense  of  taste  for  sweet  and  bitter  sub- 
stances (Shore),  and  this  fact  may  be  explained  most  satisfactorily 
by  assuming  that  this  substance  exercises  a  selective  action  upon 
tiiste  tei-minals  in  the  tongue,  paralyzing  those  for  the  bitter 
and  the  sweet  substances.  Finally,  the  fatt  that  electrical,  me- 
chanical, or  chemical  stimulation  of  the  rliorda  tympani,  where  it 
passes  through  the  tynij>anic  cavity,  may  arouse  taste  seasatioas  is 
proof  thiit  the  taste  sensation  in  general  is  not  due  to  a  peculiar  kind 
of  impulse  that  can  be  aroused  only  by  the  action  of  sapid  bodies 
upon  the  tenuinals  in  the  tongue,  hut.  on  the  oontrar>',  that  it  is  a 
specific  energy  of  iheso  fibers,  and  <kpends  for  its  quality,  there- 
fore, »ipon  the  sj>eciHc  n-action  of  the  terminations  in  the  brain. 

Method  of  Sapid  Stimulation. — In  order  that  sapid  substances 
may  react  uix>n  the  taste  tenuinals  it  is  necossar>%  in  the  first  place, 
that  they  shall  be  in  s^)lution,  It  is  impossible  to  taste  with  a  dry 
tongue.  We  may  assume,  ihereforc,  that  the  stimulation  consists 
essentially  in  a  chemical  reaction  between  the  sapid  substance  and 
the  tenninal  of  the  taste  fiber,— for  iastance,  the  hair  process  of 
the  sense  cells  in  the  taste  buds, — anil  the  question  naturally  arises 
whether  the  distinctive  reactions  cnrresponding  to  the  separate 
taste  qualities  can  be  referred  to  a  definite  chemical  structure  in  the 
sapid  bodies.  Are  there  certain  chemical  groups  which  possess  the 
profwrty  of  reacting  specifically  with  the  ond-oi^ans?  Experience 
shows  tliat  substances  of  very  different  chemical  constitution  may 
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excite  the  same  taste.  Thus,  sugar,  saccharin,  ami  sugar  of  lead 
(lead  acetate)  all  give  a  sweet  taste,  while,  on  the  other  hanii, 
starch  (soluble  starch),  which  stands  so  close  in  structure  to  the 
sugan^t  has  no  effect  upon  the  taste  terminals.  It  is  interesting 
to  rememl>er  that  the  taste  nerves  may  be  stimulated  by  siipid  sub- 
stances dissolved  in  the  blood  as  well  as  when  applieil  to  the  ex- 
terior of  the  tongue.  A  sweet  taste  may  }>e  exiierienced  in  diabetes 
from  the  sugar  in  the  blood,  or  a  bitter  taste  in  jaundice  from  the 
bile. 

The  Threshold  Stimulus. — ^The  determination  of  the  threshold 
stimuluK  for  different  sapid  substances  is  made  by  ascertaining  the 
mimmal  concentration  of  the  solution  wliich  is  capable  of  arousing 
a  taste  sensation.  The  delicacy  of  the  senile  of  taste  is  influenced, 
however,  by  certain  accessory  condilioiLs  which  must  be  taken  into 
account.  Thus,  the  temperature  of  the  solutiim  is  an  imjwrtant 
condition.  Very  cpid  or  very  hot  solutions  do  not  react, — that  is, 
tlie  exlrcim^s  of  temperature  seem  to  (hininish  or  destroy  the  seasi- 
tiveness  of  the  end-organ.  A  trmp<'rature  Iwtween  lO'^and  lii)°  C. 
gi\'es  the  optimum  reaction.  So  also  the  tlclicacy  of  the  sense  of 
taste  is  increased  by  rubbing  the  sapid  solution  against  the  tongue. 
Doubilesss  thus  mechanical  action  facilitates  the  penetration  of  the 
sapid  body  into  the  mucous  memhmne,  but  it  seems  also  to  in- 
ereaae  the  irritability  of  the  end-organ.  It  is  our  habit  in  ta.sting 
Ijodies  with  the  tongtie  to  nib  this  organ  u^aiiist  the  hard  palate. 
With  regard  to  the  threshold  stimulus  such  re.sull,s  as  the  following 
are  reported: 

Sftlty  (scxitum  chlorid).  0.25    gm.   in    100   c.c  H/>— detectible    on    tip    of 

tOIIfU 


Sweet  (<nijE:iir)  0.50 

Acid(HCI) 0.007 

Bitter  (quinin) 0.00005 


dt'tectiblc    on    tip    of 

t-O!lffH0. 

tloU'ctiblr  on  border  of 

dft^'Ctible   on    root   of 
tongue. 


The  very  great  sensitiveness  of  the  tongue  to  bitter  Nul)8tance»  ia 
evident  from  this  table. 

The  Olfactory  Organ. — The  end-organ  for  the  olfaetorj*  sense 
lies  in  the  upper  part  of  the  nose,  and  consists  of  elongated,  epithe- 
lial-like cells,  each  of  which  Invars  on  it-s  free  end  a  tuft  of  six  to 
eight  hair-like  processes,  while  at  its  basal  end  it  Is  continual  into 
a ncr\e  filx*r  that  passes  through  the  cribriform  plate  of  the  ethmoid 
bone  an<l  ends  in  the  olfactory  bulb.  These  olfactor>'  sense  cells 
Ge  among  sui>pcirting  epithelial  cells  of  a  columnar  shape  (Fig. 
115).  At  the  free  edge  of  the  cells  there  is  a  limiting  membrane 
Chrou^  which  the  olfactory  hairs  project.    The  cdfactory  senae 
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cells  are  essentially  nene  cells,  and  in  this  respect  resemble  the 
sense  cells  in  the  retina,  the  rods  and  cones,  ratlier  than  those  of  the 
ear  or  of  the  organs  of  taste.  The  distribution  of  the  olfartor^' 
cells,  according  to  v.  Bnjnn,  is  confinetl  to  the  nasal  septum  and  a 
portion  of  the  tipi>er  turbinate  bone.  The  area  covered  in  eachnos- 
tril  carrespcinds  to  about  250  sijuare  millimeters.  The  epithelium 
of  the  lower  and  middle  turbinates  and  the  floor  of  the  nostrils  is 
composed  of  iho  usual  filiated  cells  found  in  the  respiratory  passages, 
while  the  so-called  vestibidar  region  of  tlie  nose,  the  part  roofed  in 

by  the  cartilage,  is  covereil 
■'»  /iB/.  ^^y  ^  stratified  pavement 
epithelium  corresponding  in 
structure  >vith  that  of  the 
skin.  These  latter  portions 
of  the  nose  are  supplte<i 
with  sensor>'  fibers  derived 
from  the  fifth  or  trigeminal 
nerve.  We  must  consider 
the  500  sq.  mm.  of  olfac- 
tory epithelium  as  the 
olfactory  sense  organ  com- 
parable physiologically  and 
porhnps  anatomically  to  the 
roil  and  cone  layer  of  the 
retina.  The  connections  of 
these  cells  with  the  central 
nervous  system  have  al- 
reaiiy  been  described  (p. 
205).  It  will  be  remem- 
bered that  the  fine,  non- 
medullated  fibers  springing 
from  the  basal  end  of  the 
sense  cells  enter  the  olfac- 
tory' bulb  and  end  in  ter- 
minal arborizations  in  the  olfactory  glomendi.  where  theymake  con- 
nections by  f'ontact  ^^^th  the  dendrites  of  the  mitral  cells  of  the 
bulb.  Through  the  axons  of  these  mitral  cells  the  impulses  are  con- 
ducted along  the  olfactor>'  tract  to  their  various  terminations  in  the 
olfart()r>^  lobe  itself,  either  of  the  same  or  of  the  opix>site  side,  and 
eventually  also  in  the  cortical  region,  the  uncinate  gyrus,  of  the 
bippocampiil  lobe.  As  regards  the  olfactory  sense  cells,  the  nen^e 
celb  in  the  olfactory  bulb  might  be  compared  with  the  ner\e  gan- 
glion layer  of  the  retina,  and  the  ner\'e  fibers  of  the  olfactory  tract 
with  the  fibers  of  the  optic  nerve. 

The   Jllechanism    of   Smelling. — Odoriferous   substances    to 


Fig.  115. — C«IK  nt  Ilw  iilfnrlory  reginn  (after 
p.  ftrann):  n,  a,  iilfarUtry  tvlls;  b.  h,  c)jithpltal 
eelL»;  n.  n.  cfntml  procchs  prolonited  or  an  olfuc- 
tfiry  nerve  fibril;  /,  /,  nucktua;  c,  Lnob-like  clear 
tprminBtion  nf  iieriphenil  i>n»ce!«;  A. /i,  bunoh  af 
olfactory  hairs. 
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le  olfarton*  oHIs  must,  of  course,  penetrate  into  the  upper 
he  nasal  chamber.  This  end  is  attainetl  during  inspiration, 
either  by  simple  diffusion  or  by  currents  produced  by  the  act  of 
soifllng.  It  may  also  happen  by  way  of  the  posterior  narcs.  In 
fact,  the  flavors  of  many  foods,  fruits,  \vine,etc.,  are  olfactor>*  rather 
than  gustatory  sensations.  When  such  food  is  swallowetl  the  poste- 
rior narea  are  shut  off  from  the  phar>'nx  by  the  soft  palate,  but  in 
the  expiration  succeeding  the  swallow  the  o<lor  of  the  footl  is  con- 
veye<l  to  the  olfactory  end-ort;an.  Flavors  are  perceivetl,  therefore, 
not  during  the  act  of  swallowing,  but  subsequently,  and  if  the  nostrils 
are  blocketl,  as  in  coryza,  footis  lose  much  of  their  Havor.  Simply 
holding  the  nose  will  destroy  much  of  the  so-called  taste  of  fruita 
or  the  bouquet  of  wines.* 

Nature  of  the  Olfactory  Stimulus. — The  fact  that  smells  are 
tran-tmitted  throuM:h  space  like  light  ami  souml  has  suggested  the 
possibility  that  they  naay  depend  ufx)n  a  vibratory  movement  of 
some  medium.  This  view,  although  occasionally  defended  in 
moflcm  times,  is  apparently  entirely  incompatible  with  the  facts. 
The  usual  view  is  that  o<loriferous  bodies  emit  particles  which,  as 
a  nde  at  least,  are  in  gaseous  form.  These  particles  are  con- 
veyed to  the  olfactory  epithelium  by  currents  in  the  air  or  by 
simple  gaseous  diffusion,  and  after  solution  in  the  moisture  of 
the  membrane  act  chemically  upon  the  sensitive  hairs  of  the  sense 
cells.  All  vapors  or  gases  are,  however,  not  capable  of  acting  as 
stimuli  to  these  cells;  so  that  evidently  the  odoriferous  character 
depends  upon  some  peculiarity  of  structure.  It  is  assnme^l  that 
there  are  certain  groups,  ''odoriphoro  groups/'  which  are  fhara<*ter- 
istic  of  all  odoriferous  substances  and  by  virtue  of  which  these 
substances  react  with  the  fl|>ecial  form  of  pnjtoplasm  found  in 
the  hair  cells,  Haycraftt  has  formulated  certain  fundamental 
conceptions  bearing  upon  the  relation  between  chemical  structure 
and  odoriferous  stimulation.  lie  has  shoAvn  that  the  power  to 
cause  smell,  like  other  physical  properties,  is  a  periodic  function  of 
the  atomic  weight  ^that  in  the  periodic  system,  according  to  Men- 
delejeff,  the  elements  in  certain  groups  are  characteriz^tl  by  their 
odoriferous  pro|K!rties;  for  instance,  the  second,  fourth,  and  sixth 
members — sulphur,  selenium,  and  tellurium — of  the  sixth  group. 
Moreover,  in  organic  comp<iunds  beloncing  to  an  homologous  series 
the  smell  gradually  changes  and,  indeed,  increases  in  the  higher 
inemlK'rs  of  the  series, — that  is,  in  those  having  a  more  complex 
molecular  structure. 

The  Qualities  of  the  Olfactory  Sensations. — While  we  dis- 

Kor  many  iiitrri'.Mtinji  ftiftfl  cimceminK  smollin^  and  the  Ulcrftturc  to 
MM*  ZwaartJprnakor,  '  l>ie  Phyfioloj^ie  dta*  Gcrudis."  Leipzig,  1895, 
tHaycnJl,  "Bruin."  1SS8,  p.  100. 
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tmg:u]sh  a  great  many  different  kinds  of  odors,  it  has  been  found 
difficult,  indeed  ini]X)ssible,  to  classify  them  verj'  satisfactorily 
into  grou|3s.  That  is,  it  is  not  jx)S3ible  to  pick  out  what  might  be 
called  the  fundamental  odor  sensations.  This  sense  was  doubtless 
usetl  by  primitive  man  chiefly  in  detecting  and  testing  food,  in  protect- 
ing himself  from  noxious  surroundings,  and  perhaps  also  in  controU- 
ing  his  social  relations.  The  olfactory  sensations,  in  accordance  with 
this  use  made  of  them,  give  either  pleasiint  or  unpleasant  sensa- 
tions in  a  more  marke<:l  and  universal  way  than  in  the  case  of  vision 
or  hearing,  approacliing,  in  this  respect,  rather  the  purely  sensual 
characteristics  of  the  lower  senses,  the  bodily  appetites.  Mankind 
has  been  content  to  classify  odors  as  agreeable  and  disagreeable, 
and  to  designate  the  many  different  qualities  of  odors  by  the 
names  of  the  sul>stance3  which  in  Ids  individual  experience 
usually  give  rise  to  them.  A  number  of  obser\'ers  have  proposed 
classifications  more  or  less  complete  in  character.  One  of  the  latest 
and  perhaps  the  best  is  that  suggested  by  Zwaardemaker  on  the  basis 
of  the  nomenclatures  introduct^d  by  previous  observers.  Adopting 
first  the  general  grouping  into  pure  odors,  odors  mixed  with  sensa- 
tions of  common  sensibility  from  the  mucous  membrane  of  the  nose, 
and  odor^i  mixed  or  confused  with  tastes,  he  separates  the  pure  odors 
or  otlors  prujjor  into  nine  classes,  as  follows : 

1.  Odores  wlherei  or  eLhereal  Oflors.  mich  as  arc  given  by  ihc  fruits,  which 
dcpt-nd  iijKin  tin*  presence  of  cilicrcul  Mibstanci'B  or^eKtcre. 
II,  Odores  aromutici  or  aromalic  odors,  wliich  are  typified  iiv  camphor 
and  citron,  bitter  almond  and  the  resinous  bodies.     This  class  is 
divided  into  five  siiberoujjs, 
ni.  Odores  frae;ranlca,  the  frairranl  or  balsamic  odors,  comprising  the  viiri- 
oiw  flower  odors  or  porfunius.     Ttiu  clasf-  falls  into  three  subgroup*. 
rV.  Odores  aml>rosiaci,  thu  anilirofsial  rniors,  typifii'il  hy  aintier  and  musk. 
This  odor  is  present  in  tlic  flesli,  blood,  or  excrement  of  some  ani- 
maLi.  Ixiin^  referable  in  the  la^sl  instance  t*j  the  bile. 
V.  0«l<jres  alliacei  or  jiarlic  cjtlora,  such  as  are  found  in  the  onion,  garlic, 
sulphur,  selenium  and  tellurium  compounds.    They  fall  into  three 
subgroups, 
VI.  Odores  empvreunuitici  or  the  burning  odors,  the  odors  given  by  roast«i 
cofTec,  baked  !  )read,  tohacon  smoke,  etc.    The  odors  of  benzol,  phenol, 
and  the  products  of  dr\-  distillation  of  wood  come  into  this  olaaa. 
VII.  Odores  hircini  or  goat  odors.     The  odor  of  this  animal  arises  from  the 
caproic  and  capryUc   acid   contained  in   the  sweat ;  cheese,  sweat, 
spermatic  and  viytinal  secretions  give  odors  of  a  similar  quality. 
VIII.  Odores  tetri  or  rcp\ilsive  odors,  such  as  arc  given  by  many  of  the  iiai^ 
rotic  plants  and  acanthus.  _ 

IX.  Odores  naiiseosi  or  iiau«;atinKor  fetid  odors,  such  as  are  given  by  fccea 
antl  certain  planlj^  and  the  products  of  putrefaction. 


While  the  classification  ser%'es  to  emphasize  a  number  of  marked 
resemblances  or  relations  that  exist  among  the  odors,  it  does  not 
rest  wholly  upon  a  subjective  kinship, — that  is,  the  different  odors 
brought  together  in  one  ola.'^s  do  not  in  all  cases  arouse  in  us  sensa- 
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tloan  that  seem  to  be  of  related  quality.  It  is  not  impossible,  how- 
ever, that  further  analysis  may  succeed  in  ^howi^g  tliat  there  are 
oert^iin  fundamental  qualities  in  our  numerous  o<lor  sensations. 
Our  position  regarding  the  odors  is  similar  to  that  wliich  foniierly 
prevmle*i  in  the  eai«  of  the  taste  sensatiotLs.  It  was  thought  to  be 
impoesible  to  classify  these  latter  satisfactorily  on  the  l>asis  of  a  few 
fundamental  sensations,  but  it  is  now  universally  accepted  that  all 
of  our  tme  gustat«r\'  sensations  show  one  or  more  of  ftiur  prirnarj'' 
taste  qualities.  As  was  said  above,  our  odor  sensations  are  classi- 
fied in  ordinan'  life  as  a^rt^cable  or  <lisapreealjle,  and,  indetni, 
Haller,  the  great  physiologist  of  tlie  eighteenth  centurj',  dividetl 
odors  along  this  line  into  three  classes:  (1)  the  agreeoible  or  am- 
brosial. (2)  the  disagreeable  or  fetid,  and  (3)  the  mixcil  odors.  In 
many  cases,  no  doubt,  the  agreeableness  or  di.sagreeableness  of  an 
odor  depends  solely  upon  the  associations  connected  with  it.  If 
the  Maociative  memories  aroused  are  unpleasant  the  odor  is  dis- 
agreeable. Thus,  the  odor  of  musk,  so  pleasant  to  most  persons, 
produces  most  disagreeable  sensations  in  others,  on  account  of  past 
associatioiLs.  It  is  possible,  however,  that  there  is  some  funda- 
mental difference  in  physiulogical  reaction  between  such  odors  as 
thoae  of  putrefaction  and  of  a  violet  which  may  be  considered  as  the 
caa.-«e  of  the  (Ufference  in  psychical  effect.  It  has  been  suggested,  for 
instane<?,  tltat  they  may  affect  the  circulation  in  the  brain  in  opposite 
ways,  one  producing  an  increased,  the  other  a  dwreased  flow. 
This  improbable  s»ipposition  has  been  shown  to  l^e  devoiti  of  ff)un- 
ilation  by  tlie  observations  of  ShieUL*.*  In  his  e.\|X'riments  the  vas<;u- 
jir  supply  to  the  skin  of  the  arm  was  determined  by  plethysmcv 
gnphic  methoiis,  and  it  was  found  that  both  pleasant  (heliotrope 
perfume)  and  unpleasant  (putrefactive)  odors  give  a  similar  vjlscu- 
tar  reaction.  Each  class,  if  it  acts  at  all,  causes,  as  a  rule,  a  con- 
striction of  the  skin  vessels,  such  as  is  obt«aine<i  nonnally  from  in- 
creased mental  activity, — a  reaction  usually  interpreted  to  mean  a 
greater  flow  of  blotid  to  the  brain. 

Fatigue  of  the  Olfactory  Apparatus. — It  is  a  matter  of 
common  observation  tliat  many  odors,  such  as  the  j^erfumes  of 
flowers,  quickly  cease  to  give  a  noticeable  sensation  when  the  stimu- 
lation is  continued.  This  result  Ls  usually  attril)uted  to  fatigue 
of  tlie  Hense  cells  in  the  end-organ  and  it  Is  noticeable  chiefly  with 
faint  oilors.  One  who  sits  in  an  ill-ventilated  room  occupietl  by 
many  persons  may  Ik*  cjuite  imconscious  of  the  impleasjint  odor 
from  the  vitiated   air.  while  U»  a  newcomer  it   is  most  distinct. 

Threshold  Stimulus-  Delicacy  of  the  Olfactory  Sense. — 
Tiw  extraordinary  deli<'acy  <tf  the  sense  of  ^niell  in  some  of  th<'  lower 
animals  is  j-eemingly  Ijeyond  the  power  of  objective  me.'isurement  or 
•Shields,   '  JouniHl  of  Cxperimonta]  Medicine."  I.  181)6. 
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expression.  The  ability  of  a  dog,  for  instance,  to  follow  the  trail  of 
a  given  person  depends  undoubtedly  upon  the  recognition  of  the 
iudividiial  (uJor,  and  the  actual  amount  of  olfactory*  material  left 
U|x>n  the  ground  which  sen'es  as  the  stimulus  must  be  iofinitesi- 
mally  small.  Even  in  ourselves  the  actual  amount  of  olfactory 
material  which  suffices  to  give  a  distinct  seasation  is  often  beyond 
our  means  of  determination  except  by  the  aid  of  calculation.  It 
is  recognized  in  chemical  work^  for  instance,  that  traces  of  known 
substances  too  wrnall  to  give  the  ordinan.'  chemical  reactions  may  be 
detected  ea«ly  by  the  sense  of  smell.    By  taking  know^n  axnouBts 


Fts.   116. — ZwaariJeniaker's  oUoclnmeter. 


of  odoriferous  suhstance.s  and  diliitiii^  ihem  to  known  extents  it  is 
possible  to  express  in  woiphts  the  minimal  anicmnt  of  each  substance 
that  can  cause  a  sensiilion.  Uy  this  method  such  figures  ns  the 
following  are  obtained :  C^imphor  is  j>?rceived  in  a  dilution  of  1  |jart 
to4<)0.(MK>;  musk,  1  part  to8,(HK).(MM);  vanillin,  I  part  to  ]0,000,(XX); 
while,  iicfonlinc  tf>  the  px|"rt»rinients  of  Fischer  and  Penzoldt, 
mercaj)tan  may  be  detocte<i  in  n  dihilion  of  .^^j^^p^,^  of  a  milli- 


gram in  I  liter  of  air  or 
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of  a  milligram  in  50  c.c.  of  air. 


Various  methods  have  been  proposed  to  detennine  the  relative 
delicacy  of  the  olfactor>' .'tense  in  different  jxrsons.  am!  these  methods 
have  some  application  in  the  clinlcu!  diagnosis  of  certain  cases. 
Zwaardemaker  ha.s  dexised  a  simple  a|>paratus,  the  olfactometer, 
the  principle  of  which  is  illustrat+^d  in  Fig.  116,  It  consists  of  an 
outside  cylinder — the  olfattorv^  cylinder  whose  inner  surface  is  of 
porous  material  which  can  he  fillerl  with  a  known  strength  of  olfac- 
tory solution — and  an  insiile  tube,  smelling  tube.  'J'hi.s  latter  is 
applied  to  the  nose  and  where  it  runs  intside  the  cylinder  it  isgradu- 
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ated  in  centimeters.  It  is  evi<lent  that  the  further  out  the  inner 
lube  is  pulled  the  greater  will  be  the  amount  of  olfactory  substance 
which  will  be  exposed  to  the  inc*oming  air  of  an  inspiration. 

Conflict  of  Olfactory  Sensations. — When  different  Ofiors  are 
inhaled  .-^iiniiltaneously  ihrtmgh  the  two  nostrils  they  may  give  rise 
to  the  phenomenon  of  a  conflict  of  the  olfactorj'  fields  similar  to  that 
<lescrihed  for  the  visual  fields.  That  is,  we  perceive  first  one  then 
the  other  without  obtainijig  a  fused  or  compound  sensation.  The 
result  depends  largely  on  the  odors  selected.  In  some  cases  one 
odor  may  predominate  in  consciousness  to  the  entire  suppression 
of  the  other, — a  phenomenon  which  also  has  an  analog>' in  binocular 
sensations.  It  is  well  known,  also,  that  certain  odors  antagonize  or 
neutralize  others.  It  is  said,  for  instance,  that  the  odor  of  iodoform, 
usuaily  so  persistent  and  so  di>;agreeable,  may  be  neutralized  by  the 
addition  of  Peru  balsam,  and  that  the  odor  of  carlx)lic  acid  may 
destroy  that  of  putrefactive  processes.  Whether  the  neutralization 
is  of  a  chemical  nature  or  is  physiological  does  not  eeem  to  have 
been  definitely  ascertained. 

Olfactory  Associations. — Personal  experience  shows  clearly 
that  olfactor\'  sensations  arouse  numerous  associations — our 
olfactori'  memories  arc  good.  On  the  anatomical  side  the  cortical 
center  in  the  hippocampal  lobe  is  known  t^:)  be  widely  connected 
with  other  i)art:s  of  the  cerebrum,  and  we  have  in  tliis  fact  a  basis  for 
the  extensive  associations  connected  with  oilors.  In  animals  like 
the  dog,  with  highly  developed  olfactory-  organs,  it  is  evident  that 
thia  sense  must  play  a  correspondingly  large  part  in  the  psychical 
life.  In  such  animals  as  well  as  among  the  invertotjrales  it  is  in- 
timately connccteti  with  the  sexual  reflexes,  and  some  remnant  of 
this  relationship  is  obvious  among  human  l>eings.  Among  the  so- 
called  special  senses  that  of  smell  is  perhaps  the  one  most  closely 
connected  with  the  botlily  appetites,  and  overgratification  or  over- 
indulgence of  this  sense. according  to  historical  evidence, has  at  least 
been  associated  with  pericKls  of  marked  decadence  of  virtue  among 
ci\ilized  nations. 


PHYSIOLOGY  OF  THE  EYE. 

The  eye  is  the  peripheral  orgmi  of  vision.  By  means  of  its 
peculiar  physical  gtriirtim>  rays  of  light  from  external  objects  are 
focused  upon  the  retina  ami  there  wet  up  nerve  impulses  that  are 
transmittal  by  the  fibers  of  the  optic  nerve  and  optic  tract  to  the 
visual  center  in  the  cortex  of  the  bruin.  In  this  last  or^an  is 
aroused  that  reaction  in  consciousness  which  we  designate  as  a 
visual  sensation.  In  studying:  the  pliysit*loK>'  of  vision  we  may 
consider  the  eye,  Mi-st,  as  an  optical  instrument  physically  adapted 
to  form  an  ima^  on  the  retina  and  ]>rovided  with  certain  physi- 
ological mechanisms  for  its  rt^gulation:  .secondly,  we  may  study 
the  properties  of  the  retina  in  relation  to  its  reactions  to  Hphl, 
and  lastly,  the  visual  sensations  themselves,  or  the  physiology 
of  the  visual  center  in  the  brain. 


CHAPTER  XVII. 


THE  EYE  AS  AN  OPTICAL  INSTRUMENT^DIOPTRICS 
OF  THE  EYE, 


Fonnation  of  an  Image  by  a  Biconvex  Lens.— That  the  re- 
fractive surfaces  of  the  eye  form  an  image  of  external  objects  upon 
the  retinal  surface  is  a  necessary  conclusion  from  its  physical  struc- 
ture. The  fact  may  be  demonstrated  directly,  however,  by  ob- 
servation upon  the  excised  eye  of  an  albino  rabbit.  The  thin  coats 
of  such  an  eye  are  semitransparent,  and  if  the  eye  is  placed  in  a  tube 
of  blackened  paper  and  held  in  front  of  one's  own  eyes  it  can  be  seen 
readily  that  a  small,  inverted  image  of  external  objects  is  formed 
upon  the  retinal  surface,  just  as  an  inverted  image  of  the  exterior  is 
formed  upon  the  ground  glass  plate  of  a  photograpluc  camera.  This 
image  is  formed  In  the  eye  by  virtue  of  the  refractive  surfaces  of  the 
cornea  and  the  lens.  The  curved  surfaces  of  these  transparent  bodies 
act  substantially  like  a  convex  glass  lens,  and  the  physics  of  the 
formation  of  an  image  by  such  a  lens  may  be  used  to  explain  the 
refractive  processes  in  the  eye.  To  understand  the  fonnation 
of  an  image  by  a  biconvex  lens  the  following  physical  facts  must  lie 
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l*ome  in  mind.  Parallel  rays  of  light  fallliif;  upon  one  surface  of  the 
Ieii8  are  brought  to  u  point  or  focus  {F)  LichinJ  the  other  surface 
(Fig.  117).  This  focus  for  parallel  rays  is  the  princifial  focux  and 
the  distance  of  this  point  from  the  lens  13  the  principal  jocal  dis- 
tance. This  (liHtance  depends  u|)on  the  purvuluw  of  the  lens  and 
iX»  refractive  power,  as  measured  by  the  refractive  index  of  the 
txiat«riul  of  which  it  Is  composed.  Parullel  rays  are  ^iven  theo- 
retically by  a  source  of  lisht  at  an  infinite  distance  in  front  of  the 
lens,  but  practically  objects  not  nearer  than  about  twenty  feet 
give  rays  so  httle  divergent  that  they  may  l)e  considered  as  par- 
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Re.  117. — DiacnnM  to  inustrmte  the  r«rrmction  of  lii^t  hy  m  convex  lent :  a..  Refnw- 
Ikw  «C p*rmllrl  my*  :  b..  rrfrnriion  of  divrrKeal  r»y»  ;  c,  rdrftcUoo  of  diverc«ot  rmym  fram 
point  nearrr  tliAo  the  phricip«l  focal  dtfiianoe. 


allel.  On  the  other  hand,  if  a  luminous  object  is  placed  at  F  the 
rays  from  it  that  strike  upon  the  lens  will  emerge  from  the  other 
surface  as  parallel  rays  of  light.  If  a  luminous  point  (/,  Fig.  117) 
is  placed  in  front  of  such  a  lens  at  a  distance  greater  than  the 
principal  focal  distance,  but  not  so  far  as  to  give  practically 
parallel  rays,  the  cone  of  diverging  rays  from  it  that  impinges 
upon  the  surface  of  the  lens  will  be  brought  to  a  focus  (/')  further 
away  than  the  principal  focus.  Conversely  the  ra>'S  from  a 
luminous  pioint  at  /'  will  Im?  brought  to  a  focus  at  /.  These  points, 
/  and  /',  arc  therefore  spoken  of  as  conjugate  foci.     All  luminous 
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points  within  the  liniit.s  specified  will  have  their  corresponding 
conjugate  foci,  at  whic-h  their  images  will  Ije  formed  by  the  lens. 
Lastly,  if  a  luminous  jioint  is  placed  at  r,  Fig.  117.  nearer  to  the 
lens  than  the  principal  focal  distance,  the  cone  of  strongly  di- 
vergent rays  that  falls  upon  the  lens,  although  refracted,  is  still 
divergent  aft^r  leaxnng  the  Ions  on  the  other  side  and  consequently 
is  not  focused  and  forms  no  real  image  of  the  point.  For  everj*  lens 
there  is  a  point  known  as  the  optical  center, and  for  biconvex  lenses 
this  point  lies  within  the  lens,  o.  The  line  joining  this  center  and 
the  principal  focus  is  the  principal  axis  of  the  lens  (o-F,  Fig.  117). 
All  other  straight  lines  jxiasing  through  the  optical  center  arc  known 
as  st^comlarf/  axes.  Hays  of  light  that  arc  cuincident  with  any  of  these 
secondary  axes  suffer  no  angular  deviation  in  passing  through  the 
lens;  they  emerge  parallel  to  their  line  of  entran<'e  and  practically 
unchanged  in  direction.    Moreover,  any  luminous  point  not  on  the 


Fig.  118. — Dimcrams  to  illustrate  the  formation  of  an  unace  by  a  biconrex  lena:    a.  For* 
mation  of  th«  tmase  of  a  jxiUiC;  b,  formation  of  the  MnagM  of  a-aeriee  of  poiDto. 
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principal  axis  will  have  its  image  (conjugate  focus)  formed  some- 
where upon  the  secondar)'  axis  drawn  from  this  point  through  the 
optical  center.  Tlie  exact  p*)sition  of  tho  image  of  such  a  point 
can  be  deteniiined  by  the  following  ronstniction  (Fig.  118) :  Let  A 
represent  the  hmiinous  point  in  ([ucstion.  It  will  throw  a  cone  of 
rays  upon  the  lens,  the  limiting  rays  of  which  may  be  represented  by 
*'l-^  and  A-c.  One  of  these  rays,  A-p.  will  be  parallel  to  the  prin- 
cipal axis,  and  will  therefore  pass  through  the  principal  focus,  F. 
If  this  distan(;e  is  determined  and  is  indicated  properly  in  the 
construction,  the  line  A-p  tuny  be  drawn,  as  indicated,  so  us  to 
pass  through  F  after  leaving  the  lens.    The  point  at  which  the 
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prolongation  of  this  line  outs  the  secon<Jar>'  axis,  A-o,  marks  the 
conjugate  focus  of  -4  unci  gives  the  jwsition  at  which  all  of  the 
rays  u-i!l  be  focused  to  form  the  imape.  a.  In  calculating  the 
position  of  the  image  of  any  object  in  front  of  the  lens  the  same 
method  may  \ye  followed,  the  construction  being  drawn  to  de- 
temunc  the  images  for  two  or  more  limit  in;;  jwints,  as  shown 
in  Fig.  118.  Let  A-B  be  an  arrow  in  front  of  the  lens.  The  image 
of  A  will  bo  formetl  at  a  on  the  secondare'  axis  A-o,  and  the  image  of 
B&ib  along  the  secondary  axis  B-o,  The  images  of  the  intervening 
points  will,  of  course,  lie  between  a  and  6;  so  that  the  image  of  the 
entire  object  will  be  that  of  an  inverted  arrow.  This  image  may  be 
caught  on  a  screen  at  the  distance  indicated  by  the  constmction  if 
the  latter  is  cirawn  to  scale.  The  principal  focus  of  a  convex  lens 
may  be  determined  experimentally  or  it  may  be  calculated  from  the 
formula  ~  +  ^  - 1  in  which  /  represents  the  principal  focal  dis- 
tance and  p  and  p*.  the  conjugate  foci  for  an  object  farther  away 
than  the  principal  focal  distance.  That  is,  if  the  distance  of  the 
object  from  the  lens,  p,  b  knowTi,  and  the  distance  of  its  image,  p*, 
is  determined  experimentally,  the  principal  focal  distance  of  the 
lens,  /,  may  be  determined  by  the  formula,  or  if  any  two  of  the  fac- 
tors, p,  p*,  and  /,  are  known  the  third  may  be  reckoned  from  the 
formula. 

Formation  of  an  Image  by  the  Eye. — As  stated  above,  the  re- 
fractive surfaces  of  the  eye  act  essentially  like  a  convex  lens.  As  a 
matter  of  fact,  these  refractive  surfaces  are  more  complex  than 
in  the  case  of  the  biconvex  lens.  In  the  latter  the  rays  of  light 
suffer  refraction  at  two  points  only.  Where  they  enter  the  lens 
they  pass  from  a  rarer  to  a  denser  medium  and  where  they  leave  the 
lens  they  pass  from  a  denser  to  a  rarer  medium.  At  these  two 
points,  therefore,  they  are  refracted.  In  the  eye  there  is  a  larger 
series  of  refractive  surfaces.  The  light  is  refracted  at  the  anterior 
surface  of  the  cornea,  where  it  jMisses  from  the  air  into  the  denser 
medium  of  the  cornea;  at  the  anterior  surface  of  the  lens,  where  it 
again  enters  a  denser  mediimi;  and  at  the  posterior  surface  of  the 
lens,  where  it  enters  the  less  dense  Antreous  humor.  The  relative 
refractive  powers  of  these  different  media  have  l>e€n  determiner! 
and  are  expressed  in  tenns  of  their  refractive  indices,  that  of  air 
being  taken  as  unity.* 

The  three  points  at  which  the  light  is  refracted  arc  indicated 

*  The  tenn  index  of  refraction  expreases  the  constant  ratio  between  tba 
an^tei  of  incidence  and  of  refraction,  or  specifically  between  the  sine  of  the 

wuele  of  incidence  and  the  sine  of  the  angle  of  refraction:  -: —  index  of 


refraction. 
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Index  of  refraction  for  air »  1 

Index  of  refraction  for  cornea  and  aqueous  hu- 
mor   -  1.3365 

Index  of  refraction  for  crystalline  lens =  1.4371 

Index  of  refraction  for  vitreoua  hwmor =  1.3305 

in  the  accompanying  ychoina  (Fig.  119).  The  refractive  siirfi 
of  the  eye  raay  be  consi  Jcred  as  being  composed  of  a  concavo-convex 
lens,  the  cornea  and  aqueous  hiinior,  and  a  biconvex  lens,  the 
crystalline  lens.  In  a  system  of  thin  kind,  composed  of  several 
refractive  mcdia^  it  has  been  shown  that  to  constnict  geometrically 

the  path  of  the  rays  it  is 
necessary  to  know  mx 
jx>int.«! ;  these  are  the  six  car- 
dinal points  or  optical  con- 

•^^ ' T   T  ~¥^  ^      ytaiits    of    Gauss,- — namely. 

the  anterior  and  the  poste- 
rior focal  distance,  the  two 
nodal  jx^ints,  and  the  two 
princijial   points.       So   far 

FiK.  119.— Diagrnm  to  illustrate  the  surfaces        as    the    CVC    is    COnCCmed,   it 
in  the  eye  at  whica  the  raya  of  light  are  chiefly       ,  ,        '       ,  .  , 

refracted.  has  bccH    shown   that  the 

path  of  the  rays  of  light 
may  be  represented  with  sufficient  accuracy  by  employing  what  is 
known  as  the  reduced  schematic  eye  of  I.isting,  in  which  the 
refraction  is  auppo.setl  to  take  place  at  a  single  convex  surface 
sejMirating  two  media,  the  air  on  one  side  and  the  media  of  the  eye 
on  the  other,  the  latter  having  a  refractive  imlex  of  1.33  (see  Fig. 
120).  In  this  reduced  eye  the  position  of  the  ideal  refracting 
surface  c'  lies  in  the  aqueous  humor,  at  a  distance  of  2.1  mms.  from 
the  anterior  surface  of  the 
conieii.  iind  the  poyilkm  of 

the  nfHlul  point  or  optical  y  \ 

center- — that  is,  the  center 

of  curvature  of   the   ideal       f — -5. 

refructing   surface    lies    in 

the  crystalline  lens  at  n,  h  j. 

distance  of  7M  mms.  from 

the  anterior  surface  of  the  ^.     ,^    rx-  .    n  ^    .  .i.     ^     ^ 

.       .  Fijt.   120. — Diafcram  to  Ulu^intte  the  irduocd 

cornea.       The    nrincilial  fo-  or  schematic  eyo»iih  a  nnalr  refrnctinu  vurlace 

...                   r         t  ■          !•  aeparatirtK  twt>  meJia  <jf  ilifTercul  deitsilies:  e*, 

Cal  distance  lor  this  refract-  the    ideal    fprrartlne    surface    «»iintrd  LM  mma. 

t                 _r            y            J.            t'  behind  the  arttcnur  Murfnre   of   real  romra;    n. 

mg    SUnnce     lies    at    a    rilS-  the   notloJ   pf.int.  or  center  of  curv-siure  of  tha 

*»-n,.»    «f    OAT   n.T^^  .       ...Uwt,  surface  c',  aod    l.'i.S    mnin.    in    frunt    uf    nrtiiuL. 

lance  Ot    ^i)./    mms.,   wnicn  1^^  eyehaU  i.**  auppo»d  to  be  fiUcd  with  a  uni- 

tL'niilr)      ho      Miiiivjilont      in  f°""  aubirtancc  hasniiR  a  refmciive  index  uf  l,33i 

^OUia      l>*-      eiiunaieni      lO  equal  tothat  of  the  ^ntrwu«  hmnor. 

22.8    mms.    {20.7   -h    2.1) 

from  the  actual  surface  of  the  cornea  and  15.5  mms.  (22.8  —  7.3) 
from  the  nodal  point.  In  the  eye  at  rest  this  principal  focal 
distance  coincides  with  the  retina,  since  the  refracting  surfaces 


I 


DIOPTRICS  OF  THK  EYE. 


291 


I 


I 


normal  resting  eye  are  so  foi-med  that  parallel  rays  (rays 
from  distant  objects)  are  brought  to  ii  focus  on  the  retina.  To 
show  the  formation  of  the  image  (tf  an  external  object  on  the  retina 
it  suffices,  therefore,  to  use  a  construction  such  as  is  repi-efsented  in 
Fig.  121.  Seeondar\'  axes  are  drawn  from  the  lirnititjg  fK)int.s  of  the 
olijtHJl — -4.  and  B — thnjugh  the  nodal  |X3int.  When?  these  axes 
cut  the  retina  the  retinal  image  of  the  object  will  be  formed.  That 
is,  all  the  rays  of  light  proceeiiing  from  A  that  penetnvtA?  the  eye  will 
be  focused  at  a,  and  all  proceeding  from  B  at  b.  The  image  on 
the  pctina  will  therefore  be  inverted  and  will  Ijc  smaller  than  the 
object.  The  angle  formed  at  the  nodal  |>i)int  by  the  lini^s  A-n  and 
B-n  Ls  known  a;*  the  visiuil  angle;  it  varies  inversely  with  the  dis- 
tance of  the  object  fmm  the  eye. 

The  Inversion  of  the  Image  on  the  Retina. — Although  the 
images  of  external  objects  on  the  retina  arc  inverted,  we  hco  ihcm 
erect.  This  fact  is  easily  understood  when  we  rcnK'niUer  that  our 
actual  visual  .sen.sation.s  take  place  in  the  brain  and  that  the  pro- 
jection of  these  sensations  to  the  exterior  is  a  secondary  act  tliat  has 
been  learned  from  experience.  Experience  has  taught  us  to  project 
the  visual  sensation  arising  fmm  the  stimulus  of  any  given  point  on 
the  retina  to  that  [lart  of 
the  external  world  from 
which  the  stinuilus  arise^;, 
— thai  is,  lo  the  lumin- 
ous point  giving  origin  to 
the  light  rays.  Accord- 
ing to  the  physical  prin- 
dplca  descrilwd  above, 
the  image  of  such  a  point 
must  be  formed  on  the 
retina  where  the  second- 
ary axis  from  that  point 

through  the  nodal  p<3int  touches  the  retina.  In  projecting  this 
retinal  stimulus  outward  to  its  source,  therefore,  we  have  learned 
to  proj(*ct  it  back,  as  it  were,  along  the  line  of  its  secondary  axis. 
In  Fig.  121  the  retinal  stimulus  at  a  is  projected  outward  along 
the  line  ti-n-Aj  and  to  such  a  distance  as,  from  other  sources,  we 

iinate  the  object  A  to  l>e.  This  law  of  projection  is  fixed  by 
rience,  but  it  implies,  as  vnl\  be  noted,  that  we  are  conscious 
of  the  diflfercnces  in  sensation  aroused  by  stimulation  of  different 
parts  of  the  retina.  Considering  the  retina  as  a  sensori'  surface, 
— like  the  skin,  for  instance, — each  point,  speaking  in  general  terms, 
may  be  assumed  to  be  connectc<i  with  a  definite  jxirtion  of  the 
cortex,  and  the  sensation  aroused  by  the  stimuLition  of  these  dif- 
ferent points  must  differ  to  some  extent  in  consciousness,  each  has 


Imk-  121. — DiAffram  lo  illustmte  tb«  conslruc^ 
linn  nererwary  to  (iclcrmitie  tlie  location  an  J  siM  of 
the  relinol  image. 
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its  local  sign.  The  Hetisalioii.s  arL^in;;  fi^om  euch  nf  theye  points 
have  learneii  to  project  outwanl  into  the  extermii  worM  along  the 
Hne  from  it  to  the  nodal  point  of  the  eye,  l>erause  under  the  normal 
conclitious  of  Ufe  this  ]>oiut  is  slimulateJ  only  by  external  objects 
situated  on  this  hne.  This  law  of  projection  is  so  firmly  fixed  that 
if  a  given  point  in  the  retina  is  .stiinulatt;U  in  some  unusual  way 
we  still  project  the  ret;ultiiig  sensation  outwanl  according  to  the 
law,  and  thus  make  a  false  projection  and  interpretation.  For 
instance,  if  the  little  finger  is  inserted  into  the  inner  and  lower  angle 
of  the  eye  and  is  pressed  upon  the  e>ebal]  the  etlge  of  the  nnina  is 
stimulated  mechanically.  One  experiences,  in  consequence,  a 
visual  sensation,  known  a.s  a  phosphcne,  contdsting  of  a  dark-blue 
spot  surrounded  by  a  light  halo.  This  sensation,  however,  is 
prtijected  out  toward  the  uj>i>er  and  outer  angle  of  the  eye,  accorrl- 
ing  to  the  law  of  projection,  since  norniully  this  part  of  the  retina 
is  only  stinitilated  by  light  coming  fn>tn  si;eh  a  ilirection.  A  similar 
error  in  projection  is  obtained  by  holding  objects  so  close  To  the  eye 
that  a  physical  inverted  uriage  cannot  be  formed,  but  only  an  erect 
shadow  image.  This  experiment  may  he  pt^rformed  as  follows: 
Hold  the  head  of  a  pin  close  to  the  eye,  and,  in  onler  that  a  sharp 
shadow  may  be  thrown,  allow  the  light  to  fall  on  this  pin  through 
a  pinhole  in  a  card  held  somewhat  farther  from  the  eye.  By  this 
means  an  erect  shadow  of  the  pin,  lying  in  the  circle  of  light  from 
the  hole,  will  be  throwTi  on  the  eye.  This  shadow  image  will  be 
projected  outward  according  to  the  usual  law,  and  consequently 
will  appear  inverted. 

The  Size  of  the  Retinal  Image. — 'I'he  size  of  the  image  of  an 
object  on  the  retina  may  he  reckoned  eaaly,  provided  the  size  of  the 
obje(?t  and  its  distance  from  the  eye  is  known.  As  will  be  seen  from 
the  constniction  given  in  Fig.  121 ,  the  triangles  A-n-B  and  a-n-b  are 
symmetrical;  consequently  we  have  the  ratio: 
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Size  of  object 
Sixe  of  image 


b     : 
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n-ti 


A-n   : 
that  is 
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Distvice  of  object  frona  nodal  point. 
Distance  of  imftge  from  nodal  point. 


As  was  stated  al>ovc,  the  distance  of  the  itiiagc  from  the  nodal 
point — that  is.  the  distance  of  the  retina  from  the  nodal  point — 
may  be  placed  at  15.5  or  15  mms.  Consequently,  three  of  the  factors 
in  the  al>ove  equation  lieing  known,  it.  is  easily  solved  for  the  un- 
known factor— narnelVt  the  size  of  the  image  on  the  retina.  To 
take  a  concrete  example ;  suppose  it  is  desired  to  know  the  size  on 
the  retina  of  the  image  made  by  an  object  120  feet  high  at  a  distance 
of  one  mile  (5280  feet).    If  we  designate  the  size  of  the  image  as  x 
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and  substitute  the  known  values  for  the  other  terms  of  the  equation, 
we  have      -  =    T.  .  or  j*  =  0.341  mm.,  whirh  is  about  the  diam- 

eter  of  the  fovea  centralis.  The  rctimil  inui^e  of  the  object  in 
this  caw  would  be,  in  round  numbers,  alM>ut  nnr^oTTir  of  ^^^  actual 
■xe  of  the  object. 

Accommodation  of  the  Eye  for  Objects  at  Different  Dis- 
tances.— The  normal  or,  as  it  is  sometimoH  nametl,  the  emmetropic 
eye,  is  arrangeti  to  focus  parallel  rays  more  or  les.s  accurately  uj«>n 
the  retina.  That  is,the  refractive  metha  liave  such  curvatures  and 
den.sitie>;  tliat  fmrallel.  or  suliKUintiiilly  |jarallel  rays  are  bnnight  to 
a  fociLs  upon  the  retinal  surface.  When  objects  are  brought  closer 
to  the  eye,  however,  the  rays  proceciling  from  them  become  more 
And  more  divergent.  If  the  eye  remains  unchanged  the  refracted 
rays  cut  the  retina  before  coming  to  a  focus — so  that  each 
lnminou.9  point  in  the  object,  instead  of  forming  &  point  upon  the 


Fl^  I2S. — IHaKnm  explaininit  the  chanirr  in  tha  position  of  the  imaitr'  rrHrcted  (rom  the 


retina,  forms  a  circle,  known  as  a  diffusion  circle.  An  this 
is  true  for  e^ch  point  of  the  object,  the  retinal  image  as  a  whole 
is  blurretl.  We  know,  however,  tlmt  up  to  a  certain  point 
at  lea&t  this  blurring  docs  not  occur  when  the  object  is  brought 
closer  to  the  eyes.  The  eye,  in  fact,  acconmiodateis  itself  to  the 
nearer  object  so  as  to  obtain  a  clear  focus.  In  a  photographic 
camera  this  accomn»odat ion  or  focusing  is  effected  by  moving  the 
ground  glafiw  plate  farther  away  as  the  object  is  brought  closer  to  the 
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lens.  In  the  eye  the  same  result  is  ohtnined  hy  inrrea.sing  the  curvfr 
ture  ami  therefore  the  refractive  power  of  ihe  lens.  That  a  change 
in  the  lens  is  the  essential  factor  in  accommodation  for  near  objcels 
is  demonstrated  by  a  simple  and  oonclusive  experiment  tievised  by 
Hclmholt?.  with  the  aid  of  what  are  known  as  the  images  of  Pui^ 
kinje.  The  principle  of  this  experiment  is  represented  by  the  dia- 
gram given  in  Fig.  122.  The  eye  to  be  obsen'ed  is  relaxed; 
that  is,  gazes  into  the  di.stance.  A  Hghted  candle  Is  held  to  one 
side  as  represented,  and  the  obser\'er  places  hLs  eye  so  as  to 
catch  the  light  of  the  candle  when  reflected  from  the  observed  eye. 
With  a  hltlc  practice  and  under  the  right  conditions  of  illumina- 
tion the  observer  will  be  able  to  see  three  images  of  the  candle  re- 
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FiC-   1^- — R«Hect«d  imagea  of  u  ctLiulki  flame  as  teten  in  the  pupil  uf  oil  eye  at  reit 
aocotnniodated  fur  near  objects. — (WitiiamM-) 


fleeted  from  the  cjbserved  eye  lis  from  a  mirror:  one,  the  brightest, 
la  reliected  from  the  convex  surface  of  the  cornea  (a,  Fig.  12^i,  A); 
one  much  dimmer  and  of  larper  size  is  reflected  from  the  convex 
surface  of  the  len.s  {/;.  Fig.  V2H,  A).  This  image  is  larger  and 
fainter  l>erause  the  i*eflecting  surface  is  less  curved.  Tlie  third 
imtige  (r,  Fig.  123,  A)  is  inverted  nnfl  is  smaller  and  brighter 
than  the  second.  This  image  is  reflected  from  the  posterior 
surface  of  the  lens,  which  acts,  in  this  instance,  like  a  concave 
mirror.  Tf  now  the  observed  eye  gazes  at  a  near  objei't  it  will 
l>e  noted  fFig.  1211.  B)  that  the  fii-st  image  does  not  change  at 
all.  the  third  image  also  remains  practically  the  same,  but  the 
middle  image  (h)  l>ecomcs  smaller  and  uppr<»aches  neai'er  to  the 
first  (fl).  This  result  can  only  mean  that  in  the  act  of  accom- 
modation the  anterior  surface  of  the  lens  becomes  more  convex. 
In  this  way  its  refractive  power  is  increased  and  the  more  diver- 
gent rays  from  the  near  object  are  focused  on  the  retina.  Helm- 
holtz  has  shown  that  the  curvature  of  the  posterior  surface  of  the 
lens  is  also  increased  slightly;  but  the  change  is  so  slight  that  the 
increased  refractive  power  \s  referred  chiefly  to  the  change  in  the 
anterior  surface.     The   means   by   wiiich   the   change   is   effected 
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wiis  first  explained  satisfnctorily  by  Helmholtz.*  He  attributed 
il  to  the  contraction  of  ihe  ciliiiiy  muscle.  This  smail  muscle, 
composed  of  plain  muscle  fibers,  is  found  within  the  eyeball,  lying 
between  the  choroid  and  the  sclerotic  coat  at  the  point  at  which  the 
ederulic  passers  into  the  comeu  ami  the  choroid  faUst  into  the  ciliarj* 
pgDceaaes.  Some  of  lis  fibers  take  a  more  or  less  circular  direction 
around  |he  eyeball,  resembling  thus  a  sphincter  muscle,  wliile  others 
take  a  radial  direction  in  the  plane  of  the  meridians  of  the  eye  and 
have  their  iniicrtion  in  the  choroid  coat  (Fig.  124).  When  thLs 
muficlc  contracts  tlie  radial  Kbers  especially  will  pull  forward  the 
choroid  coat.  The  effect  of  this  change  in  the  choroid  is  to  loosen 
the  pull  of  the  suspensory  ligament  (zonula  Ziiuiii)  on  the  lens  and 
thi>  oi:gan  then  bulges  forwanl  by  its  own  elasticity.  The  thwir^' 
aasumoji  that  in  a  condition  of  rest  the  suspenK>r\-  ligament,  which 
runs  from  the  ciliarj'  processes  to  the  capsule  of  the  lens,  exerts  a 
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RB.  134.  — MeridJoiuU  •setioo  of  eyeball  after  ramovml  of  acJeratw  co*t.  coraea.  Mttl  iru* 
to  tbow  Um  pCMtlon  of  the  eJlWy  muscle. — iSehuUtf.) 


tension  ujjon  the  lens  which  keeps  it  flattened,  particularly  along 
it*!  anterior  surface,  since  the  ligament  is  attached  more  to  thL*^  side. 
When  this  tension  is  rclicred  intlin?ctly  by  the  contraction  of  the 
ciliary  muscle  the  elasticity  of  the  lens,  or  rather  of  the  capsule  of 
the  lens,  causes  it  to  assume  a  more  spherical  shape  along  its  anterior 
surface,  and  the  amount  of  this  change  is  proi^:)rtional  to  the 
extent  of  contraction  of  the  muscle.  Other  theories  have  l>een 
proposed  to  explain  the  way  in  which  the  contraction  of  the  ciiiar>* 


isoe. 


*H«tmholti,  "Uandbuch  dcr  physiologischen  Optik,"  second  edilion. 
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muscle  effects  n  change  in  the  curvature  of  the  lens,*  but  none  is 
so  simple  and,  on  the  whole,  so  satisfactory  as  the  one ''suKgestod 
bv  Helmhollz- 

It  ia  interesting  to  not€  that  in  fiahcK  acconimrHlnlion  is  effected  in  & 
<iilTerent  way.  naniely.  by  niovfrnonts  of  tbf  k-iis  forward  and  backward. 
In  tliC!4e  animals  the  eye  when  at  rest  is  accommodatc<.l  for  near  vision,  and 
to  see  object*  at  a  distance  the  refractive  power  of  the  eye  is  diminiHb«i  by 
the  wniLractiouof  a  special  mnficle,  retra<ior  ienUs,  which  pulls  the  Ions  toward 
the  retina,  t 

Limit  of  the  Power  of  Accommodation — Near  Point  of 
Distinct  Vision. — When  an  object  is  brought  closer  and  closer  to 
the  eye  a  jwint  will  Iw  reached  at  which  it  is  impossible  by  the 
strongest  contraction  of  the  ciliary  muscle  to  obtain  a  clear  image 
of  the  object.  The  rays  from  it  are  so  divei^ent  that  the  refractive 
surfaces  are  unable  to  bring  them  to  a  focus  on  the  retina.  Each 
luininoas  jwint  makes  a  diffusion  circle  on  the  retina,  and  the 
wiiole  image  is  indistinct.  The  distance  at  which  the  eye  is  ju&t 
able  to  accommodate  and  within  which  distinct  Aision  is  impos- 
sible is  called  the  near  point.  C)bser\*ation  shows  that  this  near 
point  varies  steadily  with  age  and  Ijecomes  rapidly  greater  in  ihi^ 
tance  between  the  fortieth  and  the  fiftieth  year.  In  the  ca^e  of  tJie 
normal  eye  the  recession  of  the  near  point  varies  so  regularly  witJi 
age  that  its  detei*mination  may  be  iisetl  to  estimate  the  age  of  the 
individual.     Figures  of  this  kind  are  given  : 


AoE. 
10. 
20. 
30. 
40. 
50. 
GO. 


Nkaa  Point. 

7  cm.  or  2.76  in. 

10     "      "  3.94  " 

14     •'      "  6.61  •' 

22     "     "  8.66  •' 

40     "     "  15.75  " 

100     "     "  39.37  " 


This  gradual  lengthening  of  the  near  point  is  explained 
by  the  supix>sition  that  the  lens  loses  its  elasticity,  so  that  con- 
traction of  the  ciliary  muscle  has  less  and  less  efifect  in  causing  an 
increase  in  Its  curvature.  The  process  starts  very  early  in  life, 
and  Ls  one  of  the  many  facts  which  show  that  senescence  begins 
practically  with  l>irlh-  The  change  in  near  point  in  early  life  is  so 
slight  as  to  escape  notice,  but  after  it  reaches  a  distance  of  about 
25  cm.  (about  10  inches)  the  fact  obtrudes  itself  upon  us  in  the  use 
of  our  eyes  for  near  objects, — reading,  for  example.  The  condition 
is  then  designated  as  old-sightedness  or  presbyopia.  Most  normal 
eyes  become  so  distinctly  presbyopic  between  the  fortieth  and  the 
fiftieth  year  as  to  re<iuire  the  use  of  glasses  in  reading.  If  no  other 
defect  exists  in  the  eye,  this  deficieticy  of  the  lens  is  readily  over- 

•  See  Twheminj?,   "Optiqne  pliysiologique,"  Paris,    1898;   and   Schoen, 
"  Arcliiv  f.  die  gosammte  Phyaiologie 


t  See  Beer,  "  Wiener  klinische 


Paris, 
5'J.  427.  1895. 
WochenBchrift, "  1898.  No. 
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oome  by  using  suitable  convex  glasses  to  aid  the  eye  in  focusing 
;  rays.     It  is  ob\'ious  that  in  such  cases  the  glasses  need  not  be 
used  except  for  near  work. 

Far  Point  of  Distinct  Vision. — The  nomml  eye  is  so  adjusted 
that  parallel  rays  are  brought  to  a  focus  on  the  retina.  The  far 
point  is  therefore  theoreticaUy  at  infinity.  Objects  at  a  great 
distance  are  seen  distinctly,  as  far  as  their  size  permits,  without 
acconiinodation* — that  is,  with  the  eye  at  rest.  Practically  it  is 
found  that  objects  at  a  distance  of  6  to  10  meters  (20  to  30  feet)  send 
rays  that  are  sufliciently  parallel  to  focus  on  the  retiaa  without 
muscular  effort  on  the  part  of  the  eyes,and  this  distance,  therefore, 
measures  the  practical  far  \MHUt.  puncium  rrmolum,  of  the  iionjial 
eye.  The  rays  at  this  distance  are,  in  reality,  somewhat  divergent, 
and  that  they  protlucc  a  distinct  in}age  without  an  act  of  accom- 
modation may  be  due  to  tiic  fact  tliat  the  rods  and  cones,  the  really 
ttnsitivc  part  of  the  retina,  lio  not  fonn  a  niathemalicul  plane,  but 
have  a  certain  thickness  or  tlepth.  In  the  fovea  centrnliis,  for  in- 
stance, the  cones  have  a  lengtli  estimated  ((Ineeff)  at  So  /i  (0,085 
mm.),  and  since  the  displacement  of  the  focus  of  an  object  moved 
from  an  infinite  distance  (parallel  rays)  to  6  or  U)  melers  from  the 
eye  is  Icfs  than  this  amount^  the  focused  image  would  continue  to 
fall  on  some  part  of  the  cones  without  the  aid  of  the  niechamsm  of 
accommodation. 

The  Refractive  Power  of  the  Eye  and  the  Range  of  Accom- 
modation. -The  retraetive  power  of  jpuses  is  expressed  usually 
in  tei*m.s  of  their  principal  ffH-al  distance,  a  lens  with  a  distance 
of  one  meter  being  taken  as  the  unit  and  (JesiKnated  a.s  having  a 
refractive  power  of  one  diopter,  1  I).  Comparctl  with  this  unit, 
the  refractive  power  of  lenses  is  expressed  in  terms  of  the  recipro- 
cal of  their  principal  focal  distance  measured  in  meters;  thus, 
a  lens  with  a  principal  focal  tlistancfi  of  -^^  meter  b  a  lens  of  10 
diopters,  10  D.,  and  one  with  a  focal  ilistance  of  10  meters  is 
^  diopter  (0.1  D.).  The  anterior  principal  focal  distance  of 
the  combination  of  refractive  surfaces  in  the  eye  is  15.5  mms.  or 
,^  meters  The  reciprocal  of  this  length  of  focus.  *^"^'  or  64.5  I)., 
expresses  the  refractive  power  of  the  eye  under  the  normal  con- 
ditions in  which  the  rays  are  refracted  into  the  den.se  vitreous 
humor.  The  anterior  focal  length  of  the  cornea  alone  is  given  as 
23.3  mm.,  which  would  correspond  to  a  power  of  42.9  \>.,  while  the 
anterior  focal  lencth  of  the  lens  alone  is  equal  to  50.6  mm.  or  al>out 
20  D.  In  the  combined  system,  therefore,  the  action  of  the  cornea 
is  more  important  than  that  of  the  lens.  Removal  of  the  lens,  as 
in  cataract  operations,  does  not  lessen  the  refractive  power  of  the 
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eye  so  murh  as  when  the  action  of  the  cornea  is  destroyed,  as 
happens  for  the  most  part  when  the  head  ia  immei"seil  in  water. 
The  total  refractive  power  of  the  eye  is  inrreused  by  the  act  of 
accommodation,  on  account  of  the  greater  curvature  of  the  lens. 
As  stated  in  a  pre<'eding  paragraph  the  extent  of  accommodation 
varies  with  age.  At  10  yeai*s  the  range  is  from  infinity,  when  the 
eye  is  at  rest,  to  7  ctm.  when  the  maximum  acconunotiation  is 
used.  In  this  case,  therefore,  the  refractive  power  is  increased 
from  64.5  D.  to  7S.o  D.,  since  a  distance  of  7  ctm.,  y^  meter,  is 
equivalent  to  ^-^^  or  14  +  D.  The  decreasing  range  of  accom- 
modation as  age  increases  Ls  expressed  conveniently  in  th3  number 
of  diopters  which  may  Iks  added  to  the  refractive  power  of  the 
eye  by  the  action  of  the  ciliary  muscle. 

The   following    table    illustrates    the    usual    range    of    accom- 
modation for  different  ages  : 

RftngR  of  ArroiriniuilalMni 
Ycttrs.  in  dioptera. 

10  M 

15  12 

20  10 

25  &5 

30  7 

35  . 5.5 

40  4.5 

45  3.5 

oU  - 2.5 

55  U75 

m 1 

«5 0.75 

70 I).25 


Optical  Defects  of  the  Normal  Eye.— The  refractive  surfaces 

of  the  eye  cxliiliit  .sonir  of  the  optical  dcfcot.s  conunonly  noticed 
in  leases,  jmrt  iculaHy  tho.sc  defects  knowTi  as  chromatic  and  spherical 
aberration.  Wliit*»  light  i.s  composed  of  other  waves  of  different 
lengths  and  different  rapidities  of  vibration ,  the  shortest  waves  being 
those  at  the  ^'iolet  end  of  the  spectnmi  and  the  longest  thasc  at  the 
rcf!  end.  In  passing  thmngh  a  prism  or  lerLs  Ihesi*  waves  are  re- 
fraeie<l  unequally  and  are  tliercforc  more  or  less  dispersed  accord- 
ing to  the  character  of  the  refnicting  iue<lium.  The  short,  rapid 
waves  at  the  violet  end  are  refracted  the  ni<>st  and  are  bnnight  to 
a  focits  before  the  longer,  red  waves,  so  tliat  the  image  sliows 
fringes  of  color  instead  of  l)eing  pure  white.  Tliis  phenomenon 
is  known  as  chromatic  al>erralion.  Lenses  used  for  scientific 
purposes  are  corrected  for  this  defect  or  made  achromatic  by  a 
combination  of  lenses  of  crown  and  flint  glass  so  placed  that  the 
dispersive  power  of  one  neutralize-s  that  of  the  other.  The  eye 
exhibits  this  defect,  l:>ut  not  to  such  an  extent  as  to  be  noticeable 
in  ordiimrv  vision.     If,  however,  an  object  is  in  focus  when  \nei 
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red  light  it  can  be  shown  that  the  focus  must  l>o  chanKed  if  the 
same  object  Is  ilhiminate<i  by  violet  light.  Hclmholtz  estimates 
that  if  the  media  of  the  eye  possess  the  same  dispersive  power  as 
water  the  rays  of  violet  light  must  be  brought  to  a  focus  at  alx»ut 
0.434  mm.  in  front  of  that  of  the  rt'd  rays. 

Spherical  aixmition  depends  nixin  tho  fact  that  the  rays  near  the 
drewnfcrcncc  of  a  lens  arc  rcfracii'd  more  and  therefore  are  brought 
to  a  focus  sooner  than  those  entering  nearest  the  center.  This 
defect  may  be  notice<l  in  an  imrorrected  lens  by  the  fact  that 
when  the  center  of  the  image  is  in  exact  focus  its  mai^ins  are 
slightly  out  of  focus  and  vice  versa.  The  defect  is  usually  cor- 
rected, as  in  photography,  by  use  of  a  diaphragm  to  cut  off 
the  rays  from  the  periphery  of  the  lens.  In  the  eye  both  spher- 
ical and  chromatic  al>errations  are  reme<lied  to  a  large  extent  by 
a  similar  device.  The  iris  constitutes  an  adjustable  diaphragm, 
whicli  is  rcflexly  narrowed  as  the  light  increases  in  intensity  and 
thu.-*  cuts  off  the  rays  that  wouKl  go  through  tlie  periphery  of 
the  lens.  The  interesting  physiological  control  of  the  movements 
of  ihc  iris  is  described  below.  In  the  e>-e  the  defect  of  spherical 
alxrration  is  countcracteil  also  by  the  peculiar  structure  of  the 
crystalline  lens.  This  oigan  i.s  comjx)sed  of  concentric  layers 
whose  density  increases  toward  the  center.  The  result  of  this 
amogement  is  tluit  the  center  of  the  lens  is  more  refractive  than  the 
peripher>',  and  the  tendency  of  the  latter  portion  to  refract  more 
strongly  is  more  or  less  neutralized.  A  third  optical  defect  of  the 
eye  consists  in  the  fact  that  its  refractive  surfaces  are  not  absolutely 

ilered. — that  is,  the  centers  of  curvature  of  the  cornea  and  of  the 
;rior  and  the  posterior  surfaces  of  the  lens  do  not  he  in  the  same 
straight  line.  .Moreover,  the  optical  axis  of  the  system  does  not 
coincide  exactly  with  the  line  of  sight.  IJy  the  latter  term  we  mean  the 
line  from  the  point  lookeii  at  to  the  fovea  centralis  or  the  part  of  the 
fovea  on  which  the  image  of  the  jxiint  falls.  This  line  of  sight  or 
visual  a.xis  makes  an  angle  of  alxnit  five  degrees  with  the  <)ptieal 
axis.  The  system  would  be  more  perfect  as  an  optical  apparatus 
if  the  two  axes  coinciiled. 

Abnormalities  in  the  Refraction  of  the  Eye— Ametropia. — 
The  eye  that  is  nonual  and  in  wliich  parallel  rays  focus  on  the 
retina  when  tlieeyeis  at  rest  is  designated  as  emmetropic.  Any 
abnonnality  in  the  refractive  surfaces  or  the  shai)e  of  the  eyeball 
prevents  this  exact  focusing  of  parallel  rays  and  makes  the  eye 
ametropic.  The  mast  common  refractive  troubles  of  the  eye 
are  due  to  short -siglitedness  or  myopiii,  far-siirht(»dness  or  hyper- 
metropia,  astigmatism,  and  old-sighieilness  or  presliyopia.  Some 
description  of  these  conditions  is  useful  to  emphasize  by  contrast 
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the  mode  of  action  of  the  iiioptric  mechanism  in  the  normal  eye. 
but  for  a  full  ilescription  of  the  extent  and  complexity  of  these 
defects  i*eferenf'e  must  l>e  made  to  special  treatises  upon  the 
errors  of  refruiition  iii  the  eye. 

In  mijopia  or  near-sightedness  parallel  rays  of  light  are  brought 
t*i  a  fot'us  before  reaching  the  retina.  Consequently  when  the  rays 
fall  upon  the  retina  each  point  forms  a  dilTusion  circle  and  the  image 
is  indistinct.  This  defect  may  l>e  duo  to  an  abnormally  great  cur- 
vature of  the  refractive  surfaires,  the  cornea  or  the  lens,  or  to  an  ab- 
normal length  of  the  eyeliall  in  its  anteroposterior  diameter.  The 
latter  cause  is  the  more  common.  The  defect  may  be  congenital, 
but  usually  it  is  acquinofJ,  and  in  the  latter  case  its  cause  is  generally 
attributed  to  a  weakness  in  the  coats  of  the  eyeball.  The  interior 
of  the  eye  is  under  some  pressure,  intra-ocular  teasion,  which  is 
estimated  to  he  equal  to  the  pressure  of  a  column  of  mercury  25  to  30 
mms.  in  height.  This  tension  is  increased  by  strong  convergence  of 
the  eyeballs  in  looking  at  near  objeeti*.  Jf  the  coats  of  the  eye  are 
weak  or  beenme  so  from  disi'-ase  or  malnutritian  they  may  yield 
somewhat  to  this  pressure  and  the  eyeball  become  lengthened  in  the 
anteroposterior  diameter.  The  condition  as  regards  refraction  of 
parallel  rays  is  represented  then  by  the  diagram  5,  in  Fig,  125. 
The  retina  is  farther  away  than  the  princi[3al  focal  distance  of  the 
refractive  .surfaces,  and  if  the  defect  is  excessive  even  diverging 
rays  may  not  be  focused.  The  obvious  remedy  for  such  a  condition 
is  to  use  concave  lenses  before  the  eyes  for  distant  vision.  By  this 
means,  if  the  lenses  are  properly  chosen,  the  rays  will  be  given  such 
an  amoimt  of  divergence  that  tlie  focus  will  be  thrown  back  to  the 
retina.  As  compared  with  the  normal  or  emmetropic  eye,  the 
myopic  eye  has  its  far  ]>oint  of  distinct  vision — that  is,  the  farthest 
point  that  can  be  seen  distinctly  without  an  effort  of  aecommo- 
tion — less  than  twenty  feet  from  the  eye,  the  exact  distance  depend- 
ing upon  the  extent  of  the  myopia.  On  the  contrary',  the  near  point 
of  distinct  vision — that  is,  the  nearest  point  at  which  distinct  viaon 
can  be  obtained  with  the  aid  of  the  muscles  of  accommo<!ation — is 
closer  than  in  the  normal  eye.  Much  of  the  prevalent  myopia  m  the 
young  Ls  attributed  by  oculists  to  bad  methods  in  reading,  such  08 
insufficient  lighting,  small  print,  and  a  faulty  position  of  the  book. 
Such  conditions  lead  to  an  excessive  muscular  effort  and  thus 
aggravate  any  tendency  that  exists  toward  the  development  of  a 
near-sighted  condition. 

In  hypcrmctropia  the  conditions  are  the  opposite  of  those  in 
myopia,  rarallel  rays  of  light  after  refraction  in  the  eye  cut  the 
retina  before  they  conie  to  a  focus.  The  principal  focal  distance,  in 
other  words,  is  behind  the  retina.     In  this  case,   also,  each  point 
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of  a  (ilstunt  object  will  make  upon  the  retina,  when  the  eye  is  not 
arroninH)<ia(c<l,  a  (iiffiision  cii-cle.  and  the  imuKC  consequently  is 
blurretl.  This  ilefe<*t  may  l^  caused  by  a  letsjsene*!  curvature  or 
refractive  jwwer  in  the  cornea  or  lens,  but  in  the  majority  of  cases 
it  is  referable  to  a  diminution  in  the  anteroposterior  diameter  of 
the  eyeball.  This  condi- 
tion is  usually  conKonital: 
the  cyebrdl  from  biith  is 
smaller  than  the  nor-mat. 
The  path  of  the  parallel 
rack's  in  this  case  is  repre- 
sented in  the  diagram  i\ 
Fifi.  125.  When  such  an 
eye  looks  at  a  distant  ob- 
ject a  dear  imape  may  l>e 
obtained  only  by  using  the 
ciliar>'  muscle*  and  to  pre- 
vent this  constant  strain 
upon  the  mu«*le  of  accom- 
HKHlation  convex  glasses 
must  l)e  worn.  Glasses  of 
this  kind  converge  the 
rays  and  if  properly  chosen 
will  bring  parallel  niy.s  to 
a  focuK  without  the  con- 
stant aid  of  accommoda- 
tioa.  It  is  obvious  that 
in  the  hypermetropic  eye 
there  Ls  no  far  point  of 
dii>tinct  vision  when  the 
eye  is  at  rest,  since  some 
accommodat  inn    nuist    he 

used  to  bring  even  parallel  rays  to  a  focus.  The  near  point  of 
distinct  vision  will  l»c  farther  away  tlian  in  the  normal  eye.  since 
arrommoilation  logins  when  the  ruys  are  parallel  and  its  timit-s 
are  reache<i  with  a  lew,s  degree  of  divergence;  hence  the  name  of 
fur-sightedne>w. 

Prc^yopui  or  ol<i-sightc<lness  has  l)een  referreil  to  above  It 
is  due  to  a  grmiual  failure  in  the  effectivencya  of  acconmiodation 
with  increasing  age.  and  is  attributed  usually  to  a  progressive  in- 
crease of  rigidity  in  the  lens.  The  near  point  of  distinct  vi*sion 
recedes  farther  and  farther  from  the  eye.  and  consequently  in  close 
work  convex  glasses  must  l»p  worn  to  aid  the  accommodation.     It 

»bviouts  that  this  effect  of  old  age  will  l»e  less  notice^ible  in  the 


Fix.  126.-  Uiaicmn  bboMinx  Ibe  differenc6  be- 
tween nonnal  (A),  myupio  (tf).  and  hyt>ermetrof)«e 
(O  cycu.  In  B  and  r  tti«  dniteJ  line*  repr«Mnt  the 
path  of  tb«  rays  after  curreclion  by  glwaa. — (Bow- 
dUch.} 
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mj-opic  than  in  the  emmetropic  eye,  since  in  the  former  the  jffS!^ 
length  of  the  eyeball  requires  less  accommodation  in  near  vision  and 
the  faihire  of  the  lens  to  refract  is  therefore  not  felt  so  soon  What 
is  known  as  second-sight  in  the  old  may  be  bi-ought  about  by 
the  late  development  of  a  myopic  condition. — that  is,  by  a  change 
in  the  length  of  the  eyeball  or  by  a  swelling  of  the  cri'stalllne 
lens. — and  in  such  a  case  convex  glasses  for  near  work  may  Ije 
dispensed  with. 

Astiffmalinm. — In  a  perfectly  Dormal  or  ideal  eye  the  refractive 
surfaces,  cornea,  anterior  and  posterior  surfaces  of  the  lens,  are 
gections  of  true  spheres,  and,  all  the  meridians  being  of  equal 
cun-ature,  the  refraction  along  these  different  meridians  is  equal. 
Such  an  eye  will  bring  the  cone  of  rays  proceeding  from  a  luminous 
point  to  a  focal  point  on  the  retina,  barring  the  disturbing  ijifluence 
of  chromatic  and  spherical  aberration.  If,  however,  one  or  all  of  the 
refractive  surfaces  have  uneijual  cur\'atures  along  different  merid- 
ianb,  then  it  is  obvious  that  tlie  rays  from  a  luminous  point  can  not 
be  brought  to  a  focal  (Kjiiit,  since  the  rays  along  the  w.eridian  of 
greater  curvature  will  be  brought  to  a  focus  first  and  begin  to  diveige 
before  the  rays  along  the  le^ise^  cur\'ature  are  focused.  Such  a 
condition  is  designated  as  astigmatism  (from  a,  not,  and  ariffia, 
point).  The  effect  nia\*  ho  illustrated  by  the  diagram  in  Fig.  126, 
whieh  rppresrnts  the  refraction  of  the  rays  from  a  luminous  jx>int  by 
a  planoconvt^x  lens  whose  curvature  along  the  vertical  meridian  is 
greater  than  along  the  horizontal  meridian. 

The  rays  alon^  the  vertical  nieridinn  arc  brought  to  a  focus 
first  at  C?,but  those  from  the  horiz(>nta!  nii'ridianare  still  converging; 
8o  that  ascreen  placed  at  this  point  will  ^ivc  the  image  of  a  horizontal 
line  (fl-fi').  The  rays  along  the  horizontal  meridian  are  brought  to  a 
focus  at  B,  but  tho.^e  from  focus  G  have  by  this  time  spread  out 
in  a  vertical  plane,  so  that  a  screen  placed  at  this  jwint  will  give 
the  image  of  a  vertical  lino  (h-c).  In  between  the  images  will  be 
elliptical  or  circular,  lis  represented  in  the  diagram.  In  the  eye 
astigmatism  may  bo  ilue  to  an  inoquality  in  cun'ature  of  either  the 
cornea  or  the  lens,  and  may  be  either  regular  or  irregular.  By 
regular  astigmatism  is  meant  that  condition  in  which  while  tlie 
cun'ature  along  each  individual  meridian  is  equal  throughout  \\» 
course,  the  curvatures  of  the  different  meridians  var>'  and  in  such 
a  way  that  the  meridians  of  g!x»atest  and  least  curvature  are  at 
right  angles  to  each  other  or  approximately  so.  <>rdinar>*  aslig 
matism  is  of  the  regular  variety,  and  is  usually  attributed  to  a 
defect  in  the  curvature  of  the  cornea.  If  the  astigmatism  Ls  such 
that  the  vertical  meridian  has  the  greatest  curvature  it  Is  termetl 
''with  the  rule,"   since  usually  this  meridian  is  slightly  more 
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cun'wi  than  the  homontal  one.     If.  on  the  contran',  the  cur- 
vature along  the  horizontal  meridian  is  greater,  the  astigmatism 
is  "against  the  rule."     The  meridians  of  preiile^t  and  least  curva- 
ture may  not  lie  in  the  vertical  and  horizontal  planes,  but  in  some 
the  oblique  pltines;  but  so  long  as  they  are  at  right  angles  the 
;ijanati.sm  is  regular.     It  la  evitlent  that  such  a  condition  may 
■ted  by  the  use  of  cylindrira!  lenses,  so  chosen  as  to  in- 
the   refraction   along   the    meridian    in    which    the   cornea 
has  the  least  curvature,  in  w hich  case  a  convex  or  plus  cylinder  is 
U9e<l,  or,  on  the  other  hand,  to  diminish  nppr[>prialely  the  refraction 
along  the  meridian  of  greatest  curvature,  in  which  rase  ji  concave 
■    or  minus  cylinder  is  useti.     An  eye  that  suffers  from  a  marked 
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Flf.  12ft. — Schemm  to  illuirtrala  the  path*  of  the  nya  of  Ucht  in  a  ooraea  showing 
W  Afftiinnarisii. — iMcKmdrick.)  The  lower  lihc  of  figures  npre0«&t«  the  seciiaa  oi 
Iha  eoae  of  uicht,  or  the  imaon  obtained  nt  ittfTerent  4Hi(tance«.  The  iumce  variai  frutn  m 
borisonlal  to  •  vertical  Hue,  but  at  do  place  can  a  pouit  be  obtained  at  which  rays  aloag 
•11  mmndiMOa  are  (ocuined. 

depree  of  astigmatism  cannot  focus  distinctly  at  the  same  time 
lines  that  are  at  right  angles  to  each  other;  hence  the  use  of  a 
series  of  lines  whose  images  are  formed  along  the  different  meridians 
of  the  eye,  as  shown  in  Fig.  127,  will  reveal  this  defect  if  it  exists. 
If  the  eye  is  dire<'ted  to  the  center  of  intersection  of  the  lines  some 
of  the  lines  appear  <listLnct  while  tho.se  at  right  angles  to  them 
arc  blurred.  A  normal  eye  can  \>e  thrown  into  an  astigmatic  con- 
dition by  approximating  the  eyelids  closely.  In  this  position  the 
tears  make  a  concave  cylindrical  lens,  which  alters  the  curvature 
aloiig  the  vertical  meridian.  What  is  known  as  irregular  astig- 
matism is  due  to  the  fact  that  the  meridians  of  greatest  and  least 
curvature  are  not  at  approximately  right  angles,   or.  as  is  more 
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oommonly  the  case,  it  is  due  to  an  irregularity  in  the  cun-ature 
along  some  onp  nicriflian,  such  as  may  be  produced  by  a  scar  upon 
the  cornea.  This  condition  may  be  produced  from  a  variety  of 
causes  affecting  either  the  cornea  or  the  lens,  and  practically  it 
can  not  be  corrected  by  the  use  of  lenses.   As  Helnihohz  has  shown, 

a  .small  degree  of  irregular 
astigmatism  is  present  nor- 
mally, owing  to  a  certain 
asymmetry  in  the  curvature 
of  the  lean.  This  defect  is 
made  apparent  in  the  visual 
sensations  caused  by  a  point 
of  light ,  such  as  is  furnished, 
foriiistance,  by  a  fixed  star. 
The  retinal  image  in  these 
cases,  instead  of  being  a  sym- 
metrical jx)int,  is  a  radiate 
figure  the  exact  form  of 
which  may  var>'  in  different 
eyes.  For  this  reason  the 
fixed  stars  give  us  the  well- 
known  .star-shaped  image 
in.stead  of  a  clearly  defined 
point. 

Innervation  and  Physiological  Control  of  the  Ciliary  Muscle 
and  the  Muscles  of  the  Iris. — Fmni  au  optical  iK>int  of  view  the 
iris  plays  the  part  of  a  diaphragm.  It  is,  moreover,  an  adjustable 
diaphragm  the  aj^erture  of  wluch — tliat  is,  the  size  of  the  pupil — 
is  varied  reflexly  acciinUng  to  the  conditionn  of  illumination.  Its 
adjustments  an;  made  jjossible  by  the  faet  that  it  contains  within 
its  sub.stancc  two  bands  of  muscular  tissue,  one,  the  sphincter 
muscle,  forming  a  circular  ring  whose  contraction  diminishes  the 
aperture  of  the  pupil,  and  the  other  a  dilator  muscle  whose  contrac- 
tion widens  the  pupil.  Kach  of  the^se  muscles  pos.sesses  its  own 
nerve  fibers  that  arise  ultimately  from  the  brain,  and  thnnigli  these 
fibers  reflex  movcmcnb^  of  great  deUcaey  are  effected.  '!'he  spliinc- 
ter  pupilla?  is  a  well-defined  Imnd  of  plain  muscle  whose  width 
varies,  according  to  the  state  of  contraction,  from  0.6  to  1.2  mms.; 
it  forms  a  ring  lying  just  on  the  margin  of  the  pu)>iL  and  it  is  im- 
bedded in  the  stroma  of  the  iris.  The  hi.stological  differentiation 
of  the  dilator  pupilla'  is  much  less  distinct.  For  a  long  time  its 
existence  was  the  subject  of  controversy,  but  it  is  now  conceded 
that  such  a  muscle  is  present  in  the  form  of  a  layer  of  elongated 
spindle-like  cells  which  he  close  to  the  pigment  layer  of  the  iris  and 
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form  radial  biintlles  stretching  from  the  ciliary  border  of  the  iris 
toward  tlie  pupillar>'  orifice.*  Both  of  these  muacles  are  supplied 
by  autonomic  nen-e  fibers — that  is,  the  motor  ner\'e  path  comprises 
a  preganglionic  fiVjcr,  arising  from  the  central  nen'ous  system, 
and  a  postganglionic  fiber,  arising  from  a  sympathetic  ganglion. 
Anatomically  it  can  be  shown  that  the  sphincter  muscle  is  supplied 
by  the  short  cilian'-  nerves  arising  from  the  ciliar>'  ganglion, 
which  supply  also  the 
muscle  of  nccoinmrKla- 
tion,  the  ciliary  muscle; 
while  the  dilator  muscle 
is  supplied  by  the  long 
ciliarj'  ner\es  that  arise 
from  the  ophtluiliuic 
branch  of  the  fifth  cra- 
nial nen'e,  as  represented 
in  Fig.  128.  The  entire 
course  of  the  motor 
patlis,  preganglionic  and 
postganglionic  fihoi-s,  is 
represented  diagmmmat- 
ically  in  I'ig.  \2[).  The 
motor  fibers  to  the  ciliar>' 
muscle  and  sphincter 
pupillfe  arise  in  the  raid- 
brain  in  the  nucleus  of 
origin  of  the  third  cranial 
nerve,  and  indeed  in  a 
special  jjart  of  this  nu- 
cleus lying  most  ante- 
riorly. They  leave  the 
third  nen'e  in  the  orbit 
and  en<i  within  the  sul>- 
stance  of  the  ciliary  gan- 
glion, whence  the  path 
is  continued  by  symj>a- 
thetic  ( [Kistganglionic ) 
fibcre  emerging  ivoin  the 
ganglion  in  the  short  eiliar>'  nerves.  The  fibera  to  the  dilator 
muscle  have  a  ver>'  different  path.  They  arise  alsti  in  thr'  brain, 
most  probably  in  the  midbrain,  although  their  exact  origin  has 
not  been    determined   satisfactorily,  and   pass   down   the  spinal 

•  For  a   physiological    proof   and  the  literature  of  the  ponlroversy  sw 
Langley  and  Anderson.  "Journnl  of  PhysioloKV."    13,  554.   1S92.      For  the 
histological  proof.  Grunert.  "Archives  of  (:)phthaImoIogv."  30,  377.  IDOl. 
20 


Cuunsc  of  cotutrictiir  nr.Tvc  flben, 
Courae  of  dilator  nervo  fibem.-  - 


Fig.  128.— Diiifcrmmmiiiio  rvpreMntation  of  ths 
nervm  soverainK  lii«  jmpil  (after  Foater):  //.  Optlo 
nerve:  ca.  ciliary  Kiiniclton;  r.fc,  ita  «horl  root  from 
///,  motor rioiili  ncr>'p;«7m..  its ■ymiutheUc  n*ni;  rl. 
Its  joDB  r*>f<t  from  I',  oph  t  halinoniuikl  bnwch  o(  oph- 
thalmic (livixinn  «(  filth  norve;  f,c,  short  cUimry 
nerves;    /.c,  long  ciliary  nerves. 
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cord  to  terminate  in  the  lower  cer\ieal  region.  From  this  point 
the  path  is  continued  by  sf>inal  neurons  which  leave  the  cord  in  the 
eighth  cer\'iral  and  the  first  and  second  thoracic  spinal  nerves  and 
pass  by  way  of  the  corresponding  rami  communicantes  into  the 
sympathetic  chain  at  the  leveJ  of  the  first  thoracic  ganglion.  From 
this  jxiint  the  fibers  pass  upward  in  the  cer\*ical  sympathetic  with- 
out terminating  until  they  reach  the  superior  cenical  ganglion  near 
the  base  of  the  skull.  From  this  ganglion  the  path  Ls  continuevi 
by  s^-mpathetic  (postganglionic)  fibers  which  pass  to  the  Ga^scrian 
ganglion  and  unite  with  its  ophthalmic  branch.  Subsequently 
they  leave  the  ophthalmic  nerve  in  the  long  ciliar>*  branches.  These 
fibere  under  normal  conditions  are  in  constant  (tonic)  actiWty,  so 
that  if  the  path  is  interrupted  at  any  point  by  section  of  the  cer>ical 
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Fix-  1^- — Schema  showing  the  path  nf  the  precunnlionic  and  po«tcanetk«r)ic  fib*n 
to  the  riliary  inuade  and  1o  the  stphincicr  and  dilator  mUAcles  of  the  uis. — (.Hcxlibed  f  mtu 
SekulU.^     The  oowOT  of  the  long  ciliary  nerves  is  represented  very  diasremmaticaUy. 


sympathetic,  for  instance — the  pupil  is  seen  to  contract.    This 
constant  activity  may  be  referred  directly  to  the  acti\*ity  of  the 
spinal  neurons  who.**e  cell.s  lie  in  the  .spinal  cord  in  the  lower  cer\ica! 
and  upper  thoracic  region.    The  cells  in  question  constitute  what         | 
is  sometimes  called  the  lower  eiliospinal  center  of  Budge. 

The  Accommodation  Refiez  and  the  Light  Reflex  of  the 
Sphincter  Muscle. — When  the  eye  is  accommodated  for  a  near  ^H 
object  by  the  contraction  of  the  ciliar>'  muscle  there  is  always  a  ^^ 
simultaneous  contraction  of  the  sphincter  pupillte  whereby  the 
pupil  is  narrowed.  The  act  is  one  of  obvious  value  in  vision,  sdnce 
by  diaphragrning  down  the  lens  the  focus  is  improved  and  more 
exact  vision,  such  as  is  needed  in  clo.^*  work,  i.s  obtained.  The  act 
is  usually  spoken  of  as  the  accammwfation  rcflcj:,  but  in  reality  it 
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■  raihcr  what  h  known  as  an  a.ssociate<l  movement.  The  voluntai^' 
Hon  inaugurated  in  the  brain  affects  the  cranial  centers  for  both 
muscles,  and  under  normal  conditions  they  always  act  together, — 
a  fact  which  implicsaclose  connection  of  their  centers.  An  example 
of  a  Hiniilar  associated  action  is  seen  in  the  effect  of  the  respirators* 
movements  on  the  rate  of  heart  beat,  the  inspirator^'  discharge 
from  the  respirator}'  center  being  accomf)anied  by  an  associated 
cffoct  upon  the  cardio-inhibitorv  center  whereby  the  heart  rate 
b  quickened.  In  the  particular  case  that  we  are  dealing  with 
three  muscular  acts,  in  fact,  are  usually  associated,  for  every  act 
of  accommodation  under  normal  circumstances  is  accompanied 
not  only  by  a  constriction  of  the  piipiK  but  also  by  a  convergence 
of  the  eyeballs,  due  to  a  contraction  of  the  ijitemal  rectus  muscle 
in  each  eye. 

The  ligfu  reflrx  is  obser\ed  when  light  is  thrown  into  the  eye. 
Ab  is  well  known,  the  pupil  dilates  in  darkness  or  dim  lights  and 
contracts  to  a  pin-point  upon  strong  illumination  of  the  retina. 
The  vahie  of  this  reflex  is  also  obvious.  In  the  dim  light  the  total 
illumixiation  and  therefore  the  visual  pf)wer  of  the  retina  is  aided 
by  an  enlarged  pupil,  but  in  strong  lights  the  illumination  may  be 
diminished  with  a<lvantage  by  diaphragming,  since  the  optical 
image  on  the  retina  is  thereby  impnived  on  account  of  the  diminu- 
tion in  spherical  alxrration.  The  n*fiex  nw  involved  in  tills  act  is 
known  in  part.  The  afferent  patli  Ls  along  the  optic  ner\'e;  the 
efferent  path  back  to  the  sphincter  is  through  the  third  nerve 
and  ciliar>' ganglion;  injur\'  to  either  of  these  paths  diminisheaor 
<iestroys  the  reflex.  The  reflex  is  also  lost  in  some  coses  in  which 
neither  of  these  i>aths  seeaus  to  be  involved.  In  tabes  dorsalls 
(locomotor  ataxia)  and  general  paresis,  for  invstance.  the  pupil 
of  the  eye  is  constricted  and  does  not  give  the  light  reflex,  but 
still  (ihows  the  accommotlation  reflex.  Such  a  condition  is  known 
a?  the  Arg>'ll  Robert>*on  pupil.  Some  question  exist^i,  there- 
forp.  as  to  the  nature  of  the  connections  in  the  brain  between  the 
affenmt  impulses  and  the  motor  center  in  the  nucleus  of  the  third 
nc^^•e.  According  to  some  authors  (Gudden,  v.  Jiechterew),  the 
afferent  light  reflex  fibers  are  a  set  of  fibers  distinct  from  the  visual 
fil>ers  proper.  They  arise  in  the  retina  and  pass  backward  in  the 
optic  nerve,  but  leave  the  optic  tracts  at  the  chiusma  to  enter  the 
walls  of  the  third  ventricle  and  thus  reach  the  nucleus  of  the  third 
nerve.  This  view,  however,  finds  no  support  in  the  histological 
structure  of  the  retina.  Under  normal  conditions  the  light  reflex 
is  bilateral,— that  is.  light  thrown  upon  one  retina  only  will  cause 
constriction  of  the  pupil  in  both  eyes.  In  those  of  the  lower  ani- 
mals whose  optic  ner\'es  cross  completely  in  the  chiasma  the  light 
reflex,  on  the  contrary,  is  unilateral,  affecting  only  the  eye  that 
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b  stimulated.*'  We  may  conclude,  therefore,  that  ilie  bilatcrali^ 
of  the  reflex  in  the  higher  aninml.s  i±^  dependent  upon  the  partial 
decussation  of  the  optic  fibers  in  the  chiasma,  a  sensun*^  stimula^ 
upon  one  retina  giving  rise  to  impulses  which  are  conveyed  to  the 
two  sides  of  the  brain.  It  Is  poe^hle,  however,  that  in  addition 
commissural  connection.^  may  exist  Ijetween  the  central  cormections, 
— the  motor  centers  in  the  miclbniin.  It  is  UbTially  stated  that 
the  effect  of  the  light  upon  the  sphincter  mu^le  h*.  greatest  when 
the  retina  is  stimidated  at  or  near  the  fovea  and  that  it  \Tiries 
directly  with  the  intetwiity  of  the  light  and  the  area  illuminated.t 
The  Action  of  Drugs  upbn  the  Iris. — ^Tlie  condition  of  con- 
Btriction  of  the  pupil  Ls  frpfjuently  designated  as  miosis  (rai-o'-sis) 
and  the  condition  of  dilatation  as  mydriasis  (myd-ri'-as-is).  Many 
drugs  are  known  which,  when  applieil  directly  to  the  absorptive 
surfaces  of  the  eye  or  when  injected  into  the  circulation,  affect 
the  muscles  of  the  iris  and  therefore  var\*  the  size  of  the  pupil. 
Those  drugs  that  catisc  miosis  are  spoken  of  as  miotics,  and  those 
that  produce  mydriaas  as  mydriatic^s.  Atropin,  the  active  prin- 
ciple of  belladonna,  homatropin,  and  cocain  are  well-known  myd- 
riatics, while  physostigmin  (eserin)  and  muscarin  or  pilocarpin  are 
examples  of  the  miotics.  There  has  been  much  question  as  to  the 
precise  action  of  these  drugs.  For  an  adequate  diseussioa  of  this 
question  the  student  is  referred  to  works  on  pharmacology;  but 
it  may  be  said  that  the  e^^dence  from  the  physiological  sidej  indi- 
cates that  atropin  causes  mydriasis  by  paralyzmg  the  endings  of 
the  constrictor  nerve  fibers  in  the  sphincter  muscle,  while  phy- 
sostigmin and  mascarin  cause  miosis  by  stimulation  of  the  endings 
of  these  same  fibers.  In  the  case  of  cocain  it  Ls  probable  that  the 
drug  first  stimulates  mainly  the  endings  of  the  dilator  fil>ers  in  the 
dilator  muscles,  and  in  stronger  doses  causes  additional  mydriasis 
by  paralyzing  the  constrictor  fibers.  The  stronger  mydriatics 
paralyze  not  only  the  sphincter  pupilhPr  but  also  the  sdmilarly 
innervated  cilian"  muscle,  thus  destroying  the  power  of  accom- 
modation. When  atropin  is  applied  to  the  eye  the  indi\ndual  is 
unable  to  use  his  eyes  for  near  work — reading,  for  example — until 
the  effect  of  the  drug  has  worn  off.  In  ophthalmological  literature 
this  condition  of  paralysis  of  the  ciliary*  muscle  is  spoken  of  as 
cycloplegia,  and  most  of  the  mydriatic  drugs  are  also  cycloplegics. 
On  the  rontrar>-.  the  stronger  miotics  stimulate  the  cilian*  muscle, 
and  therefore  during  their  period  of  action  throw  the  eye  into  a 
condition  of  forced  accommodation. 

*Stemach.  "Archiv  f.  d.  ges&mmt^*  Ph\-siolojrie,"  47,  313.  1890. 
tSee  AbelsKiorff  and  Feilchenfell.  "Zeltsehrift  f.  Psychologic  und  Phys- 
iokpe  des  Sinnesorf^ane/'  34.  11 1.  IIXH. 

ISehnlu.  "ArrWv  f.  Ph\-siologir,''  Ii>9S.  47. 
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In  the  aliove  description  of  the  innenation  of  the  iri-*  ami  tlie  rau»e«  of 
mytjria^^  and  iniorti^  the  ^implo>t  cxplunutioiis  ofTcrctl  have  l>ecn  adopted. 
It  should  be  mlded,  however,  that  .some  fact,'*  are  known  whiclt  indicate  that 
the  condition-^  are  more  coriiplex.  n»iis,  Meltzer  and  Auer*  have  ^hown 
thjit  in  manuiuils  the  appUcAtion  of  solutions  of  adrenalin  to  the  eye  h&B  no 
effect  on  the  inw  and  the  c^une  is  true  after  section  of  the  cervical  »>nnpathetic. 
liut  if  the  ?iu|«nor  renicid  panRlion  is  removeti  the  adrenalin  cuUj*eT.  a  maxi- 
mal mydnast-;.  This  pnrarloxical  dilatation  indicates  that  the  giiiiglinn 
hA«  Mmie  f^ftecific  inllnenre  u]>oa  the  iri^  in  addition  to  serving  an  part  of  the 
|iathwar  for  Ihe  pupilliHliliifur  fil*rs.  since  as  long  .<ls  it  h  present  it  prevents 
the  adrenalin  from  actmg  uiwn  the  musculature  of  the  iris. 


I 


The  Balanced  Action  of  the  Sphincter  and  Dilator  Muscles 
of  the  Iris. — II  would  seem  that  uniier  iiortnal  comiilion.s  i>oth  the 
■phincter  and  the  dilator  muscle  nro  kfpt  more  or  loss  in  tonic 
actixity  by  impulses  rewivcd  through  their  respective  motor  fibers. 
They  thus  balance  each  other,  to  s]x?ak  figuratively,  and  a  mechan- 
i«nj  of  this  kind  in  which  two  opposing  actions  are  in  play  is  in  a 
condition  to  respond  promptly  ami  smoothly  to  an  exce-ss  of  stimu- 
lation from  either  side.  The  two  muscles,  in  fact,  act  as  antago- 
ni&tfi  in  the  same  manner  as  the  flexor  and  extensor  muscles  around. 
a  joint.  At  the  same  time  this  relation  adds  some  difficulties  to 
lh<*  explanation  of  specific  reactions,  sine**  it  is  evident  that  a  dila- 
tation of  the  pupil  may  Ik*  caused  either  by  a  contraction  of  the 
dilator  muscle  or  a  loss  of  tone  (inhibition)  in  the  sphincter,  while 
in  constriction  of  the  pupil  the  effect  nuiy  result  either  fn.>m  a  con- 
traction of  the  sphincter  or  an  inhibition  of  the  dilator;  or,  last, 
the  contraction  of  one  muscle  may  always  be  accompanied  by  an 
inhibition  of  it«  antagonist,  as  is  suppostnl  to  Ik-  the  case  with  the 
flrxor  and  extensor  muscles  of  the*  limi>s.  Andersonf  has  given 
me  evidence  to  show  that  the  dilatation  of  the  pupil  in  cats  is 
e  to  a  double  action  of  this  sort,  the  pupillodilator  muscle  con- 
tracting first  and  subsequently  the  tone  of  the  eonstrirtors  suf- 
fering an  inhibition.  Alterations  in  the  size  of  the  pupil  take  place 
not  only  under  the  conditions  descril>ed  above — namely,  the  light 
and  the  accommodation  reflex  and  the  action  of  tlrugs, — but  also 
under  many  other  circumstances,  normal  and  pathological.  In 
sleep,  for  instance,  the  eyes  roll  upward  and  inwanl  and  the  pupils 
are  constricted.  It  would  seem  probable  that  the  miosis  in  this  case 
is  due  to  a  cessation  in  tonic  activity  on  the  [wirt  of  the  dilator 
muscle  ratlier  than  to  an  active  contraction  of  the  spliincter  muscle, 
the  state  of  sleep  being  cliaracterized  by  a  diminution  in  activity 
in  the  central  ner^'ous  system.  Emotional  states  also  affect  the 
mze  of  the  pupil  and  thus  aid  in  giving  the  facial  expressions  char- 
acteristic of  these  conditions.  Writers  speak  of  the  eyes  dilating 
with  terror  or  darkening  with  emotions  of  deep  pleasure.    This  pupil- 

*  Meltzer  and  Auer,  "American  Journal  of  Phvsiology,"  U,  28,  and  40, 1904. 
t"  Journal  of  Physiology."  30,  15,  1003. 
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Ian*  accompaniment  of  the  emotional  states  may  occur  even  wlien 
it  is  a  matter  of  memor>-  rather  than  immediate  experience.  The 
explanation  of  this  mydriasis  can  hardly  be  obtained  by  experi- 
ment, but  reasoning  from  analog\'  we  know  that  strong  emotional 
stales  are  usually  accompanied  by  more  or  less  dLstinct  inhibitor}* 
effects  on  motor  centers,  and  perhaps  in  tliis  case  the  reaction  ia 
most  satisfactorily  explainetl  by  attributing  it  to  an  inhibition  of 
the  constrictor  center  in  the  midbrain. 

Intraocular  Pressure.— The  liquids  in  the  interior  of  the 
eye  are  iionually  under  a  pi-essure,  the  average  vjdue  of  which 
may  l^e  estimate^.!  at  2.5  mms.  of  mercury.  In  consequence  of 
this  internal  pressui-e  the  eyeball  is  tense  and  its  externaj  surface, 
including  the  cornea,  shows  a  regular  cun'ature.  It  is  devious 
that  folds  or  creases  in  the  cornea  would  entirely  destroy  its  use- 
fulness, so  far  as  the  formation  of  an  ininpe  is  concerned.  The 
amount  of  ihe  intniocular  pressure  may  be  measured  by  thrusting 
a  tubular  needle,  properly  connected  with  a  manometer,  into  the 
anterior  chamber  of  the  eye.  The  liquid  in  the  interior  of  the 
eyeball  may  !«?  considered  as  tissue  lymph,  and  like  the  lymph 
elsewhere  it  is  derived  from  the  blood-pla.'^ma.  Investigation 
has  shown  that  the  lymph  is  formeil  in  the  riliar>-  processes,  but 
in  this  as  in  other  cases  there  is  a  difference  of  opinion  as  to  whether 
the  production  is  due  to  so-called  secretory  or  to  mechanical 
causes,  such  as  filtration.  The  fjicts  that  are  known  seem  to 
l>e  explicable  fntm  t!ie  mechanical  point  of  view.*  We  may 
suppose  that  the  liquid  filters  into  the  eye  through  the  vessels 
in  the  ciliary  processes,  and,  on  the  other  hand,  drains  off  at  the 
angle  of  the  anterior  rhamber  through  the  canal  of  Schlemm. 
The  intraocular  prossui-e  ri.ses  until,  under  its  influence,  the  out^ 
flow  just  balances  the  inflow.  It  is  evident  fmm  this  point  of 
view  that  intraocular  pressure  will  be  increased  by  any  change 
that  will  augment  the  pro<luction  of  the  liquid  at  the  ciliary 
piYicesses.  such  as  a  ri.sc  of  blood -pressure,  or  by  any  interference 
with  the  outflow,  such  as  mi^ht  i\rm^  frfini  a  Itlocking  of  the  I'anal 
of  Schlemm.  Certain  pathological  conditions  (glaucoma)  are 
characterized  by  an  abnormal ly  high  intraocular  tension,  the 
difference  from  the  normal  l>eing  such  that  it  is  easily  recognized 
l)y  pressui*e  with  the  fingers. 

Methods  of  Determining  the  Refraction  of  the  Eye.— The  conditinn 
of  the  i'ye  as  rcgurtU  its  refractinn  may  l>c  ili'lcrinintil  by  the  use  irf 
suitable  cliarts  ami  a  .series  t>f  Hpherical  and  cylindrical  lenses.  The  rcsultx 
by  such  a  method  ilcpcntl  largely  upon  the  Htatcments  of  the  patient,  that 
is  to  say.  ttiey  are  larf^ely  subjective.  A  number  of  inMnmienls  have  been 
deviswl!  however.  Ity  meariR  of  which  the  refmctinn  nf  the  ey**  may  Ih*  ritudieti 

*  For  diflCDsfiion  and  literature,  see  Henderson  and  Starling, 
inga   Koyai   Society,"    190*3,    B.   Ixxvii. 
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in  a  p\irely  objective  way.  so  far  ds  the  pulirni  Ih  coiioorncd.  The  most 
iinportiint  of  these  in.'<triinient8  are  the  oplidiatimwopf,  ilie  retino.sco|Hi  nr 
likiiLscofie,  luid  tlie  opiithahiioineter.  A  liricf  ilesrription  is  pven  of  e«eli 
of  lliew  instruments.  \nil  Tor  llie  nunuTotiy  praetical  details  neeessary  to 
their  sviccensful  use  refen-ner  must  be  maile  to  sixnial  muntiais. 

The  Oohthalmoscope.— Tlie  hpht  that  falls  into  rhe  cyr  in  partly  al>- 
sorUxl  by  the  blaek  pigment  of  the  choroid  coat  mv\  \ti  pnrtfv  refleeted  back 
to  the  exterior.  This  lalli-r  jjortion  is  refleeted  hack  in  the  cfirection  in  whieli 
it  etUen-d.  Mt-rcly  holding  a  light  near 
the  eye  does  not.  tlierefore,  enuble  uh  to 
sec  llic  inti^rior  more  elearly.  winee  in  onler 
to  rate h  the  returning  niyH  In  our  own 
eye  it  would  be  neeessary  to  interpofie  the 
head  betwi*cn  ti»e  source  of  Hght  and  the 
observed  eve.  If,  however,  we  could  ar- 
range the  hgliT  to  enter  the  obser\e<l  eye 
as  though  it  [iroeecded  from  our  own  eye, 
then  the  reluming  niys  would  f>e  \K'T- 
eeived.  and  with  nuffieient  illuminalion 
the  lK>tlom  or  fundun  of  the  obser\'eiI  eye 
might  be  seen.  Arguing  in  this  way. 
Helmlioltz  construeled  hi-*  firnt  form  of 
the  ophtfialmoReope  in  1851.  The  value 
of  the  ophthalmoseope  is  twofold:  It  en- 
ables the  obHerver  to  examine  the  interior 
of  the  eye  and  thu.-*  rt'eogiiize  diseaseti 
eonditioas  of  the  retina;  it  i.**  also  useful 
in  detecting  abnormaliticj'  in  the  refrac- 
tive surfaces  of  the  eye.  The  principle  of 
the  instrument  is  well  represented  in  the 
original  form  devi.seil  by  Helmlioltz,  as 
shown  sehematieally  in  Kig.  131,  .4.  / 
repref+rnt'*  the  observe*!  eye  and  //  the 
eye  of  the  observer,  between  the  two 
eyes  is  placed  a  [»iefe  of  glass  inclined  at 
au  angle.  Light  from  tlie  candlu  falling 
upon  lhi.«  glsA"*  is  in  pari  refleelt-d  fn»m 
the  surface  to  enter  eye  /,  tmd  these  r:iys 
on  emerging  from  the  eye  along  the  Kame 
line  pa***  thnjugh  the  glass  in  part  and 
enter  eve//.  In  pi  nee  of  tlie  plane  im- 
«ilvereil  glaa«  it  is  now  eustonuiry  to  u»e 
a  concave  mirror  with  a  smull  hole  through 
the  center,  the  observer's  eye  Iwing  placed 
dir*H'lly  l»ehind  this  hole.  Such  un  in- 
Btrumcnt  is  shown  in  I*'ig  I  •\().  The  in- 
fitniraent  in  lued  in  two  ways,  known  tm 

the  direct  and  the  indirect  melhiMl,  In  the  direct  methfKl  the  mirror  i.s  held 
very  c1osj»  to  the  oI>serv(*«l  eye  and  the  jjallus  of  the  rays  of  light  into  and  out 
of  the  pye  are  repre.sealeii  (^clienmtically  in  Kig.  1-il.  ti.  The  light  from  a 
lamp  caught  upon  (he  mirror  is  thrown  into  the  eye.  the  rays  coming  to  a 
focus  and  then  spreading  out  so  as  to  give  a  clifTuse  illumination  of  the  fimdus. 
This  latter  surface  may  now  be  conmdered  as  a  luminou.s  objtvt  trending  nut 
rays  of  light.  Taking  any  IhriM'  objects  on  the  retina,  A.  H,  C,  it  is  apparent 
that  if  eye  /  is  an  emmetropic  eye  these  points  are  at  the  principal  focal  dis- 
tance and  tiie  rays  sent  from  eneli  after  emerging  from  the  eye  are  in  parallel 
bundles.  Thefle  mys  penetrutf*  the  hole  in  the  mirror  and  fall  into  the  ob- 
ecrvcr'H  eye  as  though  they  came  from  distant  objects.  If  the  obaervcr's  eye 
M  also  emmet rnpie.  or  is  made  »o  by  suitable  pla.s.se.«.  the«'  bumlles  of  rays 
will  he  frtcu.sed  un  his  reiinn  without  an  act  of  accommodation.  He  must,  m 
fact,  in  looking  through  the  mirror,  gaue.  not  at  the  eye  before?  him,  but.  re- 
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laxin^  his  afc<mmi04latmn,  gaae  through  tlie  eye.  aa  it  v,vre.  into  the 
In  this  way  he  will  wf  the  portion  of  tlie  retiua  iUiiminalcd.  tlie  iinage  of  the 
obj<^cis  ficen  bein^  invertt^i  on  \ua  own  retina  and  ihoreforc  projected  or  seen 
erect.  If  the  oba-rvcti  eye  is  myopic  it*  retina  it>  farther  buck  than  the  prin- 
cipal focus  of  its  refracting  Rurfacvs:  consequently  the  ruyfi  sent  out  from  the 
illuminated  retina  emerge  in  con\*prginp  bundles  and  cannot  be  focUE«d  on 
tlie  retina  of  tlie  obse^^•e^'8  eye.  liy  inisertiug  a  concave  letw  of  pro|jer  jx>wer 
between  his  eye  and  the  mirror  the  observer  can  render  the  rays  parallel  nnd 
thus  bring  out  the  inuige.  Krom  the  power  of  the  Ions  used  the  degret*  of  my- 
opia may  be  estimated.  Just  the  ptnerse  happens  if  (he  obwrxed  eye  is 
hj-pemielropic.     In  such  an  eye  tlie  retina  is  nearer  than  the  principal   focal 


Vui.  131.— tii 

' » J' 

Ttio  ray;*  fn>m  the  source  tA  liiclil  are  rrttcctcd  into  tlip  olx-^rA-ed  eye.  /.  auil   thctire   netum 


ft*;.  i:ii.— uuMt 
irikl  fnnn  iif  uplitliuli 


rn- It)  n^rewnt  tlir  pnnriple  nr  the  <)p)it  hAlmo«rope :    A,   The  onK- 
m(i^i'u|>p.  ('ort.«i'<i  lutt  **i  u  )iiii-e  itf  |{1a.h»,  .u,  nirjiiietl  m  ii  >uit»ble  anjck* 


Along  th*  same  lines  pa.-<ffing  thruuKh  ^t  fo  ra&ch  the  oh-t>r\'er>  eye,  //.  B.  the  direct 
methfxl  with  the  opbthulmoacopic  mirror.  Tlie  ra>>  of  liglit  illuminiile  the  fundua  of  tlie 
obaerved  eye.  /,  and  thence  paatt  out  in  parallel  ray»,  if  thr  pyr  i*  eninietropir,  lo  reach  the 
obsen'pr's  eye.  //.  C.  the  indirect  methud  with  ophthalmoMropic  mirror  and  interralaleil 
len*.  The  my»  of  lielil  red  line«'  are  bmtieht  to  a  toous  witliin  the  anterior  ehumber  of  the 
eye  and  theni^e  divence  lo  kivp  a  general  illumination  of  the  interior  of  the  eyebttll.  The 
retuniiiig  niy«  of  light  arr  indiratrd  for  a  MHgle  ptiint,  b.  At  a'.6'.  c*.  a  iral  inverted  iraase 
of  a  portion  of  the  retina  in  funned  in  the  air,  which  iu  turn  in  furu»ed  on  ttie  retina  of  the 
obwn'er'*  eye. 


distance  of  the  refractive  surface:  consequenllv  the  lieht  emitt«l  fmni  the 
retina  emerges  in  bundles  of  diverging  rays  wfuoh  eannf>t  be  brought  to  a 
focus  on  the  retina  of  the  obwrver  uiuess  he  exerts  his  own  power  of  uecom- 
modatjon  or  interpose-*  a  convex  lens  between  lus  eye  and  the  mirror. 

The  iiuUrpct  methini  of  using  tht  ophthalmoscope  is  represenUxl  in  VSz. 
131,  C  The  mirror  is  held  at  some  distance,  at  arm's  length,  from  the  oG- 
perveti  eye.  /.  wliile  just  l)ofore  this  eye  a  biconvex  lens  of  short  ftK'ua  i« 
placed.  As  sliown  in  the  diagram  by  the  nnl  lines,  the  reflected  liglit  from 
the  mirror  comes  tn  a  focus  and  then  diverging  fuIU  up*)n*  the  biconvex  lens. 
Thia  lens  brings  the  rays  to  a  focus  at  or  near  the  eye.  whence  tl»ev  again 
diverige  and  Ught  up  tfie  retina  with  a  diffuse  Ulutnination.     The  ligfit  from 


I 
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ivtJnA  U  in  turn  s^nt  back  lowani  tho  mirror,  itM  path  hf'in^  imlicated  for 
\\t*  pCHnt  h  by  till*  black  lincH.  If  The  eye  is  cmniotropir  the  rays  from  tliU 
imtnt  cinorgv  [HtrallH,  niui  falUiiK  u|Hfn  the  biconvex  Iocik  are  bn.>ught  Ui  a 
fopiis  at  h'.  Simihirly  the  rav«  fn>m  a  will  be  bmufEht  to  a  focus  at  a*  and 
from  f  at  ^.  (Vmsotiuently  lucre  will  be  formed  in  the  air  an  inverted  image. 
and  it  in  at  this  tmiiKe  tiiat  tin-  L-ye  of  the  ub«Tver  putes  tlirougli  the  hole  in 
the  Riirror.  This  ium^*  ftirnw  it«  ima|i;c  on  ihe  n>tina  of  the  obnerverH  eyes. 
an  repreaenietl  in  the  diftgnim  at  «i".  b",  c",  and  is  projert4?d  outwanl  or  seen 
invertwl  a*  n'^anU  the  ori(c»niil  t»Ofrition  of  (he  pointH  in  ihe  retina  of  eye  /. 
Ttir  iiwlirect  method  is  tlie  one  usually  etn[Joye<i  in  ophthulniosenpjt*  exam- 
mntions  of  the  retina.  It  pive»i  a  larger  field  ttian  the  direct  method,  ulthou^lt 
tlip  objeclH  nei-n  are  of  siiuiller  size. 

The  Retinoscope  or  SkUscope.  -When  one  refivctis  a  spot  of  light 
upon  a  wall,  any  movement  of  the  ri'llectinp  (plane)  mirror  is  folluwe4l  by  a 
in'tv-em»*nl  nf  th**  reHeeted  >pot  in  the  same  direction.  So  if  the  rundiisof  the 
eye  i»  i)lumi(ULt''d  by  a  plane  mirrrtr  provided  with  a  peep-hole,  the  olirtiT\'er 
lookinj{  thruugh  tliis  hole  may  see  it  Hi>ot  of  light  reneetwl  from  the  retinu 
■nJ  can  determine  whettier  ihe  spot.  move>i  in  tUv  name  direction  lu*  (Im* 
mirror  or  against  it.  If  the  cat  under  obHer^'at ion  if  normal  (emmetropic), 
ihrn  the  niys  of  light  .starting  fron»  the  return  will  emerge  in  parallel  bunilje*, 
feinre  the  retina  lies  at  the  princip:il  focal  cliHtanee,  and  as  the  mirror  is  tilted 
fruiu  ttide  to  side  the  illuminated  s|MJt  move^  in  the  wame  direct  ion.  Hy  phieing 
a  convex  leu-*  of  •tuitable  focus  in  front  of  tlie  observi'ii  eyi*  we  can  eaun:*  the 
(Brrginz  parallel  rayt  to  come  to  a  focu-*  and  cros.s  Vn'fore  reaching  the  ob- 
Wrvcrseye.  In.'^uch  a  ease  the  movements  of  the^pol  ui  light  u\nm  the  retina 
will  Iw  ag:iin'^t  thtwe  of  the  mirror.  For  example,  let  us  HUpfKMse  tlwl  ihe 
observing  eye  in  placed  just  1  meter  away  from  the  eye  ol»4er>*ed.  tlien  if 
wi-  put  in  front  of  the  latter  a  convex  lenw  of  1.2*')  1).  the  emerging  rays  will  be 
fiiciueii  at  a  point  2.'>  ctm.  iji  front  of  the  observer's  eye  and  the  movement* 
df  the  0pol  of  liglit  will  be  aj^aln^t  the  mirror.  A  tens  of  letw  than  1  I),  placed 
in  front  of  the  ob«erv(Hi  eye  would  not  bring  the  ravH  to  a  focus  in  front  of 
the  oK^ierver'-*  rt*lina.  conspquputly  tlie  movement.-*  of  the  s|>ol  wouhl  l>e  with 
the  mirror.  Assuming  thai  we  are  dealing  witli  an  enunetropie  eye.  it  can 
be  shown  tluit  at  the  ilUtanee  mentioned  (1  melt-r)  any  lens  of  less  tlian 
1  D.  placed  in  front  of  the  eye  U-avej*  the  movements  with  llie  mirror. 
wliile  any  lens  of  more  than  1  D.  gives  movements  againiit  the  mirror. 
tVmaequpntly  n  lens  of  ju»t  1  \).  wonhl  Tnark  the  exact  ■■i.M>in1  of  rever- 
NaL"  With  a  lens  of  ihi.s  iiower  the  focus  wouhl  fall  thei>rt'tirany  jtisT  on  the 
observer's  relitui.  In  sued  a  easi'  any  movement  of  the  mirror  would  be 
followed  by  the  appearance  or  disapiK-arance  of  the  sixit,  but  ni>  direction  of 
movempnt  would  W  perwivcd.  The  mrtvements  of  the  h|xjI  of  light  fonned 
upon  the  retina  by  the  rftiu'wcoplc  mirror  may  1m*  uwd  to  dHenninc  all  tlie 
varioas  ahnormaritie*  of  n'fn»ction  of  the  eye  acconling  to  iIk^  following 
general  sehema  :  Tlie  observer  sit^  at  a  fLxcd  distance,  Kay  I  meter,  from 
tlie  iMtienl,  and  deti^rnune-i  whether  the  reflected  (spot  from  the  illuminated 
fundus  moves  with  or  again-«t  the  mirrtir.  If  the  movement  h  with  the  mirror. 
then  the  eye  uniler  ob»*ervaiion  in  either  normal  or  hyr)eropic  (or  if  myopic 
the  myopia  in  le»w  than  I  Dj.  My  plaeint;  ojuvex  lenw;*  in  frcmt  of  the  rye 
the  oljwrver  fU'ekn  for  the  point  of  reverMal.  If  this  jMiint  i«  given  l»y  a  len» 
of  r  I  I).,  llien  (lu*  eye  under  examination  is  emmetmpic  ,  if  a  slroniter  lena 
ii  re<piinvl  the  eye  Ls  hypen»pic.  that  is.  tlie  emerging  rays  are  divergent  and 
require  a  Hinmgcr  len**  ii»  brint;  them  to  a  focus  befon'  reaching  tlie  oiwM'r\'er'a 
rxv.  In  the  latter  ease  the  amount  of  hyperopia  is  obtained  bv  a«certaining 
the  vtrength  in  diopters  of  the  lens  re4)uire«J  to  just  revenue  the  movement 
and  aubtraeiing  1  D.  fnmi  it.  since  the  latler  amount  m  retpiir***!.  at  a  distance 
*A  1  meter,  to  gni  reven*al  with  the  normal  eye.  If  the  reversal  is  given  by 
m  convex  len«  of  le**  than  I  O..  then  the  eye  in  mvopir  to  un  extent  lea*  than 
\  r>  Wlien  tilt*  movemeniH  of  the  spot  i>f  liglit  are  agaiuMt  the  mirror 
frimi  the  lH*)^nning,  then  the  obaer\"er  is  dcalinju:  WTtli  a  myopic  eye  (the  myopia 
Itring  gn»atcr  limn  I  D.).  To  reverse  tfie  movement  it  is  now  necessary  to 
|ilar»«  connive  leuso»  in  front  of  the  ulinerved  eye  until  the  point  of  reveraal 
i«  obtainetJ.  that  is,  until  the  focua  of  the  emerging  rays  falls  behind  tUe 


314 


THE  SPECIAL  6EX8ES. 


retina  of  t  lie  obaen'er.  The  concave  lena  necefi«if>'  to  give  this  result,  pliui  1  D. 
fur  liUiaiice,  givtw  ttiu  extent  uf  the  iiiyupiu  in  tiiupt^fre.  With  a«li^iuatic 
evw*  the  fx>int  of  rfvernal  may  \ie  delenninrij  for  llie  (iifTerrnl  nicndijuia 
of  il)c  tye,  the  movemeni^  of  the  mirror  IxMiig  in  the  same  meridiiin.  Hv 
the  charaeier  of  the  ivHi'etod  »\.toi  und  the  points  of  reversal  it  i»  possible 
with  the  rt^tinow'opo  to  (ictermine  the  principal  meridians,  and  the  difference' 
in  refraction  between  tliem,  tliat  is.  tlie  degree  and  the  axis  of  the  aMignialism. 
The  Ophthalmometer. — The  uphihalniuiueier  is  an  imctrunieni  for 
mea«urint;  tlie  curvature  of  the  refnieiini;  surfaces  of  the  eye.  As  actually 
applied  in  practise  it  i«  arranged  c.-*ix*riaily  for  meu«uring  the  curvature* 
of  tlic  cornea  along  it«  different  meridiaiu*.  The  fKjint  ftnr  wliich  the  instru- 
ment is  designed  is  to  ol)tain  the  size  of  the  intake  reHected  from  the  convex 
surface  of  the  cornea.  Any  himinou»  object  placed  in  front  of  the  ej'e  » ill  pive 
a  reflected  imuf^e  from  the  cornea  an  from  the  surface  of  a  convex  mirror. 
If  the  size  of  the  object  and  its  dist-nnce  from  tlie  romea  are  knon-n  and  the 
fliac  of  the  cnrneiil  inio^e  ia  determined,  then  the  radius  of  cunolure  nf  the 

cornea  ia  given  by  the  equation  r  ^  "  '**,  in  which  p  represents  the  distance  of 


FIk.  K12. — Hrlmnn  to  indirAt*  ihi*  wnpral  pniinplp  of  thp  ophlhalnioiuetvr :  T^ 
Telewxip**  to  ol>*rrvc  tlir  rrflrrlpd  imutteM  Imiii  iJie  ctiruea  ;  .4  mid  B.  tin*  tarjpetft  or  mirr* 
in  ilip  shield  &i  n  known  dirtianc-<*  &[>nn  whose  ima^m  utv  rrdect^^d  front  tlie  comra:  n 
und  6,  the  rdfltx'lrti  niiaciw  of  A  mid  U  on  itie  cumea.      I1ie  distniice  a-b  tiA*  to  b«  deirmuDML 

the  object  from  the  coniea.  i,  the  size  of  the  corneal  ituftf;e.  and  o.  the  Mze 
of  the  object.  For  example,  let  ,1  and  Ft  in  i'ip.  132  l>e  two  luminous  areas 
arranged  on  llie  arc  of  a  circle.  If  placed  in  fnmt  of  the  cornea  ('  each 
will  give  n  rffiecte<l  image  a  and  b,  which  may  l>e  observed  by  means  of 
the  t^'lescope  7'.  Tfic  ilifitan(;e  between  .1  and  B  represents  the  sixe  of 
the  (iltjcct  and  the  disliuice  b*Hween  u  and  6  the  uize  of  the  image.  This 
latter  factor  is  determined  by  means  of  the  telescope.  A  scale,  for  in- 
stance, might  be  placed  in  the  eye-piece  of  the  telescope  and  the  distance 
at'  be  tietermint'd  in  ifrrns  of  its  gradtiation.  Thin  valuation  might  then  I* 
ivinverted  into  millimplers  by  sidwtituting  a  scale  for  the  rtimea  and  measuring 
o(T  iii«>n  it  the  obycrvwl  (Ustance  in  the  eye-piece  scale.  If  the  arc  carrying 
AH  IS  arranged  wo  that  it  may  Iw  rotatet!  it  is?  obvious  that  the  sire  of  the 
corneal  images  may  be  measured  for  the  diffcriMU  meridians  and  thus  enable 
one  to  compare  their  curvatures.  In  modem  instniments.  such  as  ia  rt-pre- 
Hent<'<I  in  Fig.  Ki'V  the  luminous  areas,  known  fis  targets  or  mires,  are  placetlm  il 
snherieal  sliicid  which  may  Im^  rotated  around  the  a\ia  of  the  telesoofte.  The 
Khield  has  a  radium  nf  curvature  of  0.35  meters  and  its  center  cif  rot^ition  is 
approximately  eoineiilent  with  that  of  the  Cf>rnea  when  the  eye  is  in  it» 
proper  position.     Tlie  reflected  images  of  the  mires  from  the  surface  of  the 
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em  are  «ich  doubled,  when  viewed  through  the  telescope,  by  means  of 
dotU>le  ^-ision  jiri-Em  of  Iceland  spar  and  the  displacement  pro<hiced  in 
thi*  way  i«  a  dennite  amount  for  the  distance  chosen.  Fotir  imaf^c^t  of  the 
niim  arr  thus  won.  and  when  the  mirea  are  properly  odjtiHtwl  for  a  romna  of 
mverace  curvature  the  two  inner  iinageK  are  in  contact  with  each  other. 
A  variation  from  lliis  average  is  indicated  by  an  overlapping  of  the  images. 


Fig.  l^.-Ophthalmotnet«r(Hardyl. 


the  v&lue  of  which  in  diopters  or  in  radii  of  cur\'ature  is  read  off  upon  the 
instrument.     The  inslnmient.  therefore,  when  once  calibrnteil  enables  nne 


to  read  off  at  once  the  radii  uf  curvature  fur  the  liitTereot  meridians  and  thus 
determine  tJie  avis  and  d^ree  of  astigmutism.  It  should  be  added  that 
tbe  instrument  gives  only  the  curvaturefl  and  degree  of  astigmatism,  if  any 
eristJi,  of  the  cornea,  and  ia  therefore  of  no  immediate  service  in  determining 
Ute  totaJ  afitigmatism,  that  m,  tlie  astigmatism  of  coniea  and  lens  acting 
together. 


CHAPTER  XVIir. 

THE  PROPERTIES  OF  THE  RETINA-VISUAL  STIMULI 
AND  VISUAL  SENSATIONS. 

The  Portion  of  the  Retina  Stimulated  by  Light.— The  normal 
stimulus  to  the  s^eni^orv  cells  in  the  retina  is  found  in  ilie  vibrations 
of  the  ether,  the  waves  of  light.  When  sunlight  is  jja^ssed  through  a 
prism  tlie  waves  of  different  lengths  are  dispensed,  and  those  capable 
of  stimulating  the  reiioa  form  the  visible  spectrum  extending  from 
red  to  violet-  The  limits  of  the  spectrum  are,  on  the  one  hand,  the 
extreme  red  rays  with  a  wave  length  of  ttjJS  innr  "!">■  ^"<-l  vibrating 
at  the  rate  of  al>out  .*J90.0(K).000,«M»0.()00  a  second/and,  on  the  other, 
the  extreme  violet,  having  a  wave  length  of  alxml  TTT^Sffini"  "*"'•  ^^^ 
a  rate  of  vibration  of  757,(.HXl.(X.»O.()()t»,0O<)  a  second.  The  part  of 
the  retina  stimulated  by  these  vibrations  is  sup^wsed  to  be  the  layer 
of  rods  and  cones.    To  reach  these  structures  the  light  must  pass 


TUl.  134. — To  demoDslmte  the  blind  (^>ot.  Fix  the  ccntrr  of  the  rro9»  with  the  right 
eve.  then  mov«  the  book  slowly  to  or  from  the  face.  At  a  certain  distance  Uie  imaice  ol 
tfie  lunie  rircic  lo  the  righl  will  disappear.  At  tliis  distance  the  image  uf  tti«  circle  falli 
un  the  ojitic  di.4r_ 

through  the  other  layers  of  the  retina.  That  the  rods  and  cones  are 
the  structures  that  react  to  the  light  stinuilation  is  indicated  by 
their  structure  and  their  connections  and  by  such  facts  as  the  follow- 
ing: Under  certain  conilitions,  which  are  describe<l  Ijelow,  the 
shadows  of  the  retinal  vessels  and  the  contained  corpuscles  may  be 
seen,  a  fact  which  indicates  that  the  perceiving  structures  lie  ex- 
temall}'  to  these  vessels.  In  the  fovea  centralis,  in  which  xision  is 
most  perfect,  the  layers  of  the  retina  are  thinned  out  until  pnictically 
only  the  rods  and  cones  remain  to  l>e  acted  upon.  That  the  optic 
nerve  fillers  themselves  are  not  acted  upon  by  light  waves  is  proved 
by  the  existence  of  the  blind  spot.  The  termination  of  the  ojjtic 
ner\'e  witliin  the  eyeliall,  the  optic  disc,  lies  about  15  degrees  to  the 
nasal  side  of  the  fovea  and  has  a  diameter  of  about  1,5  nuns.     From 

316 


I 


PROPERTIES   OF  THE  RETINA.  5l1 

tTic  non'e  filjcn^  .spread  out  over  the  rest  of  the  optic  cup 
fomi  the  intemiiJ  layer  of  the  retina.     IJut  the  optie  tlisc  itself  has 
no  retinal  structure,  and  light  that  falls  upon  it  is  not  perceived. 
The  presence  of  thit*  blind  spot  in  our  visual  field  Ls  eikdly  demon- 
Htrated  l>y  the  exj»erinicnt  illu6«trated  and  describe^l  in  Fig.  134. 
In  the  \'itiual  fit*ld  for  e^ch  eye,  therefore,  tliere  i.s  a  gap  representing 
the  projection  of  the  aiva  of  the  optic  dij^u  to  the  exterior,  the  size 
ol  the  gap  increasing  with  the  distance  from  the  eye.    We  do  not 
notice  thift  deficiency,  inasmuch  as  it  exists  in  our  indire<!t  field  ot^m 
xTision  (see  l»elow),  in  wtiich  our  perception  of  fonu  is  jxiorly  de-^ 
velo|)ed;  so  thai  any  tlislurbance  in  oudiriL'  ihat  might  nisult  in  tlie 
retinal  image  of  external   oljjcct.s  is  nnpercoivcd.     Morever,  the_^ 
portion  of  the  extenml  world  that  falls  on  the  l>Iinfl  spot  of  one  eyQ^| 
falls  on  the  retinal  fieUl  of  the  other,  and  Is  thus  i>erceived  in  binoc- 
ular vifuon.     It  is  to  be  l>ome  in  mind,  also,  that  the  projection  of 
the  blind  spot  does  not  ai)fK>ar  in  tlie  visual  field  as  a  dark  area;  it 
ifi  simply  an  absent  area,  so  that  no  gap  exists  in  our  consciousness  of 
the  spatial  relations  of  the  visual  field ;  the  margins,  so  to  speak, 
the  hole  conie  into  contact  so  far  sis  our  ronsciousncss  is  roncerned. 

The  Action  Current  Caused  by  Stimulation  of  the  Retina.-^-] 
The  effect  of  light  waves  falling  upon  the  n^tina  Is  to  set  up  a  seri( 
of  nen'c  impulses  in  the  optic  nerve  Jil>crs.  It  Is  interesting  to 
find  that  these  impulses  aroused  in  a  sensor>'  nerve  by  a  normal 
stimulus  are  attended  by  electrical  changes  similar  In  those  of)served 
in  motor  fibers  when  stimulated  nonnally  or  artificially.  The  fact 
strengthens  the  \iew  that  the  electrical  change  is  an  invariable  ac- 
companiment of  the  ner\'c  impulse,  if  not  the  nerve  impulse  itself. 
If  the  eye  is  excised  and  connected  with  a  galvanometer  or  capillarv 
electrometer  by  two  non-polarizable  electrodes,  one  placed  ujxin  the 
cut  end  of  the  optic  nerve  and  the  other  on  the  cornea,  the  usual 
demarcation  current  is  obtained  due  to  the  injury  to  the  optic  nerve. 
If  the  preparation  is  kept  in  the  dark  and  arrangements  are  made 
to  throw  a  light  thn)ugh  the  pupil  upon  the  retina  the  galvanometer 
indicates  an  electrical  change  or  current  whenever  the  light  is 
admitted.*  The  fiireciion  of  the  current  in  the  eyelmll  is  from  the 
fumlus  to  the  cornea,  and  as  r^ards  the  pre-existing  demarcation 
onrrent  it  in  in  the  same  tlirection  and  forms,  therefore,  a  .so-called 
tive  variation.  When  the  electrodes  are  plac*^I  on  the  longi- 
tudinal and  tile  cut  surface  of  the  optic  ner\'e.  then,  according  to 
Kuhne,  the  electrical  respon.se  to  light  Is  a  negative  variation  similar 
to  that  described  for  stimulation  of  nerves  in  geneml  (p.  96).  Not 
only  is  there  a  *Might  resjK>nfie"  each  time  that  the  retina  is  stimu- 
lated by  light,  but  there  Is  a  similar  electrical  change,  a  '\lark  re- 

•  Dewarand  McKendrick,  " TnuMiartions.  RovalSocirtv.  Eilinl)tirxh."  27, 
1873;   G«t<'h.  "Journal  of  Phywology."  29.  388,  1903,  and  31.  I,  1904. 
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Bs,"  vfaen  the  H^t  is  suddenly  witbdrawn.  Thi^  last  interest- 
fiict  wookl  seem  to  indicate  a  stiuiiilatlon  process  of  some  kind 
fe  redna  due  to  darkness, — that  is,  withdrawal  of  the  objective 
Tbe  reaction  i^  a  ven-  sensitive  one,  lights  so  weak  as  to 
be  near  xhe  threEboId  for  the  human  eye  give  a  distinct  electrical 
in  Uae  frog's  retina,  and  an  eye  that  has  been  kept  in  the 
vaome  time  (dark-atiapted  eye)  shows  an  increaf;pd  sensitive- 
It  is  ven*  interesting,  also,  to  finti  that  tlie  frog's  retina 
to  a  range  of  light  ^ibrations  that  corre»pon<l8  with  the 
of  the  visible  spectrum  ats  seen  by  the  human  eye.  If  the 
s  a  true  indication  of  functional  activity  it 
tbat  the  frog's  vision  has  about  the  same  extent  as 
leganls  the  ether  waves  of  different  |)eriods  of  vibration. 
The  ^s«al  Purple  — Rhodopsin.— The  change  tluit  takes  place 
m  the  rods  and  cones  whereby  the  vibratory  ene^gj'  of  the  ether 
VBVBi  is  cutt verted  into  ner\'o  impulses  is  unknown.  It  hiis^  })een 
by  some  ob8en*crs  that  the  light  wa\'es  act  mechanically. 
we  movesnents  setting  into  vibration  portions  of  the  external 
of  the  pods  or  cones,  and  that  this  mechanical  movement 
the  direct  excitant  of  the  nerve  impulses  *  The  general 
bowev^er,  Ls  that  the  process  is  photochpmical, — that  is,  the 
<rf  the  ether  waves  sets  up  cliemieal  ctianges  in  the  rods  or 
which  in  turn  give  rise  to  ner\'e  impulses  that  are  transmitted 
to  the  brain.  We  have  an  analogy  for  this  action  in  the  known 
ehmgc  produce<l  by  light  upon  sensitized  photographic  films.  In 
the  retina  it^lf  some  tmsLs  for  such  a  view  is  found  in  the  existence 
of  a  rtxl  j)iginent  which  is  bleached  by  light.  This  interesting  dis- 
co\"en"  was  made  by  Boll,t  and  the  facts  were  afterward  carefully 
invetftigate<i  by  Kiihne.J  The  red  pigment,  known  asually  as 
visual  purple  or  rhodopsin,  is  found  only  in  the  external  segments 
iif  iIh'  rods;  the  cones  do  not  contain  it.  In  the  fovea,  therefore, 
which  has  only  cones,  the  pigment  is  entirely  al>sent.  The  existence 
irf  llic  visual  purple  may  be  demonstrated  ver>-  easily.  A  frog  is 
fcopt  f<.»r  some  time  in  the  dark ;  it  is  then  killed  and  an  eye  removed 
iM\\\  bu^ccicii  tHiiiatorially.  If  the  vitreous  is  removed  from  the  |ios- 
isrior  half  the  retina  may  lie  detached  by  means  of  a  pair  of  forceps. 
Whe^n  the  operation  is  j)erformed  in  red  or  yellow  light,  as  in  photo- 
i;niti^nc  work,  the  detached  retina  on  examination  by  daylight  i» 
found  t*>  Im^  »  ileep-red  color;  but  after  a  short  exposure  it  fades 
i-HlUiUv.  finally  I^ecoming  colorfess.  If  the  frogs  l>efore  operation 
wrrr  ox|>osc<i    to    strong  daylight,   the    retina    is  found  to  be 

•  Kenkrr.  *' Archiv  f.  mik.  Anatomie."  3,  248,  1S07. 

fltt>U    "Archiv  f.  PhysioJop*-,"  iS77.  4. 
Kilhiie.   "  l-^uttTsnch.  a.  d.  pliysioL  Inst,  d-  Univ.  Hcidelbm,"  vol.  i> 
its    \u>   "The  Photochemistry  of  the  Retina,  etc,"  traDslatcd  by  Foeter, 
187S. 
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cofonesF.  A  similar  pigment  is  fouml  in  the  eyes  of  mau  am 
the  other  mammalia.  It  has  been  shown,  moreover,  that  a  photo- 
graph may  be  made  upon  the  surface  of  the  retina  by  means  of  tliis 
purple.  ^  If  the  head  of  a  rabbit  or  frog  that  has  been  kept  in  the 
dark  for  some  time  is  exposed  with  proper  precautions  to  the  light 
of  a  window,  for  instance,  the  part  of  tlie  retina  on  which  the  image 
of  the  window-lights  falls  will  be  bleached,  while  the  \mr\s  ujKia 
which  tlie  image  of  the  window-bars  falls  and  the  surrounding  areaali 
of  the  retina  will  retain  their  red  color,  A  figure  of  such  a  retinal 
photograph  or  optogram,  as  it  is  called,  is  represented  in  the  aceom- 
pftnying  illustration  (Fig.  135).  The  visual  purple  has  Ijeen  extracted 
from  the  rods  by  solutions  of  bile  salts,  this  sulistance  having  the 
power  to  discharge  the  pigment  from  its  combimition  in  the  rods  in 
the  same  way  as  it  discharges  hemoglobin  fmm  its  com!>Jnation  in 
the  red  coqmscles.  The  solutions  thus  obtained  are  also  bleached 
upon  exposure  to  light.  We  have  in  the  vitual  purple,  therefore, 
an  unstable  substance 
mdily  decomposetl  or 
altered  by  the  me- 
chanical effect  of  the 
ether  waves,  and  also, 
it  may  be  said,  by 
mechanical  re- 
actions, such  as  com- 
pteaeion ;  and  t  he  re 
can  be  little  doubt 
that  the  substance 
plays  an  important 
part  in  the  functional 

response  of  the  rotl  elements.  It  has  been  shown  that  provisi< 
exists  in  the  retina  for  the  coastant  regeneration  of  this  red  pigment. 
It  will  be  remembered  tlmt  the  external  segments  of  the  rods  im- 
pinge upon  the  heavily  pigmented  epithelial  cells  tliat  lie  between 
the  rods  and  the  chon»id  coat.  From  experiments  ujxjn  fn>gs'  eyes 
it  appears  that  a  portion  of  the  retina  detached  from  the  pigment 
ceUs  and  bleached  by  the  action  of  light  is  not  able  to  regenerate  it« 
visual  purple  until  again  laid  back  upon  the  choroid  coat.  This 
regenerating  inHuence  of  the  black  pigmented  cells  may  l>e  con- 
nected with  another  interesting  relation  that  they  exliibit.  Under 
•  normal  conditions  delicate  processej*  extend  from  Uiese  cells  and 
penetrate  between  the  rods  and  cones.  When  the  eye  is  exposed 
til  light  the  black  |)igmi'nt  migrates  along  these  processes  as  far  even 
as  the  external  limiting  membmne,  and  it  is  jMJssible  that  this  ar- 
ft  rangcment  may  lie  useful  in  ol)viating  diffiiriC  mdiation  of  light 
H  from  one  rod  to  another.     When  the  eye  la  kept  in  the  dark,  however, 


Fi«.  !3'». — OtJtogrmm  in  ey*  of  rabbit:  I,  The  ni»r» 
mal  appettmnpo  of  ibe  retina  in  the  rmbbil'A  eye:  a.  The 
enlntnce  of  tbe  optic  iirrve;  b,  b.  a  colormis  strip  trf 
m*dulUtefl  nerve  nlicni:  r.  ii  vtrip  qI  deeper  color  Mptt- 
raliiig  the  lighter  iipuer  fnini  tbe  mure  heavily  pijginent«cl 
lower  portion.      'J  .Hhown  tbe  optogrmui  of  »  wiitdow. 
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the  pigment  moves  outwardly  antl  collects  aroimd  the  external 
segments,  where  the  process  of  regeneration  of  the  visual  purple  is 
taking  place.  Further  evidence  that  the  visual  purple  is  eonm»cted 
with  the  irritaljilJtv  of  the  rods  toward  Itglit  stimulation  is  shown 
by  the  fact  that  when  it  is  exfx>sed  to  the  different  ra>'3  of  the  spec- 
trum the  absorption  of  light  is  greatest  in  that  part  of  the  spec- 
tmm  (green)  which  appears  the  brightest  in  \*ision  when  ca.rried  out 
imder  such  conditions  as  may  be  supposed  to  involve  the  activity 
chiefly  of  the  rcuis  (see  i>elovv  for  these  conditions).  It  is,  however, 
perfectly  obvious  that  visual  purple  is  not  essential  to  \Tsion.  The 
fact  that  it  is  absent  from  the  fovea  centralis  Ls  alone  sufficient. 
proof  of  this  statement.  Moreover,  it  seems  to  l>e  absent  entirely 
in  the  eyes  of  >*ome  animals;  for  instance,  the  pigeon,  hen,  some 
reptiles,  and  some  l>ats.  The  most  attractive  view  of  the  function 
of  the  visu&l  jjurple  is  that  it  serves  to  increase  the  delicacy  of  re- 
sponse or  irritability  of  the  rods  in  dim  lights, — ^a  view  that  is  ex- 
plained in  mon-  detail  in  the  paragraph  below.  deaUng  with  the  sup- 
posed difference  in  fimction  between  the  rods  and  cones. 

The  Extent  of  the  Visual  Field— Perimetry. — By  the  visual  field 
of  each  eye  is  meant  the  entire  extent  of  the  external  world  which 
when  the  eye  is  fixed  fonns  an  image  upon  or  is  projected  upon  the 
retina  of  that  eye.  From  what  has  l^eensaid  previously  regarding 
the  dioptrics  of  the  eye  it  b<  obvious  that  the  visual  field  is  inverteii 
ujwn  the  retina,  and  that,  therefore,  objects  in  the  upjjer  visual  field 
fall  upon  the  lower  half  of  the  retina,  and  objects  in  the  light  half 
of  the  visual  field  fall  upon  the  left  lialf  of  the  retina.  Since  the 
retina  h  N:»nsilive  to  light  up  to  the  ora  serrata,  it  is  evident  that  if 
the  eye  were  j^rolnultHl  suiriciently  from  its  orbit  its  projected  visual 
field  when  represented  uixju  a  Hat  surface  would  liave  the  form  of  a 
circle  the  center  of  which  would  correspond  to  tlie  fovea  centralis. 
As  a  matter  of  fact,  the  configiiration  of  the  face  is  such  as  to  cut 
off  a  considerable  part  of  this  field  and  to  give  t/»  the  field  as  it 
actually  exists  an  irregidar  outline.  The  bridge  of  the  nose,  the 
projecting  eyebnjws  and  cheek  bones  serve  to  thus  limit  the  field. 
To  obtain  the  exact  outline  and  extent  of  the  virtual  field  in  any  given 
cose  it  is  only  necessary  to  keep  the  eye  fix<Mi  and  then  to  move  a 
small  object  in  the  different  meridians  and  at  the  same  distance 
from  the  eye.  The  limits  of  vL*4on  may  he  obtained  in  this  way 
along  each  meridian  and  the  residts  combined  iij>on  an  appropriate 
chart.  .\n  insti*ument,  the  jx^rimeter,  has  been  devised  to  facilitate 
the  process  of  charting  the  visual  field.  It  has  been  given  a  numl>er 
of  different  forms,  one  of  which  is  illustrated  in  Fig.  136.  The  sliape 
of  the  visual  fields  in  the  normal  eye  is  represented  in  Fig.  137, 
The  determination  of  the  visual  fields  is  of  esjK'cial  importance  in 
cases  of  brain  lesions  involving  the  visual  area  in  the  occipital  lobe. 


4 
4 


^ 


^ 


PROPERTIES   OF  THE   RETINA. 

The  extent  and  portion  of  the  retina  affected  may  be  used  to  aid  in 
locating  the  seat  of  the  lesion.  For  physiolopcal  and  for  clinical 
purposes  it  isneeessar>'  to  distinguish  between  the  central  (or  direct) 
and  the  periphmU  (or  indirect)  fielris  of  vision.  The  fonner  tf^rm 
ia  meant  to  refer  to  that  portion  of  the  field  which  falls  iiptm  the 
fovieft  centralis:   in  other  words,  it  is  the  projection,  in  any  fixed 


jrw.    130.— P«niiie(«r-     The  Momicirculv  bar   mmy  be  plaoed  Lit  any  meridLui. 


A 

_  .  UiMi  movAil  aloDc  tbe  bar  from  without  ia  until  it  vi  ^unt  perceived.    Th« 

■npilaf  dialAoe*  ai  which  this  oceurn  ift  marked  off  on  the  corrvffpondinic  meridian  on  the 
elMrt  Maa  al  tha  Wft  of  tbe  fi^rv.     The  ey«  examined  ciuac  over  tbe  top  of  the  vertical 
d  at  the  right  at  a  fixed  point  in  tbe  niddle  uf  tbe  aaraieircutar  bar. 


position  of  the  eye,  of  the  fovea  into  the  external  world.  Tlie 
peripheral  field  refers  to  the  rest  of  the  visual  fieJd  involving  the 
retina  out*<ide  the  fovea.  As  a  matter  of  fact,  all  of  our  distinct  and 
moet  useful  vision  in  the  daytime  at  least  is  effected  through  the 
fovea.  When  the  eye  is  kept  fixed  the  small  {xjrtiou  of  the  external 
world  that  falls  upon  the  fovea  is  seen  distinctly.  AJl  the  rest  is 
8cen  more  or  less  indistinctly  in  proportion  to  the  distance  of  its 
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reliua!  imago  from  the  fovea.  In  using  our  eyes,  therufore,  we  keep 
them  continually  in  motion  so  as  tx5  bring  each  object,  as  we  pay 
especial  attention  to  it^  in  the  field  of  central  vision.  The  line 
from  the  fovea  to  the  point  looked  at  is  designated  as  the  hrw  o/ 
sight.  Tlie  area  of  the  fovea  is  quite  small.  The  measurements 
given  by  difTenmt  observers  vuiy  somewhat,  es})ecially  as  in  somp 
cases  the  nieiUfurements  are  eytimated  for  the  Iwttom  of  the  de- 
pression, the  fundus,  and  in  others  for  the  diameter  from  edge  to 
edge.  The  average  diameter  is  usually  given  as  lying  between  0.3 
and  0.4  mm.    Lines  drawn  from  the  ends  of  this  diameter  to  the 
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Fig.   137. — Perimeter  chart  to  show  the  Bold  of  vision  for  a  right  eye  wfaeo  kept  in  ■  fixed 
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nodal  point  of  the  eye  subtend  an  angle  of  1  degree  to  1.5  degrees; 
anfl  therefore  all  objects  in  the  external  world  around  the  line  of 
sight  whose  visual  angle  is  witliin  this  limit  are  comprised  in  the 
central  field  of  \ision,and  their  retinal  images  fall  upon  the  fovea. 
Unilateral  lesions  of  one  occipital  lobe  cause  half-blindness  (hemi- 
opia)  in  the  retinas  on  the  same  side, — that  is,  lesions  in  the  right 
occipital  lobe  cause  blindnejis  of  the  right  halves  of  the  retinas,  while 
injuries  to  the  left  occipital  lobes  are  accompanied  by  loss  of  \'ision 
on  the  left  sides  of  the  retinas  (see  p.  195);  but  such  unilateral 
lesions,  it  is  stated,  do  not  involve  the  central  field  of  vision — only 
the  peripheral  portion  of  the  field  is  affected.     In  connection  with 
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ial  functions  in  vision  the  fov(>a  centmli.s  possesses  a  peculiar 
cture.  It  fonns  a  sliallow  tlepression  in  the  center  of  the  retiim 
deitcribed  by  some  authors  as  elliptical,  by  olhere  as  circular  in  out- 
line. In  the  center  of  the  fovea  lies  a  amaller,  very  shallow  depres- 
aion  spoken  of  as  the  foveola.  The  diameter  of  the  fovea,  as  stated 
ai)Ove,  is  estimated  diflferently  by  different  authors.  While  meas- 
urements on  presen*ed  specimens  give  the  diameter  as  0.2  to 
0.4  mm.,  ophthalmoscopic  examination  seems  to  indicate  tliat  in 
fresh  state  it  may  Ix;  larger.  According  to  Fritsch,*  the  fundus, 
kiincd  from  the  }X)int  at  which  the  depression  begins,  ha.s  a  diam- 
eter of  0.5  to  0.75  mm.  VVitlun  the  fov(Mi  <rones  only  are  i>rKst»ut, 
and  these  cones  are  longer  and  more  slender  (diameter,  0.002  mm.) 
than  in  the  rest  of  the  retina.  Moreover,  the  thickness  of  the  retina 
i.^  much  nniueed  in  the  fovea,  whence  arises  the  depression.  At 
ihia  pftint  the  cones  ure  pnicticallj'  exposed  directly  to  the  light, 
whepcius  in  other  jjarts  the  light  must  penetrate  the  other  layers 
before  reaching  ihe  nxLs  and  cones.  Lying  aroimd  the  fovea  Ls  an 
area  about  6  mm.  in  diameter,  of  a  yellowish  color,  and  hence 
known  as  the  macula  lutea.  According  to  recent  observers! 
the  yellow  color  of  the  maculu  is  due  to  post-mortem  changes. 
In  a  nomml  retina  this  area  does  not  show  ii  yellow  color  and 
there  is,  iherefore.  no  reason  why  it  should  l>e  given  a  special  desig- 
mition. 

Visual  Acuity. — The  distinctness  of  vbion  varies  greatly  in 
diileri'nt  parts  of  the  retina.  It  is  usually  measured  by  bringing 
two  fine  lines  closer  and  closer  together  until  the  eye  is  unable 
to  .see  them  as  two  distinct  objects.  Measurcfl  in  this  way  it  is 
usually  stated  that  when  the  distance  between  the  lines  subtends  an 
angle  of  1  minute  ((50  seconds)  at  the  eye  the  limit  of  %TsibiHty  is 
reached.  This  angle  on  the  retina  comprises  an  area  of  about  0.004 
mm.  in  diameter,  sufficient  to  cover  two  cones  in  the  fovea.  A 
aimpler  method  to  ascertain  the  size  of  a  just  perceptible  image 
on  the  retina  is  to  use  a  black  sj>ot  upon  a  white  background.  At  a 
sufficient  distance  this  object  will  be  invisible,  but  if  brought  closer 
lo  the  eye  it  will  be  just  seen  at  a  certain  distance.  The  diameter 
of  the  spot  being  kno>**n,  and  its  distance  from  the  eye,  the  size  of  the 
retinal  image  may  be  calculated.  Using  this  method.  Guillery  J 
Ctttimated  the  size  of  the  just  perceptible  retinal  image,  or,  as  it 
pn  appropriately  called,  the  phfftiologiad  point,  at  0.{X)35  mm. 
estimates  apply  only  to  the  fovea,  and,  indeed,  to  the  central 
part  of  the  fovea,  the  foveola.  Numerous  authors  have  called 
attention  to  the  fact  that  the  si/e  of  the  physiological  point  for  the 
fovea   varies  with  the   intensity  of  illumination.     The  estimates 

•  KritHoh.  'I'^itsuncslM-nrhtc  d.  konig.  Akud.  d.  Wisfl.."  Berlin.  IWOO. 

♦  Sivrfn.  "SkuiuliiiaviHfliefi  Archiv  f.  PhysiuK,"  I1K)5.  17.  :i(Xi. 
tGuill«'f7,  "Zeitichrift  f.  Psychologie  u.   Pfayaiol.  il.  tjinnerargaiir. "  12, 

243.  18U6. 
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given  are  for  onliimr>*  room  light.     Out  of  doors,  and  eei^ecially  iii 
the  case  of  persons  who  live  liabitually  an  oiitiioor  Ufa,  the  physio- 
logical point  is  smaller— less  than  half  the  size  given  above.     We 
may  lx»lieve.  lliurefore,  that  under  the  most  favorable  conditions 
we  can  jjerceive  an  object  whose  image  on  the  fovea  is  less  than  the 
diameter  (().(X12  mm.)  of  a  single  cone.    The  acuity  of  vision  does 
not  vanr'  greatly  throughout  the  fovea;   any  object  whose  retinal 
image  falls  well  within  the  fovea  can  be  seen  quite  distinctly  in  all 
of  its  parts  when  the  eye  is  fixed  for  the  center  of  the  object.     This 
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Fig.   138.— Curv«  to  show  tha  raUtira  acuity  of  vMon  in  iha  central  and  prriphct«l 
fiekband  in  the  li«ht-&<laptei]  and  the  dark-ftiUpt^xl  eye— (A'orWn- )     The  TuU  fine  rvpi«- 
aeota  the  relalivo  aculenoiHs  of  vtnion  in  the  eye  exp<w«il  to   ilnuaI   iUuniin*tion.      Kpom  tha 
eenter  of  the  fovea,  0'*,  the  uruity  of  viMon  foJls  rapiilly^  at  Qrat  ami  tbea  more  slowly  aa  ocw 
Xm^*ee*  oiitwanj  lato  \\m  periplieritl  fieM.      The  dalt«d  liiio  repramnta  tba  acuity  at  visiao  is 
dim  lightj.     Tha  foveK,  it  will  be  notiwd.  is  hM»  aeo^itivo  th^n  th«  pa.rU  tk  tba  retina  mH  an 
a,QKular  disl&aoe  o(  10*  or  even  60**. 

is  the  case,  for  instance,  with  the  moon.     Nevertheless,  in  looking 
at  such  an  object  as  the  moon  the  eye  to  make  out  details  will 
fixate  one  point  after  another,  .showing  that  for  most   distinct 
vision  we  use  probably  only  the  center  of  the  fovea.     As  we  pass  out 
from  the  fovea  in  the  peripheral  field  of  vision  the  acuity  of  \'ision 
diminishes  at  first  very  rapidly,  so  that  at  20  degrees,  for  iastance, 
from  the  center  of  the  fovea  the  physiological  point  on  tlie  retina  '\a 
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O.O.'Vi  mm.;  that  is.  it  has  a  diameter  ten  times  as  large  as  in  the 
fovea.  On  this  account  our  xnsion  in  the  peripheral  field  is  very 
tndiiitinct. — lietaiLs  of  form  cannot  be  clearly  perceived.  The 
rapidity  with  which  visual  acuity  liiniinishes  as  we  pass  outward 
frvni  the  fovea  is  indicated  by  the  cu^^'e  given  in  Fig,  ].*iG.  In  all 
close  work,  therefore,  we  keep  our  eyes  moving  continually  so  as  to 
bring  one  point  after  another  into  the  center  of  the  fovea,  as  Is  well 
illustratoil  by  the  act  of  reading.  If  the  eye  is  kept  fixed  upon  the 
central  letter  of  a  long  word,  only  one  or  two  letters  on  each  side 
can  be  made  out  distinctly  in  spite  of  the  fact  that  with  such 
familiar  objects  we  can  guess  the  letter  even  when  the  image  is  not 
entirely  distinct.  In  ophthalmological  practice  the  acuity  of  vision 
(central  vision)  is  mea^ur(•^i  u.s\ially  by  tost  lett^^r^-  whose  size  is 
aich  that  at  the  tlislance  at  which  they  aR*  read — say,  6  meters  (2() 
feet),  the  practical  far  point  at  which  no  accommodation  ha  needed — 
each  subtends  at  the  eye  an  angle  of  5  minutes.  An  eye  that  can 
distinguish  the  lettens  at  this  di^tancc  is  said  to  be  normal :  one  that 
can  ilistLnguish  them  only  at  a  smaller  distance  or  at  the  given 
distance  requires  letters  of  larger  size  has  a  subnormal  acuity  of 
\ision.  If,  for  instance,  an  individual  at  20  feet  can  read  only 
those  letters  that  the  normal  eye  can  ilLstinguish  at  KM)  feet  his 
visual  acuity.  V.  is  e(jvijil  to  VW- 

Relation  between  the  Amount  of  Sensation  and  the  Intensity 
of  the  Stimulus  "Thresh  old  Stimulus. — With  the  sensory  as  with 
the  motor  ner\'es  we  may  dLslinguii^h  lx»twi?en  various  degrees  of  sul>- 
maximaJ  stimulation.  The  stronger  the  stimulus,  the  stronger  the 
rvaction,  that  Ls,  in  thi^  com-  of  the  optic  nene,  the  visual  sensation. 
The  end  reaction  of  the  activit)'  of  a  sensor)^  ncr\'e  is  a  state  of  con- 
ficioiisnefis.  The  variations  in  nmgnitude  of  this  state  can  not  be 
measured  with  objective  exnctness.  they  must  l>e  judge<I  subjectively 
by  tlu*  indiviihiul  concemc<l.  A  stimulus  t<X3  weuk  to  give  a  re- 
spoa^c  with  a  motor  nen'e  is  usually  dc.sijrnat^Hl  in  physioIog>'  as 
subminimal;  a  simibir  stimulus  with  sensor)'  nerves  is  fret|uently 
expressed  by  the  ecjuivalent  tcnn  subliminal, — that  is,  below  the 
threshold.  So  a  stimulus  just  strong  enough  to  provoke  a  percep- 
tible reaction  is  the  minimal  stimulu-s  for  efferent  rien'es  and  the 
threshold  atimidus  for  senson'  ner\'es.  Inasmuch  as  the  variations 
in  the  intensity  of  consciousness  can  not  he  adei|uately  measured, 
it  Ls  pustomart',  in  studying  the  relations  of  the  strength  of  stimulus 
to  the  conscious  response,  to  pay  attention  to  the  strength  of  stimu- 
lus under  any  given  condition  which  is  .sutTicient  to  arouse  a  just 
perceptible  difference  in  the  conscious  reaction.  Proceeding  uixin 
this  method,  it  is  found  in  the  case  of  tlie  visual  .sensations  and  the 
optic  nerve,  as  with  other  sensations  and  their  corresponding  ner\'ea, 
that  the  increase  of  stimulus  necessar>'  to  cause  a  just  perceptil>le 
change  in  consciousness  varies  with  the  amount  of  stimulus  already 
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acting.  If,  for  instance,  the  retina  is  l>cing  stimulated  by  a  light  of 
1  candJo  power  an  increase  of  illununalion  to  l.l  can<llc  power  may 
niake  a  pereeptiUlc  difference  in  sensation.  Rut  if  the  retina  i* 
being  illuminated  hy  a  light  of  10  candle  i)ower  an  increase  to  10,1 
candle  power  would  probably  niake  no  perceptible  difference.  For 
a  certain  range  of  stimulation,  in  fact,  it  ha^*  l^een  stated  that  the 
increase  in  stimulus  must  be  a  constant  fractional  jjart  of  the  stimu- 
lus already  acting.  That  is,  in  the  hyp<.>thetical  case  given,  if,  with 
1  candle  power,  an  incivasc  to  1.1  candle  power  malces  a  just  [xt- 
ceptible  difference  in  consciousness,  then  with  10  candle  power  an 
increase  of -j^iy  of  the  acting  stimulus,  namely — I  candle  power — will 
be  necessary  to  cause  a  perceptible  difference.  The  relation  as 
expres.sed  in  tbis  form  is  known  a.s  Weber's  law;  but  it  seems  prob- 
able that ,  wFiile  the  general  fact  is  true,  this  exact  expression  of  it 
hokb  oidy  approximately  for  an  intermediate  range  of  stimulation. 
In  this  nuitter  of  a  threshold  stimulus  the  sensitiveness  of  the 
retina  shows  also  certain  interesting  differences  in  the  foveal  as 
compared  with  the  peripheral  field.  The  difference  is  en'^pecially 
marked  when  the  reaction  of  the  retina  in  strong  lights  is  compared 
\\ith  its  reaction  in  dim  light*;. 

The  Light-adapted  and  the  Dark-adapted  Eye. — The  con- 
dition of  the  retina  changes  when  after  exposure  to  light  it  is  sub- 
mitted to  darkness,  the  change  being  most  marked  in  the  peripheral 
field.  When  one  passes  from  daylight  into  a  dark  room  vision 
at  first  is  very  imperfect,  but  after  some  minutes  rupidly  im- 
proves, *' as  the  eye  becomes  accustomed  to  the  dark/'  The 
change  is  known  as  an  adaptation,  and  in  this  i-espect  the  retina 
differs  from  the  sensitive  photographic  plate.  Comparison  of  the 
threshold  stimulus  for  tUfferent  parts  of  the  retina,  in  an  eye 
exposed  alternately  to  darkness  and  to  light,  has  shown  that 
in  i  he  ilark  the  sensitiveness  in  the  peripheral  field  increases 
grciitly  during  an  liour  or  su,  while  that  of  the  foveal  field  is  appar- 
ently unchanged.  With  such  a  dark-a<laptetl  eye,  therefore, 
there  will  be  a  certain  dim  li^dit  which  will  be  seen  liy  the  per- 
ipheral parts  of  the  retina,  but  perhaps  will  cause  no  reaction 
upon  the  fovea.  For  svich  a  degree  of  light,  therefore,  the  fovea 
wouhl  l>e  blind.  This  genenil  fact  ha.s,  indeed,  long  l>een  known. 
Anyone  may  notice  in  late  twilight,  when  the  star^  are  beginning 
to  appear,  that  a  vcr>'  faint  star  rnay  ilisapjx'ar  when  looked  at, — tliat 
is,  when  its  image  is  hn>ught  upon  the  fovea  ;t<)  see  it  one  must  direct 
Ills  eyes  a  little  to  the  side,  so  as  to  bring  its  image  into  the  periph- 
eral fiekl.  This  greater  sensitiveness  of  the  dark -adapted  eye  in 
the  j:)eripheral  field  where  the  rofls  predominate  over  the  cones  seems 
to  be  associated  with  the  movement  of  the  pigment  in  the  pigment 
epithelium  (see  above)  and  the  resnilting  regeneration  of  the  visual 
purple  in  the  external  segments  of  the  rods.    The  increase  in  the 
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visual  purple  in  tho  dark  may,  indeed,  account  for  the  inoreused 
senaitivenesK  to  light  in  the  rod-region  and  explain  why  m  f^imilar 
increase  fails  to  occur  in  the  fovea,  where  only  cones  are  present. 
The  curve  given  iu  Fig.  l.SS  showH  tluit  in  tiie  iliirk-H(hipt-ed  eye 
the  acuity  of  vision  in  the  peripheral  field  Ls  greater  tlian  in  the 
fovea.  In  accordance  with  these  facts  von  Kries*  lia-s  suggested  that 
the  rotls,  the  jx^riphend  field  of  the  retina,  are  especially  adapted 
for  vision  in  dim  lights,  night  vision,  while  tho  cones  are  especially 
adapted  f«ir  vision  in  strong  lights,  day  viision.  Tliis  general  fact 
will  perhapH  accord  with  the  experience  of  anyone  who  attempts 
to  t«timate  the  viUue  of  his  peripheral  vision  in  dim  nightlight  as 
coinpare<i  with  daylight.  Other  interesting  tliflfcrences  in  the  reac- 
tion of  the  lighi-atlapted  and  the  dark -adapted  eye  are  referred  to 
below  in  connection  with  color  blindness. 
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In  addition  to  the  spatial  attributes  connected  with  our  visui 
sensations — that  is,  the  perception  of  form — they  are  characterized 
by  two  properties  which  may  be  described  in  general  as  variatiooftH 
in  intensity  and  in  quality.  ^| 

Luminosity  or  Brightness. — That  characteristic  which  we 
cieecribe  as  the  luminosity  or  brightness  of  a  visual  sensation  has  „ 
beeo  defined  differently  by  various  writers.  We  may  consider  itjM 
however,  as  the  expression  of  the  intensity  of  the  acting  stimulus. 
Sensations  of  the  same  quality  are  easily  compared  as  regards  their 
brightness.  We  can  tell  as  between  two  whites  or  two  greens  which 
is  the  brighter  of  the  two,  but  when  two  different  qualities — a  red 
an<l  a  green  sensation,  for  instance — are  compared  our  subjective 
detennination  of  the  relative  brightness  is,  for  most  jxrsons,  diffic\dt 
or  impassible  to  make.  To  a  lesser  degree  the  dilhculty  Ls  similar 
to  that  of  the  com|)ari>^>n  of  sight  and  sound.  According  to  tb^H 
eoDoeption  adopteil  here,  however,  tlml  the  brightness  is  an  ex-™ 
pression  of  the  intensity  of  the  stimulus,  an  objective  standard  of 
comparison  might  1k'  obtained  by  measuring  the  resulting  action  cur- 
irnts  in  the  optic  ner\'e  lil)ei>.  When  the  s|>ectnil  colors  are  ex- 
amined it  is  obvious  that  some  of  the  colore  are  brighter  than  others, 
the  extreme  red  and  extreme  violet,  for  instance,  [H^ssessing  little 
luminosity  as  compared  with  the  yellow.  The  relative  bright mi»ss 
of  the  different  spectral  rolf)rs  is  found  to  var>^  with  the  amount  of 
illumination,  as  is  shown  in  the  curves  given  in  Fig.  i;i9.  With  a 
brilliant  spectrum  the  maximum  brightness  is  in  the  yellow,  but 
with  a  feeble  ilhiminalion  it  shifts  to  the  green.  This  fact  accords 
with  what  is  known  as  the  '*  l^irkinje  phenomenon," — namely,  the 

•  Von  Krie«.  "Zeitschrifl  f.  Psvchologie  u.  Phvsiotogie  d.  SiiineeorRan*?," 
©,81,  1896. 
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rhanpins  luminosity  arnl  rolor  value  of  colors  in  dim  lights.  As  the 
hght  bemnieM  more  feeble  the  colors  toward  the  reii  enil  of  the 
8|>Rctrum  lose  their  quaUty,  the  blue  colors  l)eing  perceived  Wt  of 
alb  just  as  in  late  twilight  it  may  be  noticed  that  the  sky  remains 
distinctly  blue  after  the  colors  of  the  landscape  Ijecnme  indistin- 
guishabfe.  It  should  l>e  added  that  the  "  Purkinje  phenomenon  " 
Ls  true  only  for  the  parts  of  the  retina  lying  outside  the  fovea, 
that  is,  for  the  peripheral  field.  As  the  light  grows  dimmer  the 
perception  of  blue  is  lost  first  in  the  fovea,  so  that  with  a  certain 
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fit.  139.— Duurrnm  nhnninir  the  tiii^tribulinn  nf  the  inlvnuity  of  the  spectrum  mm  dO' 
pendent  upon  the  (leK?w  of  iltumination.  T)io  i<f>crtrum  is  reprewnied  atons  tlie  ftbseiau^ 
the  nuinenLlti  Kivins  tht!  wuve  [etiutlui  Truin  n^l,  070,  to  violot,  430.  The  r>rdin*tea  givi 
the  lufi)ino»it>  iif  the  difTerrnt  cii(<>r«.  h'iahl  rurvagi  are  given  to  sbow  the  chance*  ia 
dL-rtrihutinn  of  relative  britchtnofln  with  cnanitBa  tn  deffT«c  of  illumination.  ^  With  cIm 
greatest  UlutnimiLum  the  maximuin  briiEhtnew)  if  in  the  yatloir  (0O&-02fi);  with 
niumiuatloa  it  ahifta  l<j  the  ipeeo  (535).— (/Ctf'n'i;. ) 


feebleness   of  illumination    the   central   field   becomes  bhie-blm< 
With   a  very  feel>!e  illumination   the  dnrk-adapted  eye  becomes 
prat'ticnlly  tolully  color  blind. 

Qualities  of  Visual  Sensations.— The  difTerent  qualities  of  our 
color  sonsiitions  may  be  ari-anped  in  two  scries:  an  achrfmiatic 
series,  consisting  of  whit<»  anti  black  and  the  intermediate  grays, 
and  a  chmmatic  series,  ct)mprising  the  various  spectral  colors,  to- 
gether with  the  purples  made  by  combination  of  the  two  ends  of 
the  spectrum,  red  and  blue,  and  the  colors  obtained  by  fusion  of 
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iral  colore  with  white  or  with  black,  such,  for  instance,  as 

ofives  ami  bmwns. 

The  Achrtrmatir  Smvjt. — Our  standard  white  seasation  is  that 
causec!  by  sunlight.  Objects  reflcpting  t^  our  eye  all  the  visible 
nys  of  the  sunlight  give  us  a  white  sensation.  This  sensation, 
theppforc,  is  due  primarily  to  the  combined  action  of  all  the  vlnible 
rays  of  the  spectrum,  each  of  wl»ich,  taken  .sepamtely.  would  give 
ua  a  color  sensation.  White  or  gray  may  be  produced  alrfo  by  the 
combine*!  action  of  certain  pairs  of  colors, — coniplomentar>'  colors, — 
as  is  described  Ix^Icjw.  Black,  on  the  contrary,  is  the  senbation 
caused  by  withdrawal  of  light.  It  must  be  emphasized  that  m 
order  to  see  black  a  retina  must  be  present.  It  Ls  probable  that 
a  person  with  both  e>'es  enucleated  has  no  sensation  of  darkness. 
Tlmt  Mark  is  a  .'^easation  referable  to  a  condition  of  the  retina  is 
made  probable  also  by  the  interesting  observations  recorded  by 
Gotch.* — namely,  that  when  an  eye  that  has  been  exposed  to  light 
is  suddenly  cut  off  from  the  light  there  is  an  electrical  change  in  the 
retina,  a  dark  response,  similar  to  that  caused  b>-  throwing  liglit  on 
a  retina  previously  kept  in  the  dark.  Blackness,  therefore,  is  a 
sensation  produced  by  withdrawing  light  from  the  retina,  and  a 
black  object  is  one  that  reflects  no  light  to  the  eye.  Black  may  be 
conibine<l  with  white  to  produce  the  series  of  grays,  and  when  com- 
bined with  the  spectral  colors  it  gives  a  series  of  modified  color  tones, 
thus  the  olives  of  different  shades  may  be  considered  as  combina- 
tions of  green  and  black  in  var>  ing  i)roportions. 

The  chrortuUic  srrirs  consists  of  tho.«e  qualities  to  which  we  give 
the  name  of  colors,  and,  as  stated  al>ove,  ihey  comprise  the  spectral 
color?*,  and  the  extrasjx^ctral  color,  purple,  togethei  with  the  light- 
weak  and  light-strong  hues  obtained  by  combining  the  colors  with 
white  or  black.  In  the  spectnim  many  different  colore  may  be 
detected, — some  obsen'ers  record  as  many  as  one  hundretl  and 
sixty. — but  in  general  we  give  specific  names  only  to  those  that 
stand  sutficiently  far  apart  to  represent  quite  distinct  sensations, — 
namely,  the  red,  orange,  yellow,  green,  blue,  and  violet.  When 
light  is  taken  from  a  definite  Hmited  portion  of  the  spectnmi  we 
have  a  monochromatic  light  that  gives  us  a  distinct  color  sensation 
var>-ing  with  the  wave  length  of  the  |x)rtion  chosen. 

Color  Saturation  and  Color  Fusion. — I'hc  term  saturation  as 
applied  to  colors  Ls  meant  Ut  define  tlieir  fre<»dom  frcmi  accompany- 
ing white  sensation.  A  fjerfectly  saturated  color  would  be  one 
entirely  free  from  mixtum  with  wliite.  <.»n  the  objective  side  it  is 
eaay  to  select  t  monochromatic  bundle  of  rays  from  the  spectrum 
without  admixture  of  white  light,  but  on  the  physiological  side  it  is 
not  probable  that  the  color  sensation  thus  produced  is  entirely  free 
•Ooicli,  "Journal  of  Physiology,"  29.  388,  1903. 
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from  white  sensation,  since  the  monochromatic  rays  may  initiate 
in  the  retina  not  only  the  Kpeeific  processejn  underlying  the  pn> 
diK'tion  of  its  special  color,  but  at  the  same  time  give  rise  in  some 
degree  to  the  pro(H's.seK  causing  white  wMisations.  Even  the  speclraJ 
colors  are  therefore  not  entirely  saturated,  but  they  come  as  near 
to  giving  us  tliis  condition  as  we  can  get  without  changing  the  state 
of  the  refhia  itself  by  previous  stimulation. 

Color  Fasi'on. — Ry  color  fusion  we  mean  the  combination  of  two 
or  more  coUtr  processes  in  the  retina,  tliis  end  being  obt-ained  by 
sui>erposing  upon  the  same  portion  of  the  retina  the  rays  giving 
rise  to  these  color  processes.  It  must  be  borne  in  mind  that  color 
fusion  ujK)n  the  R'tina  Ls  quite  a  different  thing  from  color  mixture 
as  i}rac'tised  by  the  artist.  A  blue  pigment,  such  as  Pnissian  blue, 
for  instance,  owes  its  blue  color  to  tlie  fact  tlmt  when  sunlight  falls 
uj>ou  it  the  red-yellow  rays  arc  absorbed  and  only  the  blue,  with 
some  of  the  green,  rays  are  reflected  to  the  eye.  So  a  yellow  pig- 
ment, chrome  yellow,  absorbs  the  blue,  \iolet,  and  red  rays  and 
reflects  to  the  eye  only  the  yellow  with  some  of  the  green  rays.  A 
mixture  of  the  two  upon  the  palette  will  absorb  all  the  rays  except 
tlie  gn^en  and  will  therefore  appear  green  to  the  eye.  If,  however, 
by  means  of  a  suitable  device,  we  throw  simultaneously  upon  the 
retina  a  blue  and  a  yellow  light,  the  result  of  tlie  retinal  fusion  is 
a  sensation  of  white.  Many  diflerenl  methods  have  been  employed 
to  throw  colore  simultaneously  upon  the  retina,  the  most  perfect 
being  a  system  of  lenses  or  niirrors  by  wliich  tiifTerent  portions  of 
a  sjK^ctnun  can  be  sujHTiMKstMl.  The  usual  device  employed  in 
laborator>'experuHen1.siH  that  of  rotation  of  di^<'s  of  colored  jmiixt. 
Each  disc  has  a  slit  in  it  from  center  to  periphery  so  that  two  discs 
can  be  fitted  together  to  expose  more  or  less  of  each  color.  If  a 
combination  of  tliis  kind  Ls  attached  to  a  small  electrical  motor  it 
can  be  rotated  so  rapitily  tliat  the  imprc-ssions  of  the  two  colors 
upon  the  retina  fnllow  at  siich  a  short  interval  of  time  as  to  l>e  prac- 
tically siinultancoiis. 

The  Fundamental  Colors. — By  the  methods  of  color  fusion 
it  can  be  shown  ihut  three  colors  may  be  selected  from  the  spec- 
trum whose  combinations  in  ditTerent  proportions  will  give  white, 
or  any  of  the  intermediate  color  shades,  or  purple  Considereti 
purely  objectively,  a  set  of  three  such  colors  may  be  designated 
as  the  fundamental  colors,  and  red,  yellow,  and  blue,  or  red, 
green,  and  violet  have  l>een  the  three  colors  selected.  On  the 
physiological  side,  however,  it  haa  l>een  assumed  that  there  are 
certain  more  or  less  independent  color  processes — photochemical 
processes — in  the  retina  which  give  us  our  fundamental  color  sen- 
itions.  and  that  all  other  color  sensations  are  combinations  of  these 
rocesses  in  varying  proportions  with  each  other  or  with  the  proc- 
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causing!  whit€  aad  black .     Referrinj:  only  to  the  colors  proper, 
le  ftindampntal  color  sensation.s  acconlinir  to  some  views  are  re<J, 
and  blue  or  violet;  aci-ordlnK  to  others,  they  are  red.  yellow, 
frreen,  and  blue.     (See  paragraph  on  Theories  of  Color  Vision.) 

Helmholtx  calls  attention  to  th«  fact  thai  th<*  naniee  usod  for  these  funda- 
j        mental  color  senHationfi  iiro  nhvioiisly  nf  ancient  origin,  t\\\w  indiratine  that 
y        Ibe  difference  in  tiuality  of  the  sensations  has  been  Iohr  recognized.     Red  is 
I       from  the  Sanskrit  rudiiiru,  bluud;    hlue  from  the  siLiue  root  aa  blow,  and  re- 
fers to  the  color  of  the  air;  prwn  from  the  same  ro<it  a.s  prow,  referring  to  the 
c«U»r  of  ve^tatioQ.     Yellow  seems  to  Lk?  derived  from  the  same  root  as  gold. 
which   typified  the  color.     The  other  less  distinct  qualities  have  names  oi 
recent  application,  such  aa  orange,  violet,  indigo  bhie,  etc. 

Complementary  Colors. — It  has  been  found  by  the  methods  of 
color  fusion  tlrnt  certain  pairs  of  colorx  when  combined  give  a  white 
(gray)  sensation.  It  may  be  said,* in  fact,  that  for  any  given  color 
there  exists  a  complement  such  that  the  fusion  of  the  two  in  suitable 
pn)j>ortion8  gives  white.  If  we  confine  ourselves  to  the  spectral 
colors  we  recognize  such  compleraentan.'  pairs  as  the  following: 

Red  and  greenish  blue. 

Orange  and  cyan  bhif. 

Yellow  and  indigo  blue. 

Clreenish  yellow  and  Niolet. 
The  coniplcmentar>'  color  for  green  i.s  the  extraspectTal  purple. 
Colors  that  are  closer  together  in  the  spectral  series  than  the 
oomplementarics  give  on  fusion  some  intermediate  color  which  is 
more  saturated — that  is,  IcssmLxed  with  white  s<:'ns.ai ion — the  nearer 
the  colors  arc  together.  Thus,  reti  ami  yellow,  when  fused,  give 
onmge.  Colors  farther  apart  than  the  distance  of  the  comple- 
mentaries  give  some  8ha<ie  of  purjile.  On  the  physical  side,  there- 
fore, we  can  produce  a  sensation  of  white  in  two  ways:  I%ither  by  the 
combined  action  of  all  the  visil)le  mys  of  the  spectrum  (stmlight) 
or  by  the  combined  action  of  pairs  of  colors  whose  wave  lengths  var^' 
by  a  certain  inter\al.  It  is  probable  that  in  the  retina  the  processes 
induced  by  these  two  methoiLs  are  C|ualitati\'ely  the  same,  the 
wave-lengths  represented  by  the  complementar\*  colors  setting  up 
by  their  combined  action  the  same  photochemical  processes  that 
normally  are  induced  by  the  sunlight. 

After-images. — As  the  name  implies,  this  tonn  refers  to  images 
that  remain  in  consciousness  after  the  objective  stimulus  has  coaaed 
to  act  upon  the  retina.  They  are  due  doubtless  to  the  fact  that  the 
changes  set  up  in  the  retina  by  the  visual  stimulus  continue,  with 
or  without  modification,  after  the  stimulus  is  withdrawn.  After- 
images are  of  two  kinds:  positive  and  negative.  In  the  positive 
after-images  the  visual  sensation  retains  its  normal  colore.  If  one 
kioks  at  an  incandescent  electric  light  for  a  few  seconds  and  then 
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closes  his  eyes  he  continues  to  see  the  luminous  object  for  a  con- 
siderable time  in  its  nonnal  colors.  Object-s  of  much  less  intensity 
of  illumination  give  positive  after-images,  specially  when  the 
eyes  have  been  kept  closed  for  some  time,  as,  for  instance,  upon 
waking  in  the  morning.  In  negative  aftx^r-unages  the  colors  are  all 
reversetl. — that  is,  they  take  on  the  complementar>'  qualities  (see 
Fig.  140).  White  becomes  black,  red  a  bluish  green,  and  vice  (vrw. 
Negative  after  images  arc  produced  ver>'  easily  by  fixing  the  eyes 
steadily  upon  a  given  object  for  an  interval  of  twenty  seconds  or 
more  and  then  closing  them.  In  the  case  of  colored  objects  the 
after-image  is  shown  better,  perhaps,  by  turning  the  eyes  upon  a 
white  surface  after  the  i>eriod  of  fixation  is  over.  After-images 
produced  in  this  way  often  appear  and  disapi)ear  a  number  of 
times  before  ceasing  entirely,  and,  although  the  color  at  first  is  the 
complementary'  of  that  of  the  object  looked  at.  it  may  change  before 
its  final  di-^tappearance.  Anyone  who  has  gazed  for  even  a  brief 
interval  at  the  setting  sun  will  remember  the  number  of  colored  and 
changing  after-image-s  seen  for  a  time  when  the  eye  is  turned  to 
another  portion  of  the  sky.  That  several  different  after-images 
are  seen  in  this  ctise  U  due  to  the  fact  that  the  eyes  are  not  kept 
fixed  under  the  dazzling  light  of  the  sun,  and  a  number  of  different 
images  arc  formed,  therefore,  upon  the  retina. 

After-images  may  be  used  in  a  ver>'  instructive  way  to  show  that 
our  estimates  of  the  size  of  a  retinal  image  var>*  with  the  distance  to 
which  we  project  it,— that  is,  with  the  distance  at  which  we  suppose 
we  see  it.  Once  the  image  is,  so  to  speak,  branded  on  the  retina, 
its  actual  size,  of  course,  does  not  var>\  but  our  judgment  of  its  size 
may  be  made  to  vary  rapidly  by  projecting  the  image  ujwn  screens  at 
different  distances.  If,  for  instance,  in  obtaining  the  after-image 
of  the  strips  shown  in  Fig.  140  one  moves  the  white  paper  used 
to  catch  the  image  toward  and  away  from  the  eye,  the  apjjarent  size 
varies  proportionally  to  its  distance. 

Color  Contrasts. — By  color  contrast  is  meant  the  influence 
that  one  color  field  has  upon  a  contiguous  one.  If,  for  lastanoe.a 
piece  of  blue  paj>er  in  laid  uixin  a  larger  yellow  square,  the  color 
of  each  of  them  is  heiglUeiied  by  contrast.  A  piece  of  blue 
pajXT  on  a  blue  background  dtws  not  ap|M?ar  so  salumtwl  as  when 
placed  against  a  yellow  background.  The  influences  of  contrast 
may  Ije  shown  in  a  great  variety  of  ways.*  For  instance,  if  a  disc 
like  that  in  the  illustration,  Fig.  142-4.  ,  is  rotated  rapidly,  it  should 
give  circles  of  gray,  the  darkest  at  the  middle;  but  each  circle  sliould 
b<f  uniform  as  it  Ls  made  by  the  fusion  of  a  definite  amount  of  wliite 
and  black.  On  the  contrary, the  apjMniraiice  obtained  is  that  repre 
scntcd  in  Fig.  142B.       Each  circle  appears  darker  on  its  outer  edge 

•Rood.  "  Modern  Chromatics,"  "  International  Scientific  Series.*' 
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where  It  bortlers  on  u  lighter  firole,  jirid  ligliter  on  it.s  inner  edge  where 
it  borders  on  a  darker  rirclo.  Similar  rnntnust')  niay  Ijoobtaincd  from 
compjifing  shadows  cast  by  yellow  and  white  light.  If  a  rod  l>e 
ged  in  a  dark  room  so  as  to  cast  a  shadow  from  an  o[>ening 
•dmiltin^  d.-iylipht  and  one  also  from  a  lip;hted  eandle, either  shadow 
taken  scfjaraiely  appeals  blaek,but  if  the  two  are  cast  side  by  side 
one  will  appear  blue,  the  other  yellow.  The  shadow  ca,st  by  the 
daylight.  Inking  illimunatod  by  the  yellow  candle-light,  will  appear 
yellow,  and  the  other  shadow,  that  from  the  candle-light,  will  by 
contrast  secin  quite  blue.  A  striking  instance  of  the  efTecL  of  con- 
trast is  given,  also,  by  the  simple  exi>erinient  of  Mayer,  illustrated 
in  Fig.  141.  The  gray  square  on  the  grt^en  background  suffers  no 
apparent  change  from  contra,st,  but  if  the  figure*  is  covered  by  a 
iihect  of  white  tissue  papt^r  the  gray  square  at  once  takes  on  a  re<l- 
diah  hue.  It  is  evident  that  in  all  artistic  and  ornamental  employ- 
ment of  colors  this  inliuence  must  be  conadered,  and  empirical 
rulea  are  established  which  indicate  for  the  normal  eye  the  bene- 
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ficial  or  the  killing  effect  of  different  colors  when  brought  into 
juxtaposition. 

Color  Blindness. — The  fact  that  some  eyes  do  not  po&^ess 
normal  color  vision  does  not  seem  to  have  attracted  the  attention 
of  scientific  observers  until  it  was  studied  with  some  care  b}'  Dalton, 
th©  distinguished  English  chemist,  at  the  end  of  the  eighteenth 
oentur>'.  Dalton  himself  suffered  from  color  blindness,  and  the 
particular  variety  Exhibited  by  him  was  for  some  time  de.scribed 
ajB  Daltomsm,  but  is  now  usually  designated  as  red  blindness.  The 
sabjcct  was  given  practical  importance  by  later  obse^^T^s,  espe- 
cially by  the  Swedish  physiologist  Holmgren  *  who  emphasized  its 
relations  to  possible  accidents  by  rail  or  at  sea  in  connection  with 


*  Holmfrrcn,  "Color  BlindnMR  in  its  ReJfttions  to  Accidents  hv  Rail  and 
Sea,"  "Smithsonian  Institutiuii  R«port«/'  Washingt<»n,  1S78.  Sec  also  Jeffries, 
**  Color  BUndneas,  its  DanRers  and  its  Detection,"  Boston. 


334 


I8£B. 


coIoichI  signals.  It  Is  now  ihc  pnu'tit'c  in  all  civilized  (•(niiitrips  to 
requin;  tiists  for  color  blinUnuss  in  tho  rasp  of  those  who  in  railways 
or  upon  vessels  may  be  rtisprnisihlc  for  the  intcqjretation  of  signals. 
The  numerous  statistics  tliat  have  heen  gathered  show  that  the 
defect  is  fairly  prevalent,  especially  anifmg  men.  It  is  said  that 
on  the  average  from  2  to  4  per  cent,  are  color  blind  among  males, 
while  among  women  the  proporti<m  in  much  smaller, — 0.01  to  1  per 
cent.  Among  the  poorly  educated  classes  the  defect  is  said  to  be 
more  common  than  among  educated  persons,  Color  blindness 
may  exist  in  different  degrees  of  completeness,  from  a  total  loss  to 
a  simple  imperfection  or  feebleness  of  the  color  sense,  and  it  is 
usually  congenital.  Those  who  are  completely  color  blind  as  re- 
gards some  or  all  of  the  fundamental  colors  fall  into  two  groups: 
the  dichromatic,  whose  color  vision  may  be  n'pn^sented  by  two 
fundament-al  cold's  and  their  combinations  with  white  or  black, 
and  the  monochromatic  or  totally  color  blind,  who  sec  only  the 
whitc-gray-black  series. 

Dichrornadc  Vision. — ^The  color-blind  who  belong  to  this  class 
fall  into  two  or  three  groups,  which  have  been  designated,  under 
the  inllueuce  of  the  Young- Helmiioltz  theory  of  color  vision,  the 
red-blind,  the  green-blind,  and  the  violet-blind.  As  the  terms 
red-blind  and  green-blind  imply  a  more  specific  condition  of 
vision  than  is  found  to  Ik?  the  case  on  careful  examinution.  von 
Kries  has  suggested  as  a  sul^stitute  the  names  protano]:jiii  and 
deuteranopia,  as  indicating  a  defect  in  a  first  or  second  constit- 
uent necessary  for  color  vision.  According  to  the  same  nomen- 
clature so-culled  violet-blindnejss  would  be  designate<l  as  tritanopia. 
The  most  common  Ly  far  of  these  groups  is  that  of  so-called  red- 
b  lindnesa  (p  iotauo}>ia) ;  it  const  it  u  t  es  t  he  usua  1  f  oim  of  color 
blindness.  As  a  matter  of  fact,  persoas  &C)  iiffected  are  in  reality 
red-grcHsn  blind.  In  what  may  be  called  the  most  typical  cases 
they  distinguish  in  the  spectrunj  only  yellow.^  iind  blues.  The 
red,  orange,  yellow,  and  green  ajjpear  as  yellow  (jf  different  shades. 
the  green-blue  as  gray,  and  the  blue-violet  and  pur|:ile  as  blue. 
The  red  end  of  the  spectnmi  is  distinctly  shortened,  especially 
if  the  illumination  is  poor,  and  the  maximum  hmiinosity.  instead 
of  being  in  the  yellow,  as  in  normal  eyes,  is  in  the  gi-een.  When 
the  spectmm  is  examined  by  such  persons  a  neutral  gray  band  is 
seen  at  the  junction  of  the  blue  and  green.  In  some  cases,  how- 
ever, this  neutral  banfl  is  not  seen,  the  yellow  passing  with  but 
little  change  into  the  blue.  As  a  matter  of  fact,  in  red-bhndness 
the  most  cluiracteristic  defect  is  a  failure  to  see  or  to  appreciate 
the  green.  This  color  is  confu.sed  with  the  grays  and  with  dull 
shades  of  red.  When  such  persons  are  examined  for  their  negative 
after-images  for  different  colors,  it  will  be  noted  that  they  de- 
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scribe  some  of  their  after-imapjes  as  re<i,  the  after-image  of  indipo- 
blue,  for  example,  but  that  they  descril>e  none  as  green.  The 
after-image  of  purple,  for  instance,  which  to  the  normal  eye  is 
bright  green,  is  described  by  them  as  gray  blue  or  pale  blue. 
From  the  descriptions  given  it  is  probable  that  the  color  vision 
of  the  so-called  red-blind  is  not  l)y  any  means  the  same  in  all  cases, 
but  exliibits  many  individual  differences.  The  green-blind  are 
also,  according  to  recent  descriptions,  red-green  blind;  they  also 
confuse  reds  and  greetLS  and  in  the  spectnim  are  conscious  of  only 
two  color  qualities,  namely,  yellow  and  blue.  They  differ  from 
the  red-blind  in  that  the  red  end  of  the  spectrum  is  not  sfiortened, 
and  the  maximum  luminosity,  as  with  the  normal  eye,  Ls  placed 
in  the  yellow.  In  the  matching  and  combination  of  colors  they 
show  distinct  differences  from  the  red-blind,  so  that  though  re- 
sembling the  latter  in  general  features,  they  differ  obviously  in 
some  details.  Violet  blindness  (tritanopia)  seems  to  be  so  rare 
as  a  congenital  and  permanent  condition  that  no  very  exact  study 
of  it  has  been  made.  In  cases  of  acquired  tritanopia  resulting 
from  pathological  changes  it  is  reported  that  the  violet  end  of 
the  spectrum  is  colorless  (neutral)  and  that  a  neutral  band  appears 
also  in  the  yellow-green  region  of  the  spectnmi.*  By  the  ingestion 
of  santonin  it  is  said  that  a  condition  of  this  kind  may  be  produced 
temporarily.  The  violet  end  of  the  spectrum  is  shortened  and 
white  objects  take  on  a  yellowisii  hue.  The  conditions  produced 
y  santonin  are  evidently  more  complex  than  can  be  explained 

simply  assuming  that  the  violet  color  sense  is  lost.  Recent 
bbservers  f  state  that  the  drug  produces  a  condition  of  yellow 
vision,  outside  the  fovea,  in  the  daylight,  and  a  condition  of 
violet  vision  with  yellow-blindness,  but  no  red- or  green-blindness. 
in  dim  lights. 

Teats  for  Color  Blindneas. — Although  the  vision  of  the  red  and 
the  green  blind  is  deficient  as  regards  green  and  red  colors,  it  will 
be  found  in  many  cases  that  they  recognize  these  colors  and  name 
them  correctly,  having  adopted  the  usual  nomenclature  and  adapted 
it  to  their  own  standards.  In  order  to  detect  the  deficiency  they 
must  be  examined  by  some  test  which  will  compel  them  to  match 
•certain  colors.  Under  these  circumstances  it  will  be  foimd  that 
along  with  correct  matches  they  will  make  others  which  to  the  nor- 
mal eye  arc  entirely  erroneous.  A  great  number  of  methods  have 
been  proposed  and  used  to  detect  color  blindness.  The  simplest 
perhaps  is  that  of  Holmgren.J     A  number  of  skeins  of  wool  are  used 

•CoUin^f  and  Xagel,  "  Zeitschrift  f.  Psychol,  u.  Physiol,  d.  Sinnesorgnno," 
190(5,  xli..  74. 

fSiv^n  and  Wenlt,  " Skandinaviachea  Archiv  f.  Phy.'^iologie."  H.  1%, 
1903,  an  1  IDU5,  17,305. 

I  For  detftiU  see  the  worku  of  Holmgren  and  of  Jeffnes,  already  quoted. 
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and  three  test  colors  are  chosen,— namely,  (1)  a  pale  pui-e  procn 
skein,  which  mut=t  not  incline  toward  yellow  green;  (II)  a  medium 
purple  (magenta)  skein;  and  (III)  a  vivid  red  skein.  The  person 
under  investigation  is  given  skein  I  and  is  asked  to  select  from  the 
pile  of  assorted  colored  skeins  those  that  have  a  similar  color  value. 
He  is  not  to  make  an  exact  match,  but  to  select  those  tliat  appc^ar 
to  liave  the  same  color.  Those  who  are  red  or  green  blind  will  see 
the  test  skein  as  a  gray  with  some  yellow  or  blue  shade  and  will 
select,  therefore,  not  onh'  the  green  skeins,  but  the  grays  or  grayish 
yellow  and  blue  skeins.  To  ascertain  whether  the  individual  is  red 
or  green  blind  tests  II  and  III  may  then  be  employed. 

With  test  1 1 ,  medium  purple,  the  red  blind  wlU  select,  in  addition 
to  other  purples,  only  bhies  or  violets;  the  green  blind  will  select  as 
"confusion  colors"  only  greens  and  grays. 

With  test  III,  red,  the  red  bliniL  will  select  as  confusion  colors 
greens,  grays,  or  browns  less  luminous  than  the  test  color,  whiJe  the 
green  blind  will  select  greens,  grays,  or  browns  of  a  greater  brightness 
tlian  the  test. 

Monochromatic  Visum. — A  numljer  of  cases  of  total  color 
blindness  have  been  cai-cfuUy  examined.*  It  would  seem  that  in 
such  individuals  there  is  an  entire  loss  of  color  Hcnse,^they  pt>ssess 
only  achromatic  vision.  The  external  world  appears  to  them  only 
in  shades  of  gray.  In  the  majority  of  these  cases  (f)  there 
is  a  region  of  blindness  in  the  fovea  (central  scotoma),  and  an 
unusual  sensitiveness  to  light  and  nystagmus  (rolling  movement  of 
the  eyeballs)  are  also  characteristic.  Since  the  peripheral  field  of 
vision  is  nearly  nonnal  its  regards  sensitiveness  to  light,  while  the 
central  field  is  frequently  bUnd  or  amldyopic,  it  has  been  assiimea 
that  this  condition  is  one  of  loss  of  fuiu-tion  in  the  cones. 

Distribution  of  the  Color  Sense  in  the  Retina.— What  has 
been  said  above  in  regard  to  color  hlintiness  refen*  especially  to  the 
central  field  of  vision.  When  we  examine  the  peripheral  field  in 
the  nonnal  eye  it  is  foun<l  that  on  the  extreme  |x^riphery  the  retina 
is  totally  color  blind,  jx^rceiving  only  light  ami  <larknoKs, — that  is, 
the  shades  of  gray.  As  we  pass  in  toward  the  center  the  color 
sense  develops  gradually,  the  blue  colors  being  perceived  first  and 
the  greens  last, — that  Ls,  nearest  to  the  center, — so  that  in  a  cer- 
tain zone  the  normal  eye  is  red-green  blind.  The  distribution  of 
the  color  sense  may  be  studied  conveniently  by  means  of  the  pe- 
rimeter (see  p.  321).  It  will  Ik*  found  to  var>'  with  each  individual, 
so  much  so  that  it  is  possible  tliat  a  test  of  this  character  might  be 
ased  for  the  identification  of  individuals.  Exceptionally  it  is  found 
that  the  entire  retina  possesses  a  nearly  nonnal  color  sense.  Usu- 
♦Grunert,  "Archiv  fUr  Ophthalmologie,"  60.  132,  1903. 
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ally,  for  the  colors  red,  green,  and  lilue,  the  ))]\w.  ha.s  the  most  exten- 
sive field  and  the  green  the  least,  as  is  indicated  iii  the  perimeter 
chart  given  in  Fig.  143.  If  the  green  chijaen  is  blue  green  (490 /i/i) — 
that  is,  the  compIemenTar>*  of  the  red — it  is  stated  that  their  fields 
are  co-extensive.*  From  this  standpoint  the  retina  presents  three 
concentric  zones:  an  extreme  peripheral  zone  devoid  of  color 
vision,  an  intermediate  zone  in  whith  yoHow  and  bhie  are  perceived, 
and  a  central  zone  sensitive  to  red  and  green.    The  outlines  of 
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FIk-  143. — Perimeter  chart  indicating  the  average  (loltbi  of  vUion  far  blue.  red.  and 
green  rompar^I  with  white  (eniy).  Ilight  eye:  'lite  outUnm  rif  the  nnlnr  fields  aie  lepre- 
Mnle<l  (u  ftmooth  since  the  churt  U  an  average  rmiii  mauy  ilotenniiuitionB.  A5  a  matter  ni 
faet.  in  etich  in<lividii:U  the  ouiliuc  L<  tURhly  irregular.  NonnallycrMD  (bright  greeu)  is  the 
emallettt  fieUl,  gre*^'  objects  uuuide  tlie  liniit  ap{>earixig  ^'ellow  and  farther  out  colorlest 
(«ray). 

the  different  fields  usxially  show  many  irregularitie8.  anrl  in  some 
cases  it  will  be  found  that  bright  green  Ls  perceivetl  over  a  larger  area 
than  the  red.  The  fields  are  not  identical  in  the  two  eyes,  and  in 
*iach  eye  it  is,  as  a  rule,  more  extensive  uf)on  the  nasal  tliun 
upon  the  temiwral  side  of  the  retina.  In  the  red-green  blind  the 
[peripheral  fields  of  color  vision,  jmlged  by  the  individual's  own 
standanis,  may  be  markedly  constricted  as  compare*!  with  the  nor- 
mal retina  (see  Fig.  144). 

Functions  of  the  Rods  and  Cones. — Many  facts  unite  in  mak- 
ing it  probable  that  the  rods  and  cones  are  tiiffei*ent  in  function. 

•  Baiai,  "The  i'olor  Sensitivity  of  the  reriplteral  Retina,"  Cai-negie  Pul>- 
licfltion.  No.  29,  1905. 
23 
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They  differ  in  fitni*'lurp  and  PKj)eriiilly  in  their  connootions.  As  is 
&hown  in  the  dia^runi  ixiven  in  Fi;:;.  1-15.  the  **onf-s  tomiiiuite  in  the 
external  nuclear  layer  in  arhorizat  ions  whirh  connect  with  the 
bipolar  ganglion  cclLs,  and  in  the  fovea  at  least  this  eonneetion  is  such 
that  each  cone  connects  with  a  single  nerve  cell  and  eventually  jx»r- 
haps  with  a  single  optic  nen'e  fiber.  The  rods,  on  the  contrar>*, 
end  in  a  single  knolnlike  swelling,  and  a  m]in]>or  of  them  make  con- 
nections with  the  same  nerve  cell.     Histo](»girally,  therefore,  the 


Ftft.  144.— Pcrimelrr  rhart  shouiriK  tt«  hiitlily  rttfitricted  oolor  (ielda  In  th«  Itft  •!• 

of  u  typical  co^w  uf  ««u-culltHl  n>d-)n^reu  ctilur  hliutlneMA.  The  sbilily  tu  tiintiuciOIB  nattM 
gromi,  by  what«ver  clinraitehfttic?.  of  intennily  or  colnr  thoy  poiwcse«(l  exUttxled  for  k  Very 
ahort  dutanee  ouuide  (he  fovea.  It  if*  uitereotinic  that  the  ability  to  tlistioKuish  blu«  was 
fai  tt^  oaae  Umiled  a^  coinpareit  with  a  normal  eye. 


conduction  paths  for  the  cones  seem  to  be  more  direct  than  in 
the  case  of  the  n)ds.  These  latter  elements,  moreover,  jx^ssess  the 
visual  purjile,  which  is  lucking  in  the  cones.  I-aslly,  in  the  eye  of 
the  totally  vuUtr  htinil,  in  the  dark-adapted  eye  in  dim  lights,  in  the 
cotor-bliiid  peripheral  area  of  the  normal  eye,  and  in  the  eyes  of 
most  distinctly  night-setung  anunals,  such  as  the  mole  and  the  owl, 
vision  seems  tc*  be  efTiH.*led  solol>-  by  the  rods.  Tiiese  fact.s  find 
their  simplest  ex|)lanation  |K'rlm|>s  in  the  view  advocated  hy  Pari- 
naud,  Franklin,  von  Krics,*  and  others,  according  to  which  the  \ 
perception  of  color  is  a  function  of  the  cones  alone,  while  the  roda 
•  Von  Kries,  "  Zeilsclirift  f.  Psycliologiu  ii.  Pliysiol.  d.  Sinrn'sorgano."  5», 
81,  1895. 


Ltive  only  to  light  and  darkness,  and  by  virtue  of  their  power 
tptation  in  the  liark  tlirougli  ilie  regeneration  of  their  visual 
purple  they  form  also  the  E;i>eeial  apparatus  for  vision  in  dim 
lights  (night  vision).     Color  blindness,  therefore,  whether  total  or 

rlial,  uiay  be  regarded  as  an  affection  or  laek  of  normal  develop- 
it  of  the  cones.  On  the  other  hand,  those  interesting  cases  in 
J'lil l-ilil llJ 


I 


•r  the  human  ntinA  (Grttff):   /.  Figmeat  Ujwrt 
>r  layer:   IV,  exterual  uleKtfom)  Uyer;    I',  Uyer 


Flit    U5— Schema  Af  I  r. 
I/,  nni  %Dd  cooe  Uyrr;   ///. 

ol  bitntaotttl  rdU;    I'/.  U^-pr  >  .  11^  (inner  nuctemr}-    I'//.   Ia>-rr  of  smftrriniU  celU 

(without  axoo«):  I'///,  inner  i>(r\iiMnii  layer;  /A',  pnghrm  sbU  ui>'er:  X,  nerve  fiber 
hf^:  0,  fthw  oi  Muller. 

which  the  \ision,  while  go<«l  in  daylight,  is  faulty  or  lacking  in  dini 
lights  (nigiit  hlindnesis,  henieralopia)  may  lx»  referred  to  a  defective 
functional  activity  of  the  rods,  proliably  from  lack  of  fonnation  of 


purple. 


I 
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They  tliffer  in  stnirture  an<l  esi)erially  in  their  connections. 
shown  in  tlie  (lia;Lrr;ini  'xivon  in  Fitr.  145.  the  cones  terminate  in 
external  nuclear  layer  in  ftrhorizations  which  connect  with  the 
bipolar  ganglion  cells,  and  in  the  fovea  at  least  this  connection  is  such 
that  each  cone  connects  with  a  single  nerve  cell  and  eventually  per- 
haps with  a  8lnp;]c  optic  nerve  fiber.  The  rods,  on  the  contran*, 
end  in  a  single  knob-like  swelling,  and  a  number  of  them  make  con- 
nections with  the  same  nerve  cell.     Histologically,  therefore,  the 


'''     ^      ''      - 


^ 


Fig.   144. — Perinietor  cliart   »<h<jwin(i:  tlir  hinMy  rtwtriclw!  r<iIor  fwlf! 
of  B  lypicai  cont^  of  Mi-riiilml  rpij-gr^eii  culor  hlimliie«s.      'I  he  ahilit.v  (o  li. 
green,  by  whatever  clmract*ri>lic-'  of  iut«n«iiy  or  color  ibey  poac«"y«»i  cv 
soort  distaiKie  out«iile  the  fuvea.      It  Ia  iittereotiuK  thmt  ibe  ability  Ui  tlisltiiKuu>u  uiue  tiu 
■a  thin  own  limitMl  a^  ctinipiirvd  with  a  namtaj  eye. 


conduction  paths  for  the   cones  seem  to  be  more  direct 

the  case  of  the  rods.  These  latter  elements,  moreover,  poj 

visual  purple,  which  is  lacking  in  the  cones.     La 

the  totally  color  blind,  in  the  dark -adapted  eye  in 

collar-blind  perii>hcraJ  area  of  the  normal  e> 

most  distinctly  night-seeing  animals,  such  a.s  :.... 

\ifiion  seems  to  be  effected  solely  by  tbe  rods. 

their  simplest  explanation  perhaps  ij 

naiul,  Franklin,  von  Kries,*  and 

perception  of  color  is  a  fxinction 

*  Von  Krics,  "  ZeitscUrifl  f.  P 
81,  1805. 
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Theories  of  Color  Vision. — A  number  of  theories  Iiavt-  beS 
proposed  to  explain  the  facts  of  color  wion.  None  of  them  has 
been  entirely  pucce.s.«sful  in  the  sense  that  lh(;  explanations  it  affords 
liave  l>een  submitted  to  satisfactory  experimental  verification.  The 
immediate  stimuli  that  give  rise  to  the  visual  impulses  are  assumed 
to  be  of  a  chemical  nature,  and  it  seems  pmbable  that  in  this 
case  as  in  that  of  many  other  problems  of  phytiiolog;>-,  we  must 
await  the  development  of  a  more  complete  knowledge  of  the 
chemical  processes  involved.  The  theories  proposed  at  present, 
while  all  tested  by  experimental  inquiries,  arc  in  a  large  measure 
hypothcso.'^  constructed  to  fit  more  or  less  completely  I  he  facts  that 
are  known.  Three  of  these  theories  may  be  described  briefl}'  as 
examples  of  the  modes  of  reasoning  employed; 

/.  The  Yoariff-HdmholU  Theory. — This  theor>%  proposed  essen- 
tially by  l^honias  Young  (1807)  and  aften^'ard  modified  and  ex- 
])anded  by  Tlelinholtz*  rests  upon  the  assxmiption  that  there  are 
thR>e  fundamental  color  sensations.^nHl,  green,  and\iolet — and 
corrt^sfxiniUiig  with  these  there  are  three  photochemical  substances 
in  the  retina,  hy  the  decomposition  of  each  of  these  substances  cor- 
resfxynding  nerve  fibers  are  .stimulated  and  impulses  are  conducted 
iL»  a  sp<icial  s\'Htcm  of  nerve  cells  in  the  visual  center  of  the  cerebrum. 
The  theory,  therefore,  assumes  six-cial  nerve  fibers  and  ner\*e  centers 
corresponding  rctj^ectively  to  the  red,  green,  and  violet  photo- 
chemical substances,  and  the  jjecufiar  quaUly  of  the  resulting  sensa- 
tions are  referred,  in  the  original  theorj',  to  the  different  reactions 
in  coasciousness  in  the  three  corresponding  centers  in  the  brain. 
When  lhe.se  three  substances  are  equally  excited  a  sensation  of 
white  results,  of  greater  or  le.«a  intensity  acconling  to  the  extent  of 
the  excitation.  White,  therefore,  on  this  theor\',  is  a  compound 
sensation  pn)dueed  by  the  cojubinaliou  or  fusion  in  consciousness 
of  the  three  etiual  fundamental  color  sensations.  The  sensation  of 
black,  on  the  other  hand,  results  from  the  absence  of  stimulation, 
from  the  crnidilion  of  rest  in  the  retina  and  in  the  corresponding 
nerve  fibers  and  nerve  centers.  All  other  color  sensations — yellow. 
for  instance — are  comiwuud  sen.satitfns  produced  by  the  combined 
stimulationof  the  three  photochemical  substances  indifferent  propor- 
tions. It  isassimied,  furthermore,  that  each  of  the  photochemical 
substances  is  acted  uixin  more  or  less  by  all  of  the  visible  rays  of  the 
spectnim,  but  that  the  rays  of  long  wave  lengths  at  the  red  end 
of  the  .six^clnim  affect  chieily  the  red  substance,  those  corresponding 
to  the  green  of  the  spectrum  chiefly  the  green  substance,  and  the 
rays  of  shortest  wave  length  chiefly  the  violet  substance.  Thasc  rela- 
tioaships  are  expressed  in  \\\v  diagram  given  in  Fig.  146.  The  figure 
also  indicates  that  it  is  impossible  to  stimulate  any  one  of  these  suh- 

•  Helmlioita»   "  llandbucb   der   physiologiachea  Optik,"  wcond  edition 
1896.  I,  344. 
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entirely  alone,— that  is,  we  cannot  obtain  a  perfectly  8atu- 
slor  sensation.  Even  the  extreme  red  or  the  extreme  violet 
rays  act  more  or  less  on  all  of  the  siibHtanees,  and  the  resulting  red 
or  \iolet  sensation,  is,  therefore,  mixed  to  sonie  extent  with  white. — 
that  ii?.  is  not  entirely  saturated.  The  theory,  as  stated  by  Holm- 
holtx, held  strictly  to  the  doctrine  of  specific  nerve  energ>', in  assuming 
that  each  photochemical  substance  serves  tsiiiiply  us  a  means  for  the 
excitation  of  a  ner\-e  filler,  and  that  tht*  (juulity  of  the  sensation 
arouaeddeijends  on  the  ending  of  this  fil:>er  in  the  brain.  The  phe- 
noroenon  of  negative  after-images  finfls  a  simple  oxphuiation  in  terms 
of  this  theory.  If  we  look  fixedly  at  a  gnn^n  object,  for  example, 
the  corresponding  photochemical  substance  is  chieflyactediipon.and 
if  subsequently  the  same  part  of  tiie  retina  is  exposed  to  white  light, 
the  red  and  violet  substances,  having  been  previously  less  acted 
upon,  now  respond  in  greater  proportions  to  the  white  light,  and 


140.— ^ii«at«  to  Ulustnit«  thv  Vnunit-Krlmhcilu  thpciry  of  ciiJor  vi4tin. — {Htim^ 

Tlw  isnecinJ  colors  are  nrniniRH]  in  Iheir  riatunO  tmW, — red  to  violet.     The  curw* 

•\  n(  sUtntilaiiuo  of  ihn  tlin*o  ctilor  ■«ub6tanrc>i:    I.  T^ie  rtkl  perctfivinK 

'■n  jMroMrinR;     ;i,    tha   \'U»lot    iJcn-vis-itiR.       VorlicaU  drawu   mI    uny 

Ktt!      .  .       -.      ,1  indkata  the  rplntivr  unoiint  of  ntitntilatioti  uf    tho  thnw  inibf^lanom 

Ui*i  *&v«  Uiitttih  of  the  plectrum. 

the  after-image  takes  a  red-violet — that  is,  pur|)le-  color.  Many 
objectioa*^  have  been  raised  to  tiie  Young-Helmholti!  theor>*.  It 
has  >>een  urged,  for  instance,  that  we  are  not  conscious  that  white 
or  yellow  sensations  are  blends  or  compounded  color  .«<»nsations; 
we  jHrrceive  in  them  none  of  the  supposed  component  elements  as 
we  do  in  such  undoubted  mixtures  as  the  blue-green*  or  the  puqjles. 
The  lhcor>*  explains  poorly  or  not  at  all  the  fact  lliatonthe  perij)her>' 
of  the  retina  we  an?  color  blind  and  yet  can  perceive  white  or  gray, 
and  it  breaks  down  aL»*o  in  the  face  of  the  facts  of  partial  and  com- 
plete color  blindness.  The  explanation  jciven  for  black  is  also 
uiu«tlsfactor\'  in  that  it  assumes  an  active  slate  of  consciousness 

_   associated  with  a  condition  of  rest  in  the  visual  mechanism. 

■        //.  Hrring*s  Tfworif  oj  Color  Vision, — This  theorv  also  assiimee 
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of  such  a  nature  a>f  to  give  us  six  difiercBt  qittfiun  of 


Then? 


whit^ii 


sutiKtance  which  wbea  arftBd  npot 

vihif)le  ravH  of  light  tindcfgocs  disafigamilatinn  and  Btts  v 
impulfjCM  that  arouse  in  the  brain  the  xDmtkm  of  viiite.  On  the 
other  hand ,  when  not  acted  upon  by  light  this  flune  sobetAnre  under^ 
goei9  AMBiniilator\'  proeesHCH  that  in  turn  ft^x  up  nen-e  impufaee  vl 
in  the  braingiveuH  a  sensation  of  black.  There  tue  in  the  R^dm 
a  H'd-Kreen  and  a  yellow-bluc  mibstance.  The  former  vbra  aned 
upon  by  the  lonf^r  ravH  undergoes  disasstmllation  and  prea  a 
Hemtation  of  red,  while  the  shorter  graves  cauise  aflBunilation  and 
producer  a  HenHation  of  green.  A  .similar  assumption  is  made  for 
the  yellow-blue  siibHtance.  The  essence  of  the  theory  may  be  stAtedi 
tlicrcforc,  in  tabular  form,  as  follows*: 


rrve 

I  tbe^ 
tder^^l 
hichM 


PifoTociiEuiCAK,  BvumTAMcm. 


RmxAL  P»< 
DisasaimiUtion 


^"^■'"^" •{Agnation 


•.r  11  .„ii,,  I  DisaaKimilation 

^'^"'^"'-*''^'' iA«imiktion 

f  Di^asflinulation 
I  Aanroilation 


Whitn-Liliick, 


Srv*Ano4f. 

-  red 

—  irreen 
«=  vellow 

—  blue 
»=  whiK? 

-  black 


It  will  be  olM*erved  that  the  theory  gives  an  independent 
jet'tivc  cauHe  for  llie  wensations  of  while,  black,  and  yellow,  and  in 
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V\m.    147,— 6ob«m«  lo  Uluatrml«  lb«  Hftiinc  theory  of  eolor  viMttn.—iFtMUr.)    The 

r'      r        M.  .,t«  the  nuAliv*  intenidtiDi  of  ■txmiiUtioi]  of  the  three  color  aabfltaiices  by  dif- 

I'  -ir  llir  aiicM'trum.     Onlinnles  Above  the  axin.  A'-A',  indie&te  eat«boIic  chAnirM 

iii>rO.  (hinNp  Imtow  anabolie  ehances  (aMmuatinn).      Curve  a  iTnrer«>nt»  the 

t'< I >'<  lilt  thfl  l>Urli-whup  oubtftance.     It  ui  stiomlated  by  all  the  rayi  of  the  vuabte 

viMvtriiin  wHit  timxiiiiiim  titiviiftiiy  in  thr  yplhivr.  Curve  c  repreaents  the  red-sreen  •ob* 
M»nor>,  tlu*  lonxpr  wave  Iciigtha  cikUiiiiK  thxawitmilntinn  (red),  the  eborter  onea  aab&ilatioa 
(creen).     Curve  b  civea  the  cuadiUone  for  the  ycllow-bttie  mibMaoce. 

thjj*  respect  Batirtfie-a  the  objections  made  on  this  score  to  the  Youtig- 

llolrnholtss  thciuy.      It  fits  l>etter,  also,  the  facts  of  partial  and  total 

c<»lt)r  bliiuhu'sj*.     In  ilie  latter  condition  one  may  assume,  in  term^of 

•  Kor  dirtcuauun  of  t-olar  ilioories  see  CaUdns,  "Arcliiv  f.  Phyaialogie,'' 
1902,  HUppl.  vultunc,  p.  241. 
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this  theon-,  that  only  the  white-black  substance  is  present,  while 
red  And  green  blinclnes« — both  of  them,  it  will  Ijc  recalled,  really 
fonnfl  of  red-green  blindnesK — are  explained  on  the  view  that  Iniiuch 
pereons  the  red-green  hoilwtance  is  deficient  or  lacking.  On  this 
iheon',  coinplementar\*  colors — red  and  bhie-groen,  yellow  and 
blue — are,  in  reality,  antagi^nistic  colors.  When  thrown  on  the 
retina  simultjineously  iheii* 
effects  neutralize  each  other, 
and  there  remains  over  only 
Ibe  di.sjis.sinulaloiy  effect  on 
the  white  sulistunce  which  is 
exerted  by  all  the  visible 
tftys.  The  effect  of  the  vari- 
ous visible  rays  of  the  spec- 
trum on  the  three  photo- 
cheniicul  substances  b  illus- 
trated by  the  chart  given  in 
Fig-    147.    Ordinates    alwve 

al>scis8a  repi^esenting  dis- 
ABBimilatory  effects;  tho:>e 
beiow,  assimilatory. 

///.  The  Franklin  Theonj 
cj  Color  Viition  (MftlecuJar 
IHwocialion  Thortf). — This 
theor>',  proposed  by  Mi^.  (\ 
L.  Frankhn,*  takes  into  ac- 
count the  fact  of  a  grad\ial 
evolution  of  the  color  sense 
of  the  retina  from  a  primitive 
condition  of  colorless  vision 
such  as  still  exisli$  in  the 
periphery'  of  the  retina  and 
in  the   eyes   of   the   totally 

L color  blind.  It  assumes  that 
the  colorless  sensat  ions— 
white,  ^ray,  bkck — are  occa- 
sioned by  the  reactions  nf  a 
photochemical  material 
which  for  convenience  may 
ltS6ttiMe.  This  suhstani-e  in  the  normal  eye  exists  in  both  rotla 
and  cones;  in  the  latter,  however,  in  a  differentiated  condition 
capable  of  giving  color  sensations.  WTien  the  molecules  of  this 
substance  are  compk^tely  dissociated  by  the  action  of  light,  gray 

*  Franklin.  "ZeitKchrifl  f.  P)t\'rholo(rie  iiml  Phyn.  d.  Sinnesorgsnc."  1«»2. 
iv;  al«o  "  Miml."  2.  47a.  18<»3.  iintl  '•  Psycludugicnl  Review."  18tM,  l«90.  IWMI. 
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Flic.  MH.—Sebamji  to  Qltutrat«  the  Frank. 

lin  ih««»ry  of  color  vWoo  (FninJtlin):  W,  Thm 
molecuI«  of  the  primiUve  vuuaI  (cray-ftercciv- 
iiu)  aubertwice;  y  &nd  0.  th«  first  stap  in  the 
(linerenliaUoa  into  a  yellow-  and  a  b1uc-f»er- 
ceivinc  subatancv,  whrMe  cnmbiDod  dinociatian 
v«a  tna  tmmc  effect  oa  that  oE  Uw  cuifUial  mlH 
W:  O  and  R,  the  aeeond  MAp  in  Uw 
diffBrsutiatUm  of  tbe  yeUow-tJ«ro«ruu|  sub- 
i4«noe.  iim  oocnbiMHl  cuaaoetatioo  of  toe  two 
ipvinx  tbe  aame  effect  aa  that  of  the  jrellow^pei^ 
oeivinc  oubalanoe  alone.  _  The  complete  devel- 
npmeiit  of  color  rlMtm  bh  it  exut*  in  the  central 
\mrt  of  the  retina  cumtUu  in  lh«  t>Kt«t«noe  of 
tlir«e  irubetaneea,  which,  taken  oeparately,  give 
ml.  green,  and  blue  eolor  MOMtuMu. 
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sensations  result,  and  as  this  is  the  only  reaction  possible  in  the 
rods  these  elements  can  furnish  us  only  sensations  of  thih  quality. 
Tlie  moleoules  of  ^vny  suhstance  in  the  rones,  on  the  other 
hand,  have  undergone  a  development  sueh  that  certain  p(irtum> 
only  of  the  molecule  may  become  dlsaoeiated  by  the  action  of  light 
of  certain  periods  of  vibration.  This  development  may  be  sup- 
posed to  have  taken  place  in  two  stapes:  first,  the  formation  of 
two  groupings  within  the  molecule,  one  of  which  is  disfKX'iattni  by 
the  slower  waves  and  gives  a  sensation  of  yellow,  and  one  of  which 
is  dissociated  by  the  more  rapid  waves  nr\^\  gives  the  sensation  of 
blue.  This  stage  remains  still  on  portions  of  the  periphery  of  the 
retina,  and  is  the  comlilion  present  in  tlie  fovea  al^o  in  the  eyes 
of  the  I'ed-^i'een  blin<L  The  second  stage  consists  in  the  division 
of  the  yellow  component  into  two  additional  groupings  in  one 
of  which  the  atomic  movements  are  of  such  a  period  as  to  he 
affected  by  the  longest  visible  waves,  the  red  of  the  spertnim. 
while  the  other  is  dl'^'*ociate<l  by  rays  corresponding  to  the  green 
of  the  spe<*trum  and  gives  rise  to  the  sensation  of  green.  If 
the  red  and  green  gi*oupings  are  dissociated  together  the  resulting 
effect  is  the  same  as  follows  from  the  dissociation  of  the  entire  yellow 
component,  while  the  complete  dissociation  of  the  red,  green,  and 
blue  groupings  gives  thi-  stimulus  obtaine<l  originally  from  the  disso- 
ciation of  the  whole  molecule,  and  causes  gray  sensations.  The  idea 
of  this  subdivi>ion  or  differentiation  iii  structure  of  the  original  gray 
substance  is  indicated  diagramniatically  in  Fig.  14S.  The  theor>' 
accounts  admirably  for  many  phenomena  in  vision,  and  is  perhaps 
especially  adapted  to  explain  the  facts  of  color  blindness  an^l  the 
variations  in  c|uality  of  our  vLsual  sensations  in  the  peripheral  areas 
of  the  retina. 

The  two  latter  theories  seem  to  imply  Ihal  a  numberuf  diffcivnt  kiiid* 
of  impuLsefl  may  \te  tranamittwl  idnng  the  opfic  fil>en*.  Hering's  theory  re- 
quires apparenilv  the  possibility  of  six  quulitutivelv  difTerenl  iinpuli^, — 
namely,  wliite.  hfack.  ritl.  green,  yellow,  and  hhie, — wf»ile  ihe  Franklin  theory 
assuniefl  impuIiJes  ciim-j^fxindine  lo  white  (gray),  red,  pn-on,  yellow,  und  Viluc. 
HIack  is  not  yjKtnlically  iice4)untcil  U>r  except  iis  a  part  of  the  pray  tieries.  At 
present  in  pliysiolo^r^-  there  is  no  proof  that  ner\-e  impulses  ean  differ  oiiiili- 
tutively  from  eacli  other,  although  il  may  bo  urged,  |K'rhupt*  witli  w]u;il  lorce» 
that  tfiere  is  no  proof  that  they  can  not  so  differ.  The  doctrine  of  specific 
ner\'e  energy  assumes  that  ner\'e  impulsies  are,  as  regards  (piality,  always 
the  wime,  and  differ  fnim  one  another  only  in  intensity,  the  qualitative  differ- 
ences that  exist  amuiit;  w^nxut  iwns  Ix'ing  referred  to  :i  diderencc  iii  reaction 
in  the  end^J^^Jln  in  tlm-  l»rain. 

Kntoptic  Phenomena. — Under  the  term  entoptic  phenomena 
is  incKided  a  ntmiber  of  \*isual  sensations  due  to  the  shadows  of 
various  objects  within  the  eyeball  itself .  Ordinarily  these  shadows 
are  imperceptit)lo,  owing  to  the  diffuse  ilhmiination  of  the  interior 
of  the  eye  through  the  relatively  witle  opening  of  the  pupil.  By 
means  of  various  devices  the  illuniination  of  the  eye  uiay  l>e  so 
controlled  as  to  make  these  shadows  more  distinct  and  thus  bring 
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the  potinal  irnaRe''  into  consciou8no«s.  Some  of  these  entopic  up- 
peanuiecs  are  descril)e<l  briefly,  but  for  a  detailed  description  the 
reader  i»  referred  to  the  classical  work  nf  Hehiiholtz.* 

The  BlnoH-corpti9cffs. — Tfie  entoptic  iriiag;es  that  are  most  easily 
n^cognized  perha]>i^  are  those  of  the  moving  eoq)Uscles  in  the  caj>il- 
laties  of  the  retina.  If  one  looks  off  into  the  bhie  sky  he  will  have 
no  difficulty  in  recognizing  a  nuniher  of  minute  clear  and  dark  specks 
thai  move  in  front  of  the  eye  in  ilefinite  paths,  'j'he  character  of 
the  movement  leaves  no  doubt  that  th*'f*e  sensationflaredue  to  the 
shadows  of  the  blood-corpuscles.  In  fact,  the  sliadows  often  show 
ft  rhythmic  acceleration  in  velocity  synchronous  with  the  heart- 
beats, a  pulse  movement.  By  projecting  the  moving  images  upon 
a  s<*rren  at  a  known  distance  from  the  eye  the  velocity  of  the  capil- 
lari*  circulation  has  l>een  e«4timaie<l  in  man. 

The  Rtihud  Blood-vessda. — ^The  blood-vessels  of  the  retina  lie 
in  front  of  the  rrxls  and  cones  and  must  necessarily'  throw  their 
shadows  tifwn  these  sensitive  enfl-organs.  The  hha<iows  may  be 
nmde  more  distinct  and  a  visual  picture  of  the  vessels  obtained  by 
a  number  of  methods.  For  instance,  if  a  canl  with  a  pin  hole 
through  it  is  movefl  slowly  in  front  of  the  eye  the  images  of  the 
blood-vessels  stand  out  in  the  field  of  vision  with  more  or  leas 
dJRtlnctneBs.  The  card  shouUi  lx»  given  a  circular  moveYnent.  If  it 
is  kept  in  one  position  the  images  quickly  disapix'ar,  since  the 
retina  apparently  fatigues  ver>-  quickly  for  such  faint  impressions. 
A  more  impressive  picture  may  l)e  obtained  by  the  method  of 
Puricinje.  In  a  dark  room  one  hold*;  a  candle  toward  the  .side  of  the 
head  in  surh  m  |x>sition  as 
to  give  the  sensation  of  a  . 
^lare  in  the  corresponil- 
ing  eye.  If  the  eye  is  (ii- 
nete<i  towa  rd  the  opposi  te 
side  of  the  nx>m  and  the 
randle  is  kept  in  continual 
rircular  movement  the 
bkxMl-vessels  appear  in 
the  field  of  vision  ma^i- 

Ltied  in  proportion  to  the 
dUian<^  of  projection ;  the 
picture  makes  the  impres- 
1^  of  a  thicket  of  inter- 
kring  branches.     In  this  experiment  the  light  from  the  candle 
Mriken  the  nas:il  side  of  the  retina  at  an  olilique  tinjjle  and  is  re- 
fleeted  toward  the  other  side  of  the  gIol>c.     The  blood-ve-ssels  are 
in   this   way   illuminated   from    an    unusual  direction   and   their 

•  Htlmlioltx.  "  Handbuch  tier  physiologiscbea  Oplik,"  second  edition. 
I,  IM. 
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Fig.  140.— Hdmholfi'A  method  of  ahowinc  aa- 
ioptio  phenomena  due  to  iinperreetioos  in  (be  leiu 
%ni\  vilrviKU  {HelmhoUt)'.  c,  a  wreen  with  pinhole: 
a.  loit«  with  ^hurt  focus. 


4 


346 


THK  SPKCIAL  SENSES. 


shaiiowa  aro  thrown  upon  n  portion  of  the  retina  not  usually  affer- 
ied  atul  for  that  roa*son  perhaps  more  sensitive  to  the  impression. 
Im'perjvciious  in  the  Vilreous  Humor  and  the  Lens. — Small  frag- 
ments of  the  cells  from  which  the  \'itreous  humor  was  constructed 
in  the  embryo  and  similar  relatively  opaque  objects  in  the  lens  may 
throw  shadows  on  the  retinal  bottom.  These  shadows  take 
different  forms,  but  usually  are  described  as  small  spheres  or  beail;*, 
single  or  in  groups »  that  move  with  the  eyes  and  are  designated, 
therefore,  an  the  niusc;e  volitantes  (flitting  flies  or  floating  files).  To 
bring  out  these  shadows  it  is  convenient  to  make  the  source  of  illu- 
mination small  and  to  bring  it  at  or  nearer  than  the  anterior  focal 
distance  of  the  eye  ( 15  to  16  mms.).  The  method  employed  for  this 
purpose  by  Helmholtz  is  illustrated  in  Kig.  149.  In  this  figure  b 
Is  a  can<lle  flame,  and  n  a  lens  of  short  focus  wliich  makes  an  image 
of  the  flame  at  the  sinail  f>pening  shown  in  the  dark  screen,  c.  The 
eye  is  placed  just  l)ehitKl  this  ojx'ning  and  i.s  illuminated  by  the  rays 
from  the  small,  bright  image  of  the  flame  at  that  spot.  The  shadows 
are  seen  projected  upon  the  illuminated  surface  of  the  glass  lens. 


I 
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CHAPTER  XIX. 
BINOCULAR  VISION. 

Vision  with  two  eyes  differs  from  monocular  vitdon  eliiefly  in 
the  varied  combinations  of  movements  of  the  two  eyebalband  the 
&id  thereby  afTorded  in  the  determination  of  dLstance  and  .size, 
in  the  enlarged  field  of  vision,  and,  above  all,  in  the  more  exact  per- 
ception of  solidity  or  per>*pective,  cf^jKH'ially  for  near  objects. 

The  Movements  of  the  Eyeballs. — Raeli  eyeball  is  moved 
by  six  extrinsic  muscles  which  are  innervated  thniugh  three 
cranial  nerves.  The  thinl  or  oculomotor  nerve  controls  tlie  internal 
rectus,  the  superior  rectus,  the  inferior  rectus,  and  the  inferior 
oblique;  the  fourth  cranial  nen'e  (n.  patheticiiK)  innen'ates  the 
superior  oblique  alone;  anrl  the  sixth  rninial  (n.  ahdiicenfl)  the 
external  rectus  alone.  By  means  of  these  nmnrles  the  »\vebrt]ls  may 
be  given  various  movements,  all  of  which  nmy  Ik*  ctirLsidered  as 
rotAtion.s  of  the  ball  around  various  axes.  The  common  point  of 
interst'ction  of  these  axes  is  designated  as  the  rotation  point  or 
center  of  rotation  of  the  eyeball ;  it  lies  alxiut  X'AM  mnis.  back  of  the 
cornea  in  the  emmetropic  eye.  The  various  axes  of  rotation  all 
paaii  through  this  point,  and  we  may  classify  them  under  four 
heads:  (1)  The  horizontal  or  sagittal  axis,  which  is  the  line  passing 
through  the  rotation  ix)int  and  the  olijeet  looked  at,— the  fixation 
point.  This  axis  coiTes|x»nds  practically  with  the  line  of  sight, — 
that  is,  the  line  drawn  from  the  object  looked  at  to  the  middle  of  the 
fovea,  and  it  ma\*  therefore,  without  serious  error,  be  s|X)ken  of  as 
the  vi.sual  axis.  Rotation.s  around  this  axis  give  a  wheel  movement 
or  torsion  to  the  eyelialls.  (2)  TJie  tmnsverse  axis,  the  line  passing 
through  the  rotation  points  of  the  two  eyes  anrl  pcrpemlicular 
to  1.  Rotations  arouml  this  axis  move  the  eyeballs  straight  up 
or  down.  (3^  The  verticjil  axi:=»,  the  vertical  line  passing  through 
the  rotation  point  and  perpendicular  at  this  point  to  the  horizontal 
and  iransver>4e  axes.  Rotations  aroimd  this  axis  move  the  eyeball 
to  the  right  or  the  left.  (4)  The  oblique  axe^n,  under  which  are  in- 
cluded all  the  axes  of  rotation  passing  through  the  rotation  point  at 
oblique  angles  to  the  horizontal  axis.  These  axes  all  lie  in  the 
equatorial  plane  of  the  eye.  and  rotations  aroimd  any  of  them  move 
the  eyeball  obliquely  upwanl  or  downward.  These  definitions  all 
have  reference   to  what  is  known  as  the  primarv  jxvsition  of  the 
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eyes, — that  is,  that  position  taken  by  the  eyes  when  we  look  straight 
liefore  us  toward  the  horizon. — a  position,  therefore,  in  which  the 
plane  of  the  horizontal  axes  is  parallel  to  the  ground;  aU  other 
poisitions  of  the  eyes  are  spoken  of  as  secondan'. 

With  regard  to  the  movements  of  the  eyes  about  its  axes  of 
rotation  the  following  general  statements  are  made:  Starting  from 
the  primar>-  jxisition,  rotations  of  the  eyes  about  the  vertical  axis — 
that  is,  movements  directly  to  riglit  or  left — may  be  made  by  the 
contraction  of  the  internal  or  the  external  rectus  as  the  case  may  be. 
Rotations  around  the  transverse  axis — that  is,  movements  directly 
up  or  down— require  in  each  case  the  co-operation  of  two  musfle«. 
In  movements  upward  the  superior  rectus,  acting  alone,  would  in 


< 


Fix.  l5a.~"DiAKmni  nhnwiogfor  the  left  eye  ihr  pathn  of  Che  line  of  i*iiclit  c«u»ed  bythe 
ftvtiunof  tJio  different  eye-mu-vle*  (Herinn).  The  lioriinnriU  IineinclicAteAmoveinoni«t»ut  ar 
ici  t«i  vnriMU!*  tIrKrat-t  0,4  cftUM>d  by  the  coatractloD  of  the  iiitomiU  or  pxtrrntil  mrtux.  TIhi 
curvffi  hrirM  ?Ji«w  the  miiuiirit  of  torsion  (jiven  thr  ry^ball  l>y  thr  oiiM-nnr  ntid  infrrn)r 
nwtUA  and  the  Huperior  and  iiif«nor  oLih(|ti«  when  com rai-tinc  *fi*miely.  Tn*  -hort 
lieavivr  line  ut  the  end  of  the  luttis  indioAt*")  the  poftition  of  ihi*  hunsuriiaJ  rnrridinn  at 
the  end  nf  the  iiiov«^meiit.*'  K  '  .  the  rxtcnial  rrrlH*;  R,  i  ,  Ihi*  inlrnial  ferluw;  H.  S., 
the  superior  rectus;  H.  inf..  the  lufenur  rectiu;  U.  i.,  the  luferior  ubli<)iie;  (J.  H.,  tiM  itupwnur 
oblique. 

rotating  the  eyeball  upward  also  give  it  a  slight  torsion  so  as  to 
turn  the  upper  part  of  the  vertical  meridian  inward.  To  obtain  a 
movement  directly  upward  ("rotation  around  the  transverse  axis) 
the  superior  rectus  and  inferior  oblique  mast  act  together.  For 
a  similar  reason  rotation  directly  downward  requires  the  com- 
bined action  uf  the  inferior  rectus  an<i  superior  oblique.  Th€»8e 
facts  are  expressed  clearly  in  Hering'a  diagram,  reproduced  in 
Fig.  150.  which  indicates  the  paths  traversed  by  the  line  of  sight 
when  the  eyeball  is  moved  liy  the  different  muscles  acting  sepa- 
rately. Rotation  of  the  eyelmlls  around  oblique  axes  require 
the  co-operation  of  three  of  the  muscles  :  movements  upward 
and  outward^the  superior  rectus,  inferior  oblique,  and  external 
rectus,  movements  upward  and  inward — superior  rectus,  inferior 
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oblique.  nn»i  internal  rectus:  movements  downward  and  outward — 
inferior  rectus,  superior  oblique,  and  external  rectus;  movements 
downwanl  and  inward — inferior  rectus,  superior  oblique,  and 
internal  rectus.  Most  of  the  movements  of  the  eyes  are  of  the 
latter  kind,  namely,  rotations  around  an  oblique  axis.— and 
the  position  of  the  axis  for  each  definite  movement  of  this  character 
may  be  determined  by  Listing's  law.  which  may  be  stated  as 
follows  :  When  the  eye  passes  from  a  primary  to  a  secondary 
poeilion  it  may  be  considered  as  having  rotated  around  an  axis 
perpendicular  to  the  lines  of  sipht  in  the  two  positions.  It  will 
be  noted  readily  from  observations  upon  the  movements  of  one's 
own  eyes  that  they  ordinarily  make  only  such  movements  as  will 
keep  the  lines  of  sight  of  the  two  eyes  parallel  or  will  converge 
them  tipon  a  common  point.  In  movements  of  convergence  the 
internal  recti  of  the  two  eyes  are  associated,  wliile  in  symmetrical 
lateral  movements  the  internal  rectus  of  one  eye  acts  with  the 
external  rectus  of  the  other.  Under  normal  conditions  it  is 
impossil>le  for  us  to  diverge  the  visual  axes.^that  is.  to  associate 
the  action  of  the  external  recti.  A  movement  of  this  kiml  would 
prtnluce  useless  double  vision  (diplopia),  and  it  is  therefore  a 
kind  of  movement  which  all  of  our  experience  has  trained  us  to 
avoid. 

The  Co-ordination  of  the  Eye  Muscles — Muscular  Insuf- 
ficiency— Strabismus. — In  order  that  the  eyeballs  may  n»ove  with 
the  minute  accuracy  necessary  in  binocular  vision,  a  beautifully 
baianceir  or  co-oriiinated  action  of  the  opposing  musclew  is  neces- 
fiar>'.  The  object  of  these  movements  Ls  to  bring  the  point  ioijked 
at  in  the  fovea  of  eacJi  eye  and  thus  prevent  double  visitin,  rliplopia 
(see  following  paragraphs).  Tliis  object  Ls  attained  when  the  eye- 
balls are  so  moved  that,  the  lines  of  sight  unite  uihju  the  object  or 
point  Ifxjked  at.  In  viewing  an  object  or  in  reading  we  keep 
readjusting  the  eyes  continually  to  bring  point  after  ixiint  at  the 
jtmction  of  the  lines  of  sight.  If  the  eye  is  perfectly  normal  the 
contractions  of  the  muscles  forobjeetw  in  a  symmetrical  position  are 
equal  in  the  two  eyes;  if,  however,  one  or  more  of  the  muscle.s  in  the 
eyes  are  weaker  than  nonnal,  then  to  adjust  the  eyes  properly 
requires  a  greater  contraction  of  these  muscles  to  overcome  the  op- 
posing action  of  their  stronger  antagonists.  If  the  clisprofxjrticm 
in  strength  is  not  great,  then  by  a  stronger  innervation,  made  under 
Uie  desire  to  prevent  ilouble  vision,  the  visual  axes  may  be  properly 
adjusted;  but  the  strain  that  results  from  this  continual  overcon- 
tra<*tion  may  be  injurious.  A  conditif)n  of  lurk  of  Iwilance  of  this 
kind  in  the  muscles  is  spoken  of  as  heterophoria,  and,  according  to 
the  direction  in  which  the  visual  axis  tt-nds  to  deviate  the  condition 
is  described  specifically  as  esophoria,  dc\iation  inward;  exophoria» 
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deviation  outward:  hyperphoria,  deviation  up  or  down.  The 
condition  may  be  obviated  by  prismatic  glasses  .so  placed  as  to 
aid  the  weaker  muscle.  When  the  lack  of  balance  between  the 
opposing  muscles  is  so  great  that  the  visual  axes  can  not  l>e  brought 
to  bear  upon  the  same  points  we  have  the  condition  of  squint  or 
strabismus.  Such  a  condition  may  re.sult  from  a  deficiency  in 
stxengtb  or  in  actual  paralysb  of  one  or  more  of  the  muscles,  or  from 
an  ovetBction  in  sovoe  of  the  muscles  as  contrasted  with  their 
antagooists. 

The  Binocular  Field  of  Vision. — When  the  two  eyes  are  fixed 
i^»on  &  given  point,  placed,  let  us  say,  in  front  of  us  in  the  median 
phae,  each  eye  has  its  own  visual  field  that  may  Im>  clmrttHl 
by  meaof  of  the  perimeter.  But  the  two  fields  overlap  for  a 
portion  of  their  extent,  and  this  overlapping  area  comftitutes 
the  field  of  binocular  vision  (see  Fig.  151).  Every  point  in  the  bin- 
ocular Beld  forms  an  image  upon  the  two  retinas.  The  most 
interesting  fact  about  the  binocular  field  is  that  some  of  the  objects 
contained  in  it  are  seen  single  in  spite  <»f  the  fact  tliat  then*  are  two 
retinal  images,  wliile  others  are  seen  or  nmy  be  seen  double  when 
ooe's  attention  is  directed  to  the  fact.  Wliether  any  given  object 
is  seen  single  or  double  depends  upon  whether  its  image  does  or  does 
not  fall  upon  rorre-'^pt^mding  point.^  in  the  two  retinas. 

Corresponding   or    Identical    Points. — By   definition   corro- 

»pi>nding  or  identical  (khuIhS  in  the  two  n^Unas  are  tho.^e  which  when 

eanudtaneously  stinmlatcil  by  the  same  luminous  object  give  iw  a 

I     flingte  sensation,  while  non-correnponding  points  are  those  which 

'     when  »  stimulated  give  us  two  visual  sensations.     It  Is  evident, 

fn»m  our  ex|x»rience,  that  the  fovea?  fonn  corresponding  points  or 

axsas^     When  we  look  at  any  object  we  so  move  our  eyej^  that  the 

ima^  of  the  point  observetl  shall  fall  upon  symmetrical  parts  of  the 

■^^vm;  the  lines  of  sight  of  the  two  eyes  converge  upon  and  meet  in 

^^pe  point  looke*l  at.     If  while  observing  an  object  we  press  gently 

^Hpon  one  eyehiitl  with  the  end  of  the  fuigert  two  images  are  seen 

^^rt  once,  and  they  diverge   farther   and  farther  fn>m   each  other 

as  \ho  pressure  u|K>n  the  eyeball  is  increased.     Experiment  shows, 

wJba,  that,  in  a  general  way,  portions  of  the  retiiui  symmetrically 

pla«tHi  to  the   right  side  of  the  foveae  in  the  two  eyes  are  cor- 

Wvp^ntdiug.  ^nd  the  same  is  true  for  the  two  left  halves  and  the  two 

bcplp^ier  an^l  lower  halves.    The  right  half  of  the  retina  in  one  eye  is 

^Pton-H\>rn"s|*«»i»di'iiJ  to  the  left   half  of  the  other  retina,  and  ince 

I    Wen;  and  the  siime  relation  is  true  of  the  upper  and  lower  halves, 

"     IfMiwtively.     If  we  imagine  one  retina  to  l>e  lifted  without  turning 

9M\\  Uuil  o\n»r  the  other  so  that  the  foveje  and  vertical  and  horizontal 

SManKCiMnoidr,  then  the  rorres|wnding  jxiints  will  he  suj^erposed 
Ehmit  lht»«*  pt»rtioas  of  the  retina  that  represent  the  binocular 
.    Thbi  platOHient,  however,  is  theoretical  only;  an  exact  point 
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In  point  rotTcsponflcnce  has  not  Ijoeii  deterniinetl  experinrentully. 
Kxperimenia  have  ehown,  however,  that  the  i'orre.s|)oiit]jiig  points 
in  the  upper  halves  of  the  retinas  aloug  the  vertical  mid-line  do 
not  cover  each  other,  that  Ls,  they  do  not  lie  in  the  actual  anatoni- 
icttl  vertical  meridian,  but  form  two  meridian?  whirh  diverpe 
symmetrically  from  the  mid-line  so  as  to  make  an  an^le  of  almut 
2  degrees  (physiolopcal  incongruence  of  the  retinas).  Within  the 
limitd  of  our  powers  of  ol>8ervation  for  ordinary*  objects  we  may 
adopt  Tncheming's  nile, — namely,  that  when  the  ima^res  of 
an  object  on  the  two  retinas  arc  projected  to  the  same  side  of  the 


lAl.— fVritnei#r  chart  to  show  the  «xt«nC  of  the  binnoul&r  visuiU  fietd   (shaded  uc*) 
when  ihr  eytv  htv  fixed  uixn  •  median  point  in  thr  liuhuiniii]  plane. 


point  of  fixation  they  are  seen  single,  their  retinal  images  in  this 
c«»e  falling  on  the  retina  to  the  same  side  of  the  lines  of  sight :  when* 
however,  the  retinal  images  fall  on  opposite  side:*  of  the  lines*  of 
sight  and  are  projected  to  oppasite  sides  of  the  \xni\{  of  fixation, 
they  are  seen  double.  The  doubling  of  object.-*  that  do  not  fall  on 
corresponding  points  (physiological  diplopia)  is  most  readily 
deinonstratcfi  for  object.s  that  lie  between  the  lines  of  sight,  either 
closer  or  farther  away  than  the  object  hwked  at.  If,  for  instance. 
one  holds  the  two  forefingers  in  front  of  the  face,  in  the  median 
pbine.  one  hand  l*oing  at  at>oul  the  near  point  of  distinct  vision 
and  the  oilier  as  far  away  ;us  possible,  it  will  be  noticed  that  when 
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tike  cgrcB  aie  fixed  oa  the  imr  fiuyj  the  near  one  is  seen  aouble 
^ad  nor  venm.  la  Cbs,  w  m  athet  experiments  in  whirh  the  eye$ 
■R  MumwMwtiiiri  Cor  one  objett  while  the  attention  Ls  directed 
to  AKrthcr.  8one  tfiffwiih^  may  be  experienced  at  fiTst  in  dlsso- 
datBis  theee  tvo  mct^  mhiA  aoraadly  je^o  together,  hut  a  tittle 
prartke  wiD  eooB  eotthle  one  to  ffiBtinjeuish  clearly  the  doubting 
ci  the  point  vptm  which  the  faaea  of  sight  are  not  ('onverge<i. 
If  a  kNif(  sikk  is  held  hromontallf  m  fmot  of  the  eyes  the  end 
near  the  face  will  be  doobfed  when  the  e>*es  are  directed  to  the 
hr  end  and  Her  wtrm.  Iforrover.  by  a  simple  experiment  it 
naj  be  Aomn  that  objeets  nearer  the  eyes  than  the  point  toolced  at 
are  doubled  hctcnnynwoBly. — that  is,  the  right-hand  image  t^e- 
loBgi  to  the  left  eye  and  the  left-hand  one  to  the  right  eye.  This  is 
canljr  demoostrated  by  ckeiDg  the  eves  alternately  and  notin£ 
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which  of  the  images  disappears.  The  reason  for  the  rrosR-projec- 
tion  of  the  images  is  made  apparent  by  the  construction  in  Fig.  152. 
/,  bearing  in  mind  the  essential  fact  that  in  projecting  our  retinal 
images  we  always  project  to  the  plane  of  the  object  upon  which  the 
eyes  are  focused.  In  the  figure  the  e>-es  are  converged  on  A ;  the 
images  of  point  B  fait  to  opposite  sides  of  the  line  of  sight  and  are 
seen  double  and  are  proje<*ted  to  the  plane  of  .1,  ttie  image  on  the 
right  eye  being  projected  to  6'  on  the  left  of  A  and  that  on  the  left  eye 
to  &  on  the  right  of  j4  .  In  a  similar  way  it  may  be  shown  that  ob- 
jeets farther  away  from  the  eye  than  the  point  looked  at  are  doubled 
homonsTnously, — that  is,  the  right-hand  image  belongs  to  the  light 
e>*e,  and  the  left-hand  one  to  the  left  eye.  The  fact  is  explained  by 
the  construction  in  Fig.  162,  //,  in  which  A  is  the  point  converged 
upon  and  B  the  more  distant  object.  In  alt  binocular  wion,  then^ 
fore,  the  series  of  objects  between  the  e>e  and  the  point  looked  at  are 
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(!ou!>le<l  heteronymously,  and  those  extending  V>eyond  the  point  in 
the  same  line  are  doubled  homonymously.  Normally  we  take  no 
conwioiis  notice  of  this  fact,  our  attention  lx;ing  absorbed  by  the 
objeet  upon  which  tJie  lines  of  sight  are  dimotefi.  Some  physi- 
ologisti*,  however,  have  assumed  that  the  knowle<lge  plays  an  im- 
portiint  part  subconsciously  in  giving  us  an  idea  of  depth  or  per- 
spective,— an  immediate  perception,  as  it  were,  of  the  di.stinction 
between  foregroimd  nn  background.  It  is  usually  asi^umed  that  the 
explanation  of  rorrespomiing  jviints  Ls  to  be  found  in  the  anatomical 
arrangement  of  the  optic  ner\*e  fibers.  Those  from  the  right  halves 
of  the  two  retinas,  which  are  corresponding  halves,  unite  in  the 
right  optic  tract  and  arc  distributed  to  the  right  side  of  the  brain, 
while  the  fdx^rs  frt^m  the  left  halves  go  lo  tlw  left  wide  of  the  brain. 
The  basis  of  the  single  sensation  from  two  %'i^ual  images  is  to  l^e 
found  probably  in  the  fact  that  the  ccrcbral  tenninations  through 
which  the  final  psychical  act  is  mediated  lie  close  together  or  possibly, 
unite. 

The  Horopter, — In  every  fixed  position  of  the  eyes  there  are 
a  certain  numlxr  of  points  in  the  binocular  field  which  fall 
upon  corresponding  points  in  the  two  retinas  and  are  therefore 
■een  single.  The  stira  of  the^  point-s  h^  designated  as  the  horopter 
for  tliat  |K>siiion  of  the  eyes.  It  may  Ik;  a  straight  or  curved  line, 
or  a  plane  or  our%'ed  surface.  Hehnholtz  calls  attention  lo  the  fact 
thai,  when  standing  with  our  eycjs  in  the  primar>'  position, — that 
is,  directed  towanl  the  horizon, — the  horopter  is  a  plane  coinciding 
with  the  ground,  and  this  fact  may  postdbly  be  of  senice  to  us  in 
walking. 

Suppression  of  Visual  Images. — It  happens  not  infrequently 
that  when  an  image  of  an  object  falls  upon  non-corresponding 
points  in  the  two  retinas  the  mind  ignores  or  suppresses  one  of  the 
images.  This  peculiarity  \a  exhil>ited  especially  in  the  case  of  per- 
sons suffering  frf)m  *'  stjuint  "  (strabismus).  In  this  condition  the 
individual,  for  one  reason  or  another,  is  unable  to  adjust  the  contrac- 
tions of  his  eye  muscles  so  as  to  unite  his  lines  of  sight  upon  the 
object  looked  at.  The  image  of  the  object  falls  ujwn  non-corre- 
'^)onding  points  and  should  give  double  vision,  diplopia.  This 
■would  undoubte<lIy  Ije  the  case  if  the  condition  came  on  suddenly; 
just  as  double  vision  results  when  we  dislocate  one  eyeball  by 
pressing  slightly  upon  it.  But  in  cases  of  long  standing  one  of  the 
images,  that  from  the  abnormal  eye,  is  usually  suppressed.  The 
act  of  suppression  seems  to  be  a  case  of  a  stronger  stimulus  prevail- 
ing over  a  weaker  one  in  consciousness,  just  as  a  painful  sensation 
from  stimidation  of  one  part  of  the  skin  may  be  suppressed  by  a 
stronger  pain  from  some  other  region. 

Struggle  of  the  Visual  Fields.— \\1ien  the  images  of  two  dis- 
biniilar  objects  are  thrown,  one  on  each  retina,  tlic  luind  is  presented, 
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SO  to  speak,  siraiiltaneously  with  two  different  sensations.  Under 
such  circumstances  what  is  known  as  the  struggle  of  tiic  visual 
fields  ensues.  If  the  image  on  one  eye  consists  of  vertical  lines 
and  on  the  other  of  horizontal  lines  we  see  only  one  fielil  at  a  lime, 
first  one  then  the  other,  or  the  field  Ls  broken,  vertical  lines  Ln  part, 
ami  horizontal  lines  in  part;  there  is  no  genuine  fusion  into  a  con- 
tinuous, constant  picture.  The  stniggle  of  the  two  fiekls  is  better 
illustrated  when  different  colors  are  thrown  on  the  two  retinas. 
When  red  and  yellow  are  superposed  on  one  retina  we  obtain  a  com- 
pound sensation  of  orange;  if  they  are  thrown  one  on  one  retina, 
one  on  the  other,  no  such  fusion  takes  place.  We  see  the  field 
alternately  Tvd  or  yellow  or  a  mixture  of  part  red  and  part  yellow, 
or  at  times  one  color,  as  it  were,  through  the  other.  If,  however, 
one  field  is  white  and  the  other  black  a  ix*culiar  sensation  of  glitter 
is  obtained,  quite  unlike  the  unifonn  gniy  that  would  result  if  the 
■two  fields  were  suitoriM>sod  on  one  retina. 

Judgments  of  Solidity. — Our  vision  gives  us  knowledge  not 
only  of  the  surface  area  of  objects,  but  also  of  their  depth  or  solidity, 
• — that  is.  from  our  visual  sensations  we  obtain  conceptions  of  the 
three  dimensions  of  space.  The  visual  sensations  upon  which  tliis 
conception  is  built  are  of  several  different  kinds,  partly  monocular,— 
that  Ls,  such  as  are  perceived  by  one  eye  alone, — jmrtly  binocular. 
If  we  close  one  eye  and  look  at  a  bit  of  landscape  or  a  solid  object 
we  tire  con.scious  of  the  i)erspective,  of  the  right  relations  of  fore- 
ground and  background,  and  those  indi%*idual.s  who  have  the 
misfortune  to  lose  one  eye  are  still  capable,  under  most  circura- 
stances,  of  correct  visual  judgments  concerning  three  dimen- 
sional space.  Nevertheless  it  is  true  that  with  binocular  ^^sion 
OUT  judgments  of  perspective  are  more  perfect,  and  that  under 
cerlain  circumstances  data  an?  obtained  from  vision  with  two  eyes 
which  give  us  an  idea  of  solidity  far  more  real  than  can  be  obtained 
with  one  e>*e  alone.  This  difference  is  shown  esjxjcially  in  the 
combination  of  stereoscoiiic  pictures,  and  in  ordinar>'  vision  when 
the  light  is  dim,  as  in  twilight,  or  in  exact  judgments  of  perspective 
in  the  case  of  objects  close  at  hand.  If,  for  example,  we  close  one 
eye  and  attempt  to  thread  a  nee<lle,  light  a  pii>e,  or  make  any  similar 
co-ordinated  movement  that  dej^ends  u|M311  an  exact  judgment  of 
the  distance  of  the  ol>jeci  away  from  us,  it  will  be  found  that  the 
resulting;  movement  is  far  less  iK?rfectly  [Krfcjrmed  than  when  two 
eyes  are  used.  The  sensalion  ek-ments  ujjou  which  our  judgments 
of  depth  or  perspective  arc  founded  may  be  classified  as  follows:* 

The  Mojwcular  Elements. — That  is,  those  that  are  exiieriencetl 
in  vision  with  one  eye.  (a)  Aerial  pcTupectire.  The  air  is  not  en- 
tirely transparent,  and.  therefore,  in  viewing  landscajjes  the  more 
distant  objects  are  less  distinctly  seen,  as  is  illustrated,  for  instance, 
•  Sec  U  Conte,  "Sight,"  vol.  31  of  "The  International  Scientific  Scries."  1881 


by  the  hare  coverinp  distant  mountnins.  This  cxpericnre  lends  us 
sometimes  to  make  erroneous  jud^:ments  when  the  conditions  are 
una<nial.  An  object  seen  suddcnK-  in  a  fog  looms  large,  as  the 
expri'Ksion  goes,  since  the  feeling  that  hazy  ohjoct^s  are  at  a  grejit 
(iistancc  leatis  us  to  give  a  profxjrtional  overvaluation  to  the  rela- 
tively large  visual  image  ma/le  by  the  near  object. 

(b)  MaihrmnlicaJ  fHTsperiirc  The  outlines  of  objects  before 
us  are  pmjertrd  upon  the  surface  of  the  eye  in  two  dimrnsions  only, 
just  as  they  are  represented  in  a  drawing.  The  lines  that  indicate 
depth  are  therefore  fortvhortened,  and  linos  really  imrallel  tend  to 
converge  more  and  more  to  a  vanishing  point  in  [iropnrtion  to  their 
distance  away  from  us.  When  one  stands  between  the  tracks  of  a 
railway,  for  instance,  this  convergence  of  the  parallel  lines  is  dis- 
tinctly apparent.  We  have  learned  to  interpret  this  mathematical 
perspective  correctly  and  with  great  accuracy.  The  use  of  tliis 
perspective  in  drawings  is,  in  fact,  one  of  the  chief  means  employed 
by  the  artist  to  produce  an  impression  of  depth  or  solirlity.  For 
distant  ohjeci,s  at  least  this  factor  is  probaljly  the  most  jxitcnt  of 
thoe0  that  can  be  appreciated  by  monocular  vision. 

The  importance  of  the  mathematical  perspeetive  for  our  vlsiiul  judgments 
may  be  illustrated  ver\'  strikingly  by  a  eimpte  exnerimpnt.  If  one  takes  & 
bicon\'Tx  lens  of  nhort  focuD  and  standing  at  a  winnow  that  looks  out  upon  a 
long  (Street  holdff  the  lens  in  front  of  the  eye*  at  arm's  longlh  he  will  be  able 
to  aee.  by  focuaing  on  the  inverted  image  formed  by  the  lens,  that  not  only 
are  objects  invertetl  a.*«  refianls  their  surface  features,  hut,  f(>r  mcst  |H'nK>ns 
at  least,  thff  pempcctive  is  alt*o  inverted.  Objects  actually  in  the  forejfround 
will  appear  in  the  haokf^round.  and  one  may  huvc  the  rurious  sensations  of 
wntchmK  person*  who,  as  they  walk,  seem  to  recede  farther  and  farther  into 
the  distance  in  apite  of  the  fact  that  they  continue  to  increase  in  sire.  The 
mvcrted  nr  paeudoscopic  vision  thus  produced  is  due  undoubtedly  to  the  in- 
verwon  of  the  lines  of  perspective.  Parallel  lines  which,  without  the  leaa, 
would  have  on  the  retina  a  ptY)jcction  of  this  kind  /\  arc  with  the  lens  projected 
inverted  ^f  and  uur  visual  judgments  are  cuutroUed  by  thiH  factor  in  spite 
of  the  oppoeiog  evidence  from  tbe  size  of  the  retinal  uuages.  In  order  for 
tta*  experiment  tn  succeed  it  is  ueoeaaary  that  the  objects  viewed  shall  be  far 
CBOUgn  awav  so  that  u  llut  picture  may  be  given  by  the  lcn», — that  i^n,  u  pic- 
ture in  which  the  foci  for  the  near  pointa  shall  not  differ  practically  from  those 
tit  more  distant  points,  otliurwise  tnc  mu^niJar  niovciueutji  of  accouunodaiiun 
interfere  with  the  delusion.  The  relative  importauce  of  tlut>  laei  factor 
(Me  luooeeding  paragraph)  is  well  illustrated  by  viirving  the  experiment  in 
this  way:  Plaoe  two  objects  upon  a  \\%ll-liglited  tabic,  one  at  the  near  end 
and  one  at  the  far  end.  Then  standing  close  to  the  table  view  these  objects 
through  the  lens  as  before.  They  will  t>e  .Hi*n  in  their  right  relations  to  each 
other.  If,  however, one  backs  away  from  the  table  while  watching  the  images 
there  will  oome  a  distance  at  wtiich  llie  near  ubject  will  be  seen  tu  shift  around 
to  the  rear  of  the  far  object. 

(c)  TJie  Muscle  Sense  {Focat  AtijtuitmerU). — For  objects  near 
enotjgh  to  require  aeconiiuodation  it  is  obvious  that  the  nearer 
object  will  need  a  stronger  contraction  of  the  ciliary  muscle,  and 
alsfi  of  the  internal  rectus  in  order  to  bring  the  line  of  sight  to  bear 
correctly.     By  nie^ins  of  the  fibers  of  muscle  sense  we  have  a  verv 
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exact  conception  of  the  degree  of  contraction  of  these  muscles,  and 
this  sensation  is  perhaps  the  most  important  factor  used  in  making 
our  monocular  judgments  of  depth  for  objects  at  a  short  distance. 
In  binocular  vision  the  same  factor  is  doubtless  of  increased  effi-, 
ciency  by  reason  of  the  sensations  obtained  from  the  two  eyes.  I 

(rf)  The  ^disposition  of  ligfUs  (ind  shades  and  the  size  of  familiwr' 
objects.     It  may  be  assumed  that  in  distant  vision  of   complex 
fields  the  varying  Hghts  and  shades  exhibited  by  objects  accordin 
ati  they  stand  in  front  of  or  behind  each  other  also  aid  oiu-  judg- 
ment.  The  actual  size  also  of  the  retinal  images  of  familiar  objects— 
such  as  animals,  trees,  etc. — gives  us  an  accessor)'*  fact  which  con- 
tributes to  the  imprecision  derived  from  the  sources  mention 
above.    These  factors  are  employed  with  efTcct  by  the  artist  i 
strengthening  the  general  impmssion  which  he  wi>^he8  to  give 
tlie  difference  between  the  foregmund  and  the  background. 

The  Binocular  Perspective. — In  iiinocular  vision  there  Ls 
additional  element  which  coutributt's  greatly  to  oiip  judgment  o 
depth.  This  element  consists  in  the  fact  that  the  retinal  images 
of  external  objects,  particularly  near  objects,  are  different  in  the  two 
eyes.  In.ismiuih  ius  the  eyes  are  separated  by  some  distance  the 
projection  of  any  solid  object  upon  one  retina  is  different  from 
the  projection  on  the  other.  If  a  truncated  pyramid  is  held 
front  of  the  eyes,  the  right  eye  sees  more  of  the  right  side,  the  l 
more  of  the  left  aide.  The  projection  of  the  same  object  uf>on  t 
two  retinas  may,  in  fact,  be  represented  by  the  drawings  given 
Fig.  \5'i.  Whenever  this  condition  prevails,  whenever  what  we 
may  call  a  right-eyed  image  of  an  object  is  thrown  on  the  right  eye 
and  simultaneously  a  left-eyed  image  on  the  left  eye,  whether  in 
nature  or  by  an  artifice,  we  at  onee  p<'rreive  deptli  or  solidity  in  the 
object.  'J'hLs  fact  Ls  made  use  of  in  all  ilevices  employed  to  produce 
etereoscoiiic  vision. 

Stereoscopic  Vision. — Stereoscopic  pictures  may  be  obtained 

by  pholograpliing  tlie 
same  object  or  collec- 
tion of  objects  from 
slightly  different 
points  so  as  to  get  a 
right-eyed  and  a  left- 
eyed  picture ;  or  for 
simple  outliiie  pic- 
tures, such  as  geo- 
metrical figures,  they 
may  be  made  by  draw- 
ings of  the  object  as  seen  by  the  two  eyes,  res[x?ctively  (see  Figs. 
15.'i  and  156).    Any  optical  device  that  will  enable  us  to  throw  the 
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ripiit-eyed  picture  on  the  right  eye  and  the  left-eyed  picture  on 
the  left  eye  constitutes  a  stereoscope.  Many  diflfercnt  forma  of 
stcrcosotjpe   have   been   de>ised; 

tlie  one  that  b<  most  frecjuently     A 

used    is   th<?   BrcH'stcr  stereoscope  \  ;   / 

rcpFeeented  in  principle  in  Fig.  ;    \        j^ 

154.    Kaoh  eye  views  its  corre-  /      \    / ; 

sponding  picture  through  a 
cun'cd  prism.  The  sight  of  the 
left-eyed  picture  is  cut  off  from 
the  right  eye,  and  vice  rer«a,  by 
a  partition  extending  for  some 
distance  in  tiie  median  plane. 
The  prisms  arc  piacwl  with  their 
baee8  outward  and  the  rays  of 
light  from  the  pictures  are  re- 
cted,  as  shown  in  the  diagram, 
ao  as  to  aid  the  eyes  in  converg- 
ing their  linee  of  sight  upon  the 
same  object.  The  priMus  also 
magnify  the  pictures  somewhnt. 
Stereoscopic  pictures  are  mounte<I 
usually  for  this  instnmient  so  that 
the  di.stana?  Ix'lwecn  the  same 
object  in  the  two  pictures  is  about  SI)  mms. — greater,  therefore,  than 
the  iniorocular  distance.  A  simple  fonn  of  .stereoscope  that  is  very 
rOVftive  and  interesting  is  sold  under  the  name  of  the  aTwghfph. 
J  he  iwo  pictures  in  this  case  are  approximately  superposed,  but  the 
outlines  of  one  are  in  blue  and  the  other  in  rcii.  When  looke<l  at, 
therefore,  the  picture  gives  an  ordinan*  Hat  view  with  confused, 
nwl-blue  outlines.  If.  however,  one  holds  a  piece  of  red  glass  in 
front  of  the  left  eye  and  apiece  of  blue  glass  in  front  of  the  right  eye, 
or  more  conveniently  uses  the  pair  of  spectacles  provided  which 
have  blue  ghiss  on  one  side,  red  on  the  other,  then  the  picture  stands 
out  at  once  in  solid  relief  with  surprising,  distinctness — and  as  a 
black  and  white  object  onl>'.  The  red  and  blue  glasses  in  this  case 
sunply  serve  to  throw  the  right-eyed  image  on  the  right  eye  and  the 
lefl-cyed  image  on  the  left  eye.  Assuming  that  the  right-eyed 
inuge  is  outlined  in  red,  then  the  blue  glass  should  l>e  in  front  of  the 
rijfhi  eye.  Tliis  glass  uill  absorb  the  red  rays  conipleii'ly  so  tliat 
th«'  red  outhnes  in  the  picture  will  seem  black  and  a  distinct  right- 
eyed  picture  is  thrown  on  the  right  eye,  distinct  enough  to  make  us 
overlook  the  much  fainter  image  in  blue,  which  is  also  trans- 
mitted through  the  blue  glass.     The   red   glass  before  the  left 


Via.  1M. — TMaentm  to  Illustrate  the 
piinriine  of  the  Rrewnter  slereoacoiie 
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Fin.  Im  — 8t«ren«eopie  picture  of  an  oftuhc- 
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eye  cuts  out.  in  ihe  s:vme  way,  the  right-eyed  imajie  and 
in  dark  outline  Uil-  lefL-pyed  image.  liy  simply  reversing  tlic 
spet'tatles  the  right-eyed  image  may  l)e  thrown  upon  the  left  eye 
and  rice  versa.  Under  tliese  conditions  tlie  picture  for  mnat  per- 
sons may  he  seen  in  inverted 
relief  ( pseudoscopii*  vision  ^ 
oljjeets  in  the  foregnmnil  re- 
fCtUng  into  the  backgit>und. 
This  inversion  of  llie  relief 
when  the  projei-tion  u|>on  the 
retiiiJLs  is  it?veisod  is  a  strik- 
ing indication  of  the  potency 
of  the  normal  jjrojeetion  as  u 
factor*  in  our  judgments  of 
soliii  objects.  It  will  l>e  ob- 
served, mnrpover,  that  those 
pictures^  that  show  legist 
mtithemalical  perspective  are  the  most  retuiily  inverted,  and  that 
the  ability  to  invert  the  pictur*e  varies  in  different  individuals:  in 
Home,  what  we  havp  callerl  the  binr:icular  peispective.  foun<ied  up<»n 
the  dbisimilar  ifuji;^es.  prevails  over  the  mathematical  persfiective 
more  readily  than  in  others. 

Stereoscopic  pictures  may  also  be  combined  very  successfully 
without  the  use  of  a  stereoscofx?  by  virtut*  of  the  jihenomenon  of 
phyHiolujujical  diplopia.  If,  for  instance,  two  stereoscopic  drawings, 
such  as  are  represpn1e<l  in  Mg.  lo5,  are  held  before  the  eyes  and  one 
relaxes  his  accommodation  so  as  to  look  through  the  pictures,  as  it 
were,  to  a  ixnnt  beyond,  then,  in  acconlance  with  w  liat  was  stated 
on  p.  852,  each  picture  gives  a  double  image,  since  it  falls  on 
non-corresponding  parts  of  the  two  Retinas.  Four  pictures,  there- 
fore will  l)e  tnK'ii.  all  out  of  focus.  With  a  little  practice  oiie  can  so 
converge  liLs  eyes  as  t4)  make  the  two  middle  images  come  together, 
and  since  one  of  these  is  an  imago  of  the  rightK^yed  picture  and  is 
falling  on  the  right  eye,  and  the  other  is  a  left-eye<i  picture  falhng 
on  the  left  eye,  the  combination  of  the  two  fulhlls  the  necessar>' 
conditions  for  binocular  perspective.  The  figure  stands  out  in 
bold  n^lipf. 

Explanation  of  Binocular  Perspective. — Our  perception  of 
solithty  or  relief  Ls  a  secomiar>'  jjsychical  act,  aiid,  so  far  as  the  binoc- 
ular element  IS  conccmetl,  it  is  baKcd  upon  the  fact  that  the  images 
are  slightly  different  on  the  two  retinas;  but  why  this  dissimilarity 
should  proiiuce  an  inference  of  this  kind  is  not  entirely  imderstood. 
Certain  facts  liave  been  i>oirited  out  as  having  a  probai)le  be.aring 
upon  the  mental  process.     In  the  first  place,  in  stereoscopic  pictures, 


nature,  we  do  not  see  the  wliole  field  at  once.  To  see  the  ol>- 
in  the  foreground  the  eyeballs  must  be  converged  by  the  eye 
muscles  so  that  the  lines  of  siglit  may  meet  in  the  object  regarded. 
Wlien  attention  is  paid  to  objects  in  the  background  less  convergence 
13  neceasary  (aee  Fig.  152).  The  point  of  fixation  for  the  hnes  of 
L^flight  is  kept  continually  moving  t<j  and  fro.  imd  the  Hensution  of 
P^this  muscular  movement  undoubtetlly  plays  an  important  part  in 
giving  us  the  idea  of  depth  or  solidity.  For  pen^oas  not  practised 
in  the  matter  of  obsen'ing  stereoscopic  pictures  the  full  idea  of  relief 
I  comes  out  only  after  this  muscular  activity  has  been  called  ui»n. 
But  for  the  practisetl  eye  this  play  of  the  muscles  Is  not  absolutely 
neccssar)'.  The  stereoscopic  picture  stands  out  in  relief  even  when 
illuminated  momentarily  by  the  light  of  an  electric  spark.  The  i)er- 
ception  of  solidity  in  this  case  is  instantaneous,  and  it  hjis  l)een  sug- 
gested that  this  residt  may  dci>end  upon  the  immediate  recognition 
of  physiological  diplopia, — that  is»  the  fact  that  objects  nearer  than 
the  poiiit  of  fixation  are  doubled  heteronymously,  while  those 
farther  away  are  doubled  homonymously  (see  p.  3.'i2>.  Such  an 
effect  can  only  be  produced  distinctly  by  objects  Imving  depth 
and  possilily  m  the  case  of  the  traine*!  eye  it  alone  is  sufiicient  to 
give  the  immediate  inference  of  solidity  or  relief,  while  the  un- 
trained eye  requires  the  accesson'  sensations  aroused,  by  focal 
adjustment,  mathematical  i)ersj)eclive,  etc. 

Judgments  of  Distance  and  Size. — Judgments  of  distance 
anil  fei/e  arc  closely  related.  Our  judgments  regarding  size  are 
based  primarily  upon  the  size  of  the  retinal  image,  the  amount  of 
the  VTsual  angle.  This  datum,  however,  is  sufiicient  in  itself  only 
for  objects  lit  the  same  distnn(?e  fr(»m  us.  If  they  are  at  different 
distances  or  we  suppose  that  such  is  the  case,  our  judgment  of  the 
distance  controls  our  juilgmeut  of  size.  This  fact  is  beautifully 
shown  in  tlie  case  of  after-images  (see  p.  332).  When  an  after- 
image of  any  object  is  obtained  on  the  retina  our  judgment  of  lia 
size  depends  altogether  on  the  distance  to  which  we  project  it. 
If  we  lofjk  at  a  surface  nea,r  at  hand,  it  seems  Hmall ;  if  we  gaze  at  a 
wall  many  feet  away  it  is  at  once  greatly  enlarged.  The  familiar 
instAncc  of  the  variation  in  the  size  of  the  full  moon  according  as  it 
is  seen  at  the  horizon  or  at  the  zenith  depends  upon  the  same  fact. 
The  distance  to  the  horizon  as  viewed  along  the  surface  of  the  earth 
seems  greater  th^in  to  the  zenith;  we  picture  the  heavens  above  us 
as  an  arched  dome  flattened  at  the  top,  aiul  hence  the  same  size  of 
retinal  image  is  interpreted  as  larger  when  we  supp<we  that  we  see 
it  a!  a  greut^^T  distance.  Our  judgmenU^  of  distancCf  on  the  other 
liand,  def>end  prim;irily  upon  the  dal^i  aircaily  enumerated  in 
speaking  of  the  perception  of  solidity  or  depth  in  the  visual  field. 
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For  oljjects  within  the  limit  of  accommodation  we  depcnii  chiefly 
on  the  muscle  sense  aroused  by  the  act  of  focusing  the  eyes, — that 
is,  the  contractions  of  the  ci!iar\^  aiul  of  the  extrinsic  muscles.  For 
objects  outside  the  limit  of  accommodation  we  are  influenced  by 
binocular  perspective,  mathematical  perspective,  aerial  perspective, 


I 


¥i^.   166.— MQlter-Lyer  fi^urea  to  show  illiMnn  In  ^paoe  perception.     The  Uncs  A  mod  B 

arv  of  tht>  same  Icuffth. 


etc.  But  here  again  our  judgment  of  distance  is  greatly  influenced 
in  the  case  of  familiar  objects  by  the  size  of  the  retinal  image.  A 
striking  iastancc  of  the  latter  fact  is  obtained  by  the  use  of  field 
glasses  or  openi  gl:isses.  When  we  look  through  them  properly 
the  size  of  the  retinal  image  is  enlarged,  and  the  objects,  therefore, 
seem  to  be  nearer  to  us.  If  we  reverse  the  glasses  and  look  through 
the  large  end  the  size  of  the  retinal  image  Is  reduced  and  the  objects, 
therefore,  seem  to  Ix;  much  farther  away,  since  under  nonuul  condi- 
tions such  small  images  of  familiar  objects  are  formetl  only  when 
they  are  at  a  great  distance  from  us. 

Optical  Deceptions. — Wrong  judgments  as  regards  dLstajice 
and  size  aro  frequently  made  and  the  fact  may  be  illustrated  in  a 
number  of  interesting  ways.  Thus,  in  Fig.  156  the  line.s  -4  and  R 
are  of  the  same  lenf^h.  but  B  seems  to  l)e  distinctly  the  longer.  So 
in  Fig.  157  the  vertirnl  lines,  although  exactly  parallel,  seem,  on 
the  contrary',  to  nm  obliquely  with  reference  to  one  another.  Both 
of  these  deceptions  depend  a[>paroniIy  upon  our  inability  to  estimate 
angles  exactly;  we  unden'alue  the  acute  angles  and  over\alue  those 
that  are  obtuse.  A  ven.'  remarkable  delusion  is  given  by  Fig.  158, 
If  the  book  is  held  fiat  at  the  level  of  the  chin  and  sbc  or  eight 
inches  from  the  face  and  the  eyes  are  focused  oti  the  |X)int  of  inter- 
section (if  any  two  of  the  lines,  a  third  line  will  lie  seen  perpen- 
dicular Lo  the  plane  of  the  other  two,  and  projecting  vertically 
from  the  surface  of  the  page.  A  row  of  these  vertical  lines  will 
be  seen  if  the  distancre  is  properly  chosen.  As  one  l)en<ls  the 
head  from  side  to  side  the  lines  sway  in  the  same  direction.  It 
forms  a  very  striking  instance  of  the  fact  that  we  may  .see  most 
distinctly  a  thing  thai,  has  no  real  existence, — a  case,  therefore, 
in  which  we  can  not  trust  our  senses.  The  delusion  seems  to  lie 
due  to  the  fact  that  the  two  lines,  in  the  position  indicated,  form 
a  projection  on  the  retina  such  as  would  be  made  by  an  actual 
vertical  nnl  placed  at  the  point  at  which  we  .see  one.  Fig.  159 
gives  an  interesting  illustration  of   the  way  in  which  our  judg- 
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prominent.  We  mtiy  see  two  rubes  redting  upon  a  third  one, 
each  with  the  Murk  side  tmdermost,  or  we  may  see  one  cube  rest- 
ing on  two  under  ones,  each  with  iu  bluck  side  uppermost.    Our 


382 


TBE  SPECIAL  S£Na£8. 


jadgment  in  the  matter  clum^es  from  one  interpi-etation 
other  without  any  apparent  cause.     That  the  act  of  accommixia- 
tion  plays  a  part  in  the  changes  is  shown  by  the  fact  that  if  one 


Tlfr  IS>. — F^ion  to  Bartrmto  *■'***»■'"  dMcpcioiu  deptading  upon  diffpmnt  intcr- 
pntmuatmvl  thm  mmthmmmltiBal  VBo^aetire  and  the  Uibu  and  iiliiideA.  On  g»xiti^  Hxwily 
ttm  ima0B  vill  ehani  from  a  ■nsla  auba  with  blaak  top  raatiaK  on  two  others  with  black 
lopa,  to  ooa  erf  two  cubes  with  blaek  bottoms  rft^tioK  upon  a  mg^  cub*  with  bUdt 
bottocn.     SttU  other  heures  may  appear  from  time  to  time. 


focuses  for  the  point  a,  this  point  may  be  held  in  the  foreground 
and  the  second  of  the  above  appearances  be  seen.  While  if  the 
eyes  are  uccotnxuodated  strongly  for  point  b.  it  will  be  brought 
foruerd  and  the  first  of  the  two  appearances  described  is  broiiglil 
into  view. 


PHYSIOLOGY  OF  THE  EAR. 


CHAPTER  XX. 

THE  EAR  AS  AN  ORGAN  FOR  SOUND  SENSAHONS. 

In  discussing  the  physioIog>'  of  the  ear  it  is  necessary  to  consider 
the  functional  importJince  of  its  various  parts,  the  external  ear 
consisting  of  the  lobe  or  pinna*  the  external  auditor>'  meatus,  ami 
the  tympanic  membrane;  the  middle  ear,  with  its  chain  of  ossicles, 
its  muscles  and  ligament.^,  and  the  P]iist4ichian  tube;  and  the  internal 
ear.  with  its  cochlea,  vestibule  (utrioulus  and  sacculus),  and  semi- 
circular canals.    The  eighth  cranial  or  so-called  au<litor>*  nerve  is 
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160. — SvrotdUcrmmmBtia  Kctmn  thrr>u{ch  the  riaht  «»r  {Caerma.k')'.    O,  Rx1«ma] 
■Qr  tucatiM:   T,  merobnuia  tyinpani;   /*   tympanic  okvity;  o,  (etiMtrm  ovmln;  r.  leo- 
miUfU:   fi.  fvmicirculv  canal;  5.  cochlea;    K(,  scala  vwUbuli;   Pi,  aoaU  tyrapanl; 
m,  Euatacliwn  tube. 

ftifitributed  entirely  vtithin  the  internal  ear;  the  fibers  of  the  coch- 
lear branch,  which  alone  i)erliaj)s  are  concenied  with  hearing,  end 
among  the  sensor)'  ner\p  cells  (if  the  cochlea,  wiiile  the  vestibular 
l)mnch  supplier  simiUr  sense  cells  situated  in  the  utriculus,  sacculus, 
ami  the  anipulhr  of  the  semicircular  canals.  We  may  consider 
first  the  functions  of  the  ear  in  re6i)ect  to  the  sensations  of  sound. 
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The  somewhat  complicated  anatomy  of  the  parts  concerned  sboul 
be  obt^ine<l  from  the  s|)ecial  works  on  anatomy  or  histolog\'.  For 
the  purposes  of  a  physiological  presentation  the  schemutic  figure 
employetl  [)\-  Czermak  and  reproduced  in  Fig.  160  will  siifiice  to 
exhjint  the  genoral  anatomical  relations  of  the  i>arts  concerned  in 
the  transiiiissioM  of  the  s<:>und  waves  from  the  exterior  to  the  cocldea. 
The  Pinna  or  Auricle. — The  pinna  opens  into  the  external  mea- 
tus by  means  of  a  cone-shaped  depression,  the  concha.  The  whole 
organ,  and  especially  the  concha,  may  be  considered  aa  fulfilling 
more  or  less  j)erfectly  the  function  of  collecting  the  sound  waves 
and  reflecting  them  iiLto  the  meatus.  In  the  lower  animals  the  con- 
cave shai>e  of  the  ear  and  its  motility  probably  make  it  much  mur& 
useful  in  this  respect  than  in  the  case  of  the  human  ear.  But  even 
in  man  the  pinna  is  valuable  to  some    extent  in  uitensifytng  tJie 

appreciation  of  sounds  and 
also  in  enal^ling  us  to  ileter- 
mine  their  direction.  The  ex- 
ternal auditory  meatus  has  a 
length  of  aboil  1 21  to  26  mms., 
and  a  cajjacity  of  something 
over  one  cubic  centimeter. 
Its  course  is  not  straight,  but 
passes  first  somewhat  back- 
ward and  upward,  and  thea 
turns  forward  and  inward  to 
end  against  the  tympanic 
membrane.  All  sound  waves 
that  affect  the  drum  of  the  ear 
must,  of  course,  pass  through 
this  canal. 

The  Tympanic  Mem- 
brane,— ^Tlie  tympanic  mem- 
brane closes  the  inner  end  of 
the  meatus  and  lies  oI)liquely  to  the  axis  of  the  ranal,  its  plane 
making  an  angle,  opening  downward,  of  I5<)  degrees.  'Jhe  mem- 
brane, although  not  more  than  0.1  mm.  thick,  consists  of  three 
coata:  a  layer  of  skin  on  the  external  surface,  a  layer  of  mucous 
membrane  on  the  side  toward  the  middle  ear,  and  in  between  a 
layrr  of  fibrous  cnnnoftive  tissue.  The  middle  layer  gives  to  the 
membrane  its  i>eculiar  stnicture  and  pn)f>erties.  In  form  the 
membrane  has  the  Rhape  of  a  shallow  fimnel  with  the  apex,  or 
umlH),  as  it  is  callt^d,  somewhat  below  the  wnter.  The  fibers  of 
the  fibnjus  layer  are  arranged  partly  cinndarly  and  [Mirtly  in  hues 
radiating  from  the  umbo  to  the  periphenil  margin  (Fig.  161). 
The  walls  of  the  funnel  are  slightly   convex  outwardly;   so  that 


Fig.  Ittl.— To  mJiow  the  structure  of  tbo 
tyrnpanic  nif^mbnine.  l<K)kcd  itt  (tuiii  the  aiile 
of  toe  mcalu-s  {Henncn):  tu.  The  nxia  u(  rota- 
tion of  tlw  eur  bMQGti;  d,  tiie  inoua;  n,  tha 
bead  of  the  malleiu. 
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:h  radiating  tiljer  formfi  an  arch.  On  the  inner  side  of  the  mem- 
brane the  chain  of  ear  oesiciea  is  attached,  so  that  the  vibmtions 
of  the  membrane  are  transmitted  directly  to  these  Ifoncs.  The 
peculiar  form  of  the  membrane,  its  funnel  sha{3e,  its  arched  sides, 
and  its  nnsymmetrical  division  by  the  umbo  are  supposed  to  con- 
tribute to  its  vahie  as  a  transmitter  of  the  sountl  vibrations  of  the 
air.  In  the  lin^l  place,  the  membnine  shows  httle  temiency  Co 
aftei^vibmtionti»— that  is,  when  st^t  in  motion  l>y  an  air  wave  it 
siiows  httle  or  no  tendency  to  continue  vibrating  aftcT  the  acting 
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FW.  103. — TyrnDonum  of  rutlit  nidA  with  ommoIm  in  place,  riewad  from  within  i%i%m^ 
MtrnM):  1,  Body  of  imnu;  2,  «ufipenaor>'  UB»in«at  of  innneus:  3.  lijcftnient  of  incua;  4. 
mm)  01  Dulleuii;  A,  •pltynipftnio  cftviiy;  6.  chor«ln  lymimni  nerve:  7.  <rn<Jon  i>r  i<*niHir 
lympaiai  miurW;  S,  fool^Mnre  uf  stirnip;  0,  os  nrtttrulaiv^.  tO.  iniuiubriuiii;  U,  UMimr 
;ym{MUU  miucla;   12,  tzMuubnuia  tympuii:    13,  KtiNtachian  tube. 


force  has  ceased.  It  is  obviotis  tliat  stich  a  profierty  is  vahial)Ie  in 
remioring  hearing  more  distinct,  and  the  peculiarity  of  the  mem- 
brane in  this  respect  is  attributetl  partly  to  lis  special  form  and 
partly  to  the  damping  action  of  the  bones  attached  to  it.  In  the 
aecond  place,  the  arched  .sides  of  the  fuimel  act  as  a  lever,  so  that 
the  movements  at  these  parts  arc  transmitted  to  the  umbo  with  a 
diminution  in  ampHtudc,  but  an  intensification  in  force.  It  is  at 
the  umbo  that  the  movement  is  communicated  to  the  ear  bones. 

The  Ear  Bones. — ^The  three  ear  bones — the  malleus,  the  incus, 
and  the  stapes— taken  together  form  a  chain  connecting  the  tym- 
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jjanic  nieml>mne  wiih  the  membrane  of  the  fenestra  oralis.  By 
this  means  the  vibrations  of  the  tympanic  membrane  are  com- 
municated to  the  membrane  of  the  fenestra  ovalis  and  thus  t^)  the 
penlyiiij>h  filling  tlie  cavity  of  the  internal  ear.  The  bones  consist 
of  8pong>-  material  with  a  compact  surface  layer.  Tlieir  general 
8haf>e  and  connections  are  illustrated  in  Figs.  162  and  163.  To 
understanil  the  manner  in  wliich  the  chain  of  bones  acts  in  con- 
veying the  vibnitiofis  frtim  one  meml)rane  to  the  other  some  points 
in  their  structure  and  cormections  may  hd  recalle<i.  The  nuiUeua 
is  about  18  to  U)  mnis.  long,  antl  has  an  average  weight  of  23  nulU- 
grarns.  Its  long  handle  is  inibeildcd  in  tlie  tyni|>anic  membrane, 
the  tip  reaching  t^i  the  umbo.  The  large,  rounded  head  pmjects 
above  the  upper  edge  of  the  tymjiaHic  membrane  and  forms  a  true 

joint  of  a  peculiar  nature  with  the 
incus.  It  has  two  processes  in  ad- 
dition to  (he  manubrium  :  a  short 
one,  pmressua  brevis,  that  presses 
against  the  uf)i)er  edge  of  the  tym- 
panic membrane,  ami  a  longer  one, 
the  processus  gracihs  or  processus 
Folianus.  which  projects  forwanl 
and  is  continued  by  a  ligament,  the 
anterior  ligament,  through  which 
the  malleus  is  attached  to  the  bony 
wall  of  the  tympanic  cavity.  Three 
other  ligamentii  are  attached  to  the 
malleus,  theextenial  ligament,  bind- 
ing it  t^  the  external  face  of  the 
cavity,  the  posterior  ligament,  and 
the  superior  ligament,  the  latter  at- 
tjiching  the  upper  part  of  the  head 
to  the  roof  of  the  tympanic  cavity.  By  means  of  these  ligaments 
the  iKine  is  held  steadily  in  position  even  after  its  connections 
with  the  incus  arc  loosened.  The  inc^i^  Is  somewhat  more  mas- 
sive than  the  malleus,  weigliing  al>out  25  milligrams.  Us  thicker 
portion  artiriilat*'H  with  the  head  of  tlie  rnslleus.  and  it  has  two 
processes  nearly  at  right  angles  to  each  otiicr.  'i'lie  shorter  process 
extends  posteriorly  and  is  attached  by  a  ligament  to  the  posterior 
wall  of  the  tympanic  caxnty;  the  long  process  passes  downward 
parallel  with  the  handle  of  the  malleus,  but  turns  in  at  the  tip 
to  form  the  rriundcd  os  orbicidarc.  which  articulates  with  the 
head  of  the  stapes.  This  latter  bone  is  extremel}'  light,  weighing 
about  3  milligrams,  its  oval  base  l>eing  attached  to  the  mai^ns 
of  the  fenestra  ovalis  by  a  short,  si  iff  membrane. 

The  Mode  of  Action  of  the  Ear  Bones. — I'he  movemente  of 
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Fig.  163.— Tb»  boose  of  the 
ini(i<ll«  ear  in  nutural  C()nn»ctimi*> 
iHtimhtitU):  yf.  The  tnaUeu«:  Mep. 
the  hemd:  Me,  the  neck:  Ml.  Oio 
prooOMfUM  fi:rariliii;  Mm,  tho  iii&nii- 
Drium;  /c.  IxhIv  of  thtt  inetiH;  fb, 
short  procooa:  it,  tone  process;  S, 
the  Htaiwa. 
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tympanic  mcnibmne  arc  fonimunicated  to  the  ti[i  of  the  haiuUe 
the  manubrium.  As  the  hamlle  movei?  in,  the  chain  of  bones 
makes  a  rotary  movement  around  an  axis  which  may  be  defined  as 
the  line  passing  through  the  attachment  of  the  short  process  of  the 
incus  and  the  anterior  ligament  of  the  malleus.  The  general  posi- 
Ikm  of  this  axis  is  represented  by  the  Hue  a-h  in  Fig.  164.  Tliis  line 
passes  througli  the  neck  of  the  malleus;  so  that  as  the  handle  moves 
in  the  head  of  the  malleus  and  the  upper  part  of  the  incus  move  in 
the  opposite  direction, — while  the  long  process  of  the  incus  t-ogether 
with  the  stafjes,  l>eing  below  the  axis,  move  in  the  same  direction  as 
the  handle,  (see  Fig.  164.4).  The  diain  of  bones,  therefore,  acts 
like  a  bent  lever  whose  fulcrum  is  at  a,  tlie  power  arm  being  repre- 


I 
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Fi«.  i<M.— To  iUtM(nit«>  the  ievrnr 
MClionnl  tb*  ear  Ikhmpj'  [McKmiincliy, 
Mi,  The  DuUleus;  «.  the  iiiru.>«.  •>-*>.  iIm» 
•xia  of  rrifalinn;  a,  ttnttt  pnioctm  of 
fawu*  kbultinii  aciunff  the  tynip«nie 
mil ;  a-p.  thm  power  uiu ;  ty^^  the 
I  lever. 
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of  tbe  lever. 


FiK.  16«.4.--Sflb«ni«  to  UlusCrste  the 
way  in  which  tbe  ear  oniclcH  act  K*t- 
CelKcr  u  ■  hetit  lever  id  transmittins  the 
movements  of  the  tympenin  memhnuM 
tri  the  raanibrane  of  the  feDeeirm  ovalw. 
1.  The  handle  o(  the  maUeu*;  2.  the  lunc 
proceaa  of  theitiru.1:  3,  the  i»lapee  ;  a-h, 
the  ucis  of  rotiition.  Ibe  arrowa  indi- 
eat«  a  movouent  toward  of  the  tympanio 
membrane. 


sented  by  the  line  p-a  and  the  load  anu  by  the  line  r-«.  Acconiing 
to  Helmholtz,*  the  distance  />-*i  is  e<^ual  Ut  9.5  mms.,  while  r-a 
is  6^  mms.  The  movement  at  r.  therefore,  or  the  movement 
of  (he  stapes,  will  have  only  two-thinls  of  the  amplitude  of  the 
raovern'*nt  at  p,  but  will  have  a  correspondinjjly  ^^e-ater  force 
(one  and  one-half  times).  The  mechanisms  of  the  tympanic 
membrane  and  the  ear  bones  combine,  therefore,  to  convert  the 
vibrator\'  movements  of  the  tym|Mmic  membrane  into  smaller 
but  more  intense  movements  of  the  membrane  of  the  fenestra 
ovalis.     It  should  l)e  l)onie  in  mind,  however,  tliat  the  amplitude 

*  Helmhnlti,  "THv  I^ehre  von  den  Tnnoinpfindungen,  etc..*'  fifth  edition. 
1890.     Sep  abo  English  translation  by  Kllifi. 
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of  these  movements  under  normal  conditions  Is  veo*"  minute. 
That  of  the  base  of  the  stirrup  is  estimated  at  al)out  (».(M 
mm.,  while  the  amplitude  at  tiie  tip  of  the  manubrium^  though 
relatively  much  larger,  is  still  less  than  a  millimeter  (0^  to 
0.7  mm.).  The  minute  but  relatively  intense  movements  of  the 
stapes  set  into  vibration  the  i^erilymph  in  the  internal  ear,  and 
through  these  movements  the  sensory  nerve  cells  in  the  cochlea 
are  stimulated,  and  nerve  impulses  are  thereby  aroused  in  the 
fibtrs  of  the  cochlear  nerve.  Ankylosis  of  the  ear  l)ones  imjiedes 
their  movements  antl  impairs  the  deUcncy  of  hearing,  and  if  the  an- 
kylosis affects  the  base  of  the  stapes  at  its  insertion  int-o  the  fenestra 
ovalis  practically  complete  deafness  ensues.  The  articulation  of 
tlie  head  of  the  malleus  with  the  IkkIv  of  the  incus  is  a  peculiar 
siiddle-shajwd  joint,  which,  according  to  the  description  given  by 
Hehuholtz,  acts  like  a  cogged  or  mtchet  movement.  When  the 
tympanic  mciabrane  moves  in  and  the  hc^ad  of  the  malleus,  tliere- 
fore,  moves  outward,  the  joint  locks,  so  that  the  incus  follows  the 
malleus.  If,  however,  from  any  urnisual  cause  the  tympanic  mem- 
brane is  moved  outward  from  its  resting  jxiKition,  as  may  result,  for 
instance,  fmiii  a  niarked  fa.ll  in  air  ])ressure,  then  the  malleus-incus 
joint  unk)cks  und  the  incus  fails  to  follow  completely  the  movement 
of  the  malleus,  thereby  protecting  the  stnictures  in  the  internal  ear. 
Muscles  of  the  Middle  Ear. — Two  small  muscles  are  present  in 
the  mifidle  ear;  the  tensor  tympani  and  the  stajx'dius.  The  former 
ari.scs  in  a  groove  just  above  the  Kustachian  tui)e  and  its  long  tendon 
is  inserted  into  the  neck  of  the  malleus  just  l>elow  the  axis  of  rotation. 
The  muscle  in  inner\'ated  by  a  branch  of  the  fifth  nerve.  It  is 
obvious  that  when  this  muscle  contracts  it  must  pull  the  tympanic 
membrane  inward  and  put  it  uiider  greater  tension.  The  stapeflius 
muscle  arisen  from  the  inner  wall  of  the  tympanic  cavity  and  its 
tendon  is  insertetl  into  the  neck  of  the  stapes.  This  muscle  is 
innervated  thniugh  a  branch  of  the  facial.  When  it  contracts  it 
tends  to  pull  the  stapes  latendly .  and  thus  probably  places  the  mem- 
brane attached  to  its  base  under  greater  tension.  The  bmctions 
fulfilleil  by  these  muscles  have  be^en  the  suigect  of  much  controversy. 
According  to  a  \'iew  first  proixjsefl  by  Johannes  Miiller,  they  act  as 
a  protective  mechani.sm  to  the  membranes  of  the  middle  ear.  Hy 
increasing  the  tension  of  the  membranes  they  limit  the  amplitude  of 
tlieir  vibrations  and  thus  protect  the  membranes  from  injur)''  or 
possible  rupture  in  the  case  of  the  \iolent  movements  residting  from 
ioud,  explosive  noises.  Or  possibly  by  their  reflex  contraction 
they  protect  us  from  intense,  disagreeable  noises,  by  limiting  the 
responsiveness  of  the  vibrating  membranes.  A  more  probable  view, 
however,  and  one  su[)porterl  to  some  extent  by  experimental  e^'i- 
dence,  was  suggested  by  Mach.     According  to  this  observer,  the 
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ilraotions  nf  the  muscles  iidjust  the  menibmnes  to  the  bettet 

^ptitm  iif  sound  vibrations  and  are  ueetl,  therefore,  in  attentive 
listening.     They  form,  in  fact,  a  nicehanisni  of  accommodation  simi- 

in  its  jeenemi  functions  to  the  ciliary  muscle  of  the  eye.  Hensen* 
lijto shown  tliat  l>oth  muscles  ^ontmct  refiexly  to  sounds,  and  that  the 
fMMctions  of  the  tensor  tympani  are  stronger,  the  liigher  the 
pitch  of  the  sound.  This  contraction  seems  to  take  place  at  the 
hefpnning  of  the  sound,  but  is  not  maintained  for  a  long  period. 
The  rcAction  is  apparently  a  reflex  movement  the  sensorv'  pjith  oF 
which  lies  in  the  acoustic  nerve  and  the  reiicx  center  in  the  medulla 
oblongata.  That  a  similar  reflex  ailjustment  takes  place  in  man  is 
lndicAte<l  by  the  following  experiment  described  l>v  Hensen.  If 
while  listening  to  a  tuning-fork  (400  to  1000  v.  d.)  a  metronome  is  set 
going  lit  a  rate  of  40  to  6(J  befits  jier  minute,  the  tone  of  the  tuning- 
fork  becomefl  obviously  strengthened.  I'he  stimulus  of  the  noise 
Cftused  by  the  metronome  may  be  supjxjsed  to  excite  the  reflex  con- 
tractions of  the  muscles  of  the  enr  and  thus  increase  its  responsive- 
ness to  the  vibrations  of  tlie  tuning-fork.  According  to  this  ^iew, 
Uicrefore,  the  ear  muscles  are  kept  constantly  in  play  !»y  sounds  or 
sudden  variations  in  the  inten.sity  of  sounds,  and  jjcrhai^  the  i>bvious 
effort  experienced  in  listening  intently  to  a  sotind  is  also  due  to  a  con- 
tracti(m  of  the^ie  muscles. 

The  Eustachian  Tube.— Through  the  Eustachian  tul^  a  com- 
munication is  estflblished  Ix'twecn  the  tymfwinic  cavity  and  the 
phar>'nx.  anfl  through  this  Litter  with  theextCTior.  The  obvious 
sdvantHge  of  this  arrangement  is  that  it  keeps  the  air  wnthin  the 
tympanum  under  the  siime  f»ressure  as  the  outside  air. — that  is.  the 
pressure  on  the  two  sides  of  the  tj-mpanic  membrane  is  kept  the 
same.  The  pharyngeal  opening  of  the  tul>e  is  normally  closed,  but  it 
may  l)e  opened  by  raising  or  lowering  the  pressure  in  the  phari'nx. 
This  hapiHJus,  for  instance,  in  the  act  of  swallowing,  and  we  j-ierform 
this  act,  therefore,  whenever  our  sensations  fnim  the  tympanic  mem- 
brane warn  us  of  an  inequality  in  pressure  u]x»n  the  two  sides.  When. 
for  instance,  one  enters  a  caisson  in  which  tlie  external  pressure  iB 
increased  over  the  normal  atmospheric  pressure  the  tympanic 
membrane  would  be  driven  inward  by  the  excess  of  external  pres- 
sure were  it  not  for  the  existence  of  the  Eustachian  tui>e.  Under 
tliese  conditions  swallowing  movements  will  open  the  pharyngeal  end 
of  the  tube  and  thus  bring  the  tympanic  cavity  under  a  barometric 
equal  to  that  on  the  outside.  In  nasal  catarrh  the  tube 
occluded  so  as  to  prevent  this  equalization,  antl  under  such 
conditions,  as  is  well  known,  the  delicacy  of  hearing  is  much  im- 
paired, imtil  by  raising  the  pressure  in  the  phnr>rix  or  by  other 
means  the  tube  is  oj^encd. 

*  Hansen,  "Arehiv  f.  d.  geauinmUs  Physiologie/'  87.355.  1001. 
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The  Projection  of  the  Auditory  Sensations. — Auditon*  sen- 
sations are  projected  to  the  exterior  and.  iiuleiHi,  u>  the  supposed 
origin  of  the  sound.  The  projeetion,  however,  ia  nothing  like  so 
perfect  as  in  the  case  of  visual  stimuli.  Our  judgments  of  the  dis- 
tance and  direction  of  sounds  are  manifestly  less  exact  than  in  the 
case  of  objects  seen  Ijy  the  eye.  As  an  example,  one  may  refer  lo 
the  difficulty  of  locating  exactly  such  s<nmds  as  the  note  of  a  cricket. 
In  the  our  the  sensitive  elements  in  the  cochlea  are  not  arranged  so 
that  sounils  coming  from  different  directions  can  affect  different 
ner\'e  fil>ere.  All  smind  stimuli  come  to  this  part  of  the  eur  by  one 
path, — namely,  the  tym|)antc  membrane  and  its  accessor)'  struc- 
tures. In  judging  the  ilireetion  and  distance  of  sounds  we  must 
rely,  therefore,  ujx>n  the  relative  distinctness  of  the  sounds  in  the 
two  ears,  the  variations  in  tlistinctness  observetl  by  varying  the 
position  of  the  head,  the  accessory  information  obtained  from 
vision,  etc.  The  general  sensibility  of  the  tympanic  membrane 
also  jjlays  a  part.  When  a  vibrating  body— a  tuning-fork,  for 
example — is  held  between  the  teeth,  the  vibrations  are  transmitted 
to  the  internal  ear  in  jmrt  at  least  through  the  lx>nes  of  the  head, 
and  the  sound  in  this  case  is  referred  or  projecte<l  into  the  head 
itself  instead  of  to  the  tuning-fork.  So  that  in  hearing  by  the  usual 
method  the  sensations  of  the  vibrating  tympanic  membrane  must 
form  part  of  the  data  by  means  of  which  we  project  the  sensation 
to  the  exterior. 

The  Sensory  Epithelium  of  the  Cochlea. — The  fillers  of  the 
cochlear  branch  of  the  auditory  nerve  ari.se  in  the  ner\'e  cells  of  the 
spiral  ganglion  situateil  in  the  central  pillar,  the  modiolus,  of  the 
cochlea.  'I'his  ganglion  resembles  in  structure  the  posterior  root 
ganglion  of  the  .spinal  nerves.  Each  cell  is  bii>olar,  sending  one 
fil>er  toward  the  bmin  in  the  acoustic  nerve,  and  one  filx^r  to  end  in 
tenninal  arborizations  around  the  sensory  cells  or  hair  cells  of  the 
organ  of  C^jrti  in  the  cochlea.  We  have  every  reiison  to  believe, 
therefore,  that  these  liair  cells  form  the  apparatus  wiiich  is  affected 
by  soumi  and  by  means  of  which  ner\'e  impulses  are  generated 
and  transmitted  \o  the  acoustic  fibers.  The  general  arrangement 
and  the  relatirms  of  these  cells  are  indicated  in  Fig.  165.  They 
consist  of  short  more  or  less  cylindrical  cells  (E.  6,  6',  0".  Fig.  163)» 
whose  lower  portion  does  not  reach  to  tlie  basilar  membrane,  but 
is  supjxirted  by  the  intervening  Deiters  cells.  The  upfwr  ends  of 
the  cells  project  throiigh  the  openings  in  the  reticulate  membrane 
and  end  in  a  numl>er — according  to  Retzius,*  about  twenty — short, 
stiff  hairs.     The  hair  cells  are  arranged  in   four  to  si.\  rows,  one 

•  The  rnoflt  complete  details  of  the  structure  of  the  car  will  Iw  found  id 
the  erent  work  of  Reliivw,  "Das  Gehdrorgan  der  Wirbelthiere,"  %-ol.  ii,  1884, 
Slock  holrn. 
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row  nn  the  inner  side  of  the  inner  rrwls  of  Corti  and  three  to  five 
rows,  according  to  the  part  of  the  cochlea  examined,  on  the  outer 
aide  of  the  rods  of  Corti,  Their  totui  nunil>er  has  been  estimated 
differently  l»v  different  observers;  but,  accepting  the  lower  figures 
given,  it  niay  be  said  that  there  are  at  least  ;i5<H)  inner  liair  cells 
And  13,(XJ()  outer  on&s,  giving  a  total  of  16,5UU  or  more.  The  theor>' 
usually  proposed  to  account  for  the  mechanism  by  which  the  vibra- 
tions of  the  perilymph  affect  these  cells,  and  esj)ecially  the  expla- 
nation of  tlie  means  by  which  different  soimds  affect  different  cells, 
is  that  there  is  containetl  in  the  cochlea  a  mechanism  which  acta 
by  sympathetic   resonance.     To  make  this  theory  clear  a  short 


F\l[.  1A£. — Dumrftmmstlc  vi«w  of  itie  nn[&n  of  Corti,  the  seiuw  relU,  and  Uie  accMwory 
atturtOR*  of  the  membruiouit  cochlea  (TVifW) :  A,  Inner  rods  of  C4<iii :  £f  outer  roiu 
el  Corti  :  C,  tuniuN  ei  Corti  ;  D^  banlar  meoiltrane;  S.  ein^  row  of  inner  aair  (aeDDe) 
«■&■:  6,  6*.  6*.  row*  nf  outer  hair  (■«»)«}  cvIIm;  7.  7',  xupuurtinx  oeltii  tif  Deiterv.  Ihe 
end*  ol  the  inner  hair  (vIIa  are  seen  ^iro>erL)ii«  throuKh  Uie  opening  iif  the  retirulaie 
flnflDbr%iie.  The  terminal  arburiBatiuus  uf  tiie  cochlear  ncrvo  fibers  ead  around  the 
and  oaler  hair  oelU. 


dcopripiion  must  l>e  given  of   the  nature  of  sound  waves  and  the 
physical  facts  in  regard  to  sympathetic  resonance. 

The  Nature  and  Action  of  Sound  Waves.— S*mnd  waves  in 
air  con-^ist  of  longituilinal  vibrations  of  the  air  molecules,  alternate 
phases  of  rarefaction  and  con<lensation.  For  convenience'  sake, 
these  waves  are  usually  represented  graphically  after  the  manner  of 
wat-er  waves,  by  a  curved  line  rising  above  and  falling  Mow  a 
medi&u  lero  line,  the  ordi nates  above  the  zero  line  representing 
the  phase  of  condensation,  and  those  t)el(»w  the  phase  of  rarefaction. 
These  waves  are  produewl  by  the  vibrations  of  the  sounding  body, 
and  may  vary  greatly  in  length,  in  amplitude,  and  in  form.     For 
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mnfiirtU  Bounds  within  the  range  of  hearing  the  length  fif  the  muvm 
vmy  vsry  from  forty  to  seventy  feet,  at  the  one  extreme,  to  a  frac- 
tkm  of  an  inch  at  tiie  other.  Tbey  travel  thrcmgh  the  air  witii  aa 
avera^  velocity  of  1 100  to  1300  feet  per  eecond,  the  exact  ratevaiy- 
ing  with  the  temperature.  When  these  waves,  whatever  mar  be 
their  form,  follow  each  other  with  regularity — that  is,  with  a  defiailB 
period  or  rh^-thm — a  musical  sound  is  perceived  provided  titt 
rh>'thm  is  maintained  for  a  number  of  vibrations.  So  that  regolap- 
ity  or  periodicity  of  the  sound  waves  may  be  coasideffed  as  the  ua- 
deri>'ing  physical  cause  of  musical  sounds.  Xoo-muaical  aoundB  or 
noises,  which  constitute  the  vast  majority  of  our  auditon'  aenia- 
tioDS,  are  referred,  on  the  contron*,  to  non-periodica]  \ihnitioas. 
Waves  of  this  kind  may  be  due  to  the  nature  of  the  impulse  ^vea 
to  the  air  by  the  sounding  body, — single  pulses,  for  instance,  or  a 
aeries  of  such  pubies  or  shocks  following  at  a  slow  or  iircgular 
rhythm,  or  as  is  more  frequenth-  the  ca.se,  they  may  result  frocn  a 
mixttire  of  ven*  short  and  different  rhythmical  vibrations.  As 
the  case  of  musical  sounds  is  far  the  simpler,  the  theon*  of  the 
action  of  the  cochlea  has  been  l>ase<l  chiefly  upon  the  results 
obtained  from  a  study  of  these  forms  of  waves. 

Classification  and  Properties  of  Musical  Sounds. — Mttsieal 
sijunds  exhibit  three  fundamental  properties,  each  of  wliich  may  be 
referred  to  a  difference  in  the  physical  stimulus.  The>-  van*,  to 
the  Erst  place,  in  pitchy  and  this  tlifTerence  finds  its  expUnation  in 
the  rapidity  of  Nibration  of  the  sounding  Ixxly  and  the  sound  wares 
produced  by  it.  The  more  rapid  the  rate,  the  shorter  will  be  the 
waves  and  the  higher  w\\\  be  the  pitch  of  the  musical  note.  Notes 
of  the  same  pitch  may,  however,  van*  in  loudness  or  intoisity .  and 
this  difference  is  referable  to  the  amplitu<le  of  the  ^-ibratioos.  A 
^ven  tuning  fork  emits  always  a  note  of  the  same  pitch,  but  the 
loudness  of  the  note  may  var>'  according  to  the  ampUtude  of  the 
vibrations.  The  vibrations  of  the  tympanic  membrane  and  of 
the  perilymph  in  the  internal  ear  var>'  m  rate  and  intensity  with 
the  sounding  IkhIv;  so  that  we  may  say  that  the  stimulatsoo  td 
the  hair  cells  in  the  cochlea  gi^'es  us  auditor^'  sensations  that  vary 
in  pitch  with  tlie  rate  of  excitation  and  in  intensity  with  the  ampfi- 
tude  of  the  vibrator>^  movement.  A  third  property  of  musical 
sounds  is  their  variations  in  quaUty  or  timbre.  The  same  noCe  of 
the  same  auij>litude  when  given  by  different  musical  instruments 
varies  in  quaUty.  so  that  we  have  no  difficulty  in  recognixing  the 
note  of  a  [jiano  from  the  same  note  when  given  by  a  violin  or  the 
human  voice.  The  underlying  physical  cause  of  variations  in  timbre 
is  found  in  the  fonn  of  the  sound  waves  priKluceil,  and  immediately, 
therefore,  in  the  form  of  viliraton-  movement  communicated  to 
the  perilymph.     Examination  of  the  forms  of  sound  waves  produced 


different  musical  instrumejits  shows  that  they  rnay  be  divided 
into  two  great  groups:  (1)  The  siniple  or  ]>eii(htlar  fomi;  (2)  the 
compound  or  non-pentiular  fomi.  The  simple  or  pnululor  fonn 
of  wave  is  given,  for  instance,  by  tuning  forks.  A  graphic  rej>re- 
sentation  of  this  wave  form  may  be  obtained  by  attaching  a  bristle 
to  the  end  of  the  fork  and  allowing  it  to  write  upon  a  piece  of  black- 
ened paper  moving  with  uniform  velocity, — the  blackened  surface, 
for  instance,  of  a  kymographion.  'llxe  form  of  the  wave  obtained 
is  repre8ente<l  in  Fig.  168.  The  vibrating  liody  swings  symmetrically 
to  each  siile  of  the  hne  of  rest,  an<l,  inasmuch  as  this  is  also  the  form 
of  movement  that  would  be  tracetl  by  a  swinging  pemlulum,  this 
fonn  of  wave  is  designated  fret|uently  as  pendular.  It  is  sometimes 
railed  aLw  the  sinusoidal  wave,  since  the  distance  of  the  vibrating 
point  to  each  side  of  the  line  of  rest  is  etjual  to  the  sine  of  an  arc 
increasing  proportionally  for  tlie  time  of  the  phase.  A  compound 
(or  non-ix»ndular  or  non-sinusoidal)  nwe  may  have  a  ver\^  great 
variety  of  forms.  The  different  phases  follow  jxfriodically,  but  the 
movement  of  the  vibrating  botiy  to  each  side  of  the  line  of  rest  is  not 


FIc.  IM. — Fonn  of  wsve  mmde  by  tuninc  fork. 


perfectly  s>Tnmetricab  Fourier  has  showTi  that  any  periodical  vibra- 
tory* movement,  whatever  may  l>e  its  form,  may  l>e  considered  as 
Ijeing  composecl  of  a  series  of  simple  or  pen(hilar  movements  whose 
periods  of  vibnitions  are  U  2,  3,  4,  etc..  times  as  great  as  ti»e  vibra- 
tion j^rio<i  of  the  given  movement.  That  is,  every  SfM'alled  com- 
pound wave  fonn  may  be  considered  as  being  caused  by  the  fusion 
of  a  number  of  .simple  waves.  Representing  the  wave  movement 
of  the  air  graphically  as  water  waves,  this  composition  of  simple 
waves  into  conifxnmd  ones  is  illustrated  by  the  curves  given  in  Fig. 
167.  In  this  figure.!  and  B  represent  two  simple  vibnitions  such 
Afl  would  l>e  given  by  two  tuning-forks,  the  vibrations  in  B  being 
double  those  of  A,  If  these  two  waves  are  communicated  to  the  air 
at  the  same  time  the  actual  movement  of  the  molecules  will  be  a 
reniHttnt  of  the  forces  acting  ui)on  them  at  any  given  instant,  and 
the  actual  movement  will  l>e  indicatc<l,  therefore,  by  the  algebraical 
sum  of  the  ordinales  al>ove  and  beli»w  the  lines  of  rest.  If  the 
movements  are  so  timed  that  e  in  curve  B  is  3>'nchronous  with  rP  in 
cun*e  -I.  then  the  resulting  comjMMiml  wave  fonn  is  illustrated  by  C. 
If,  however,  curve  B  is  supposetl  to  1m?  in  a  different  phase,  so  that  e 
is  synchronous  with  d',  then  a  form  of  wave  illustrated  by  D  will  l^e 
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obtained.  In  this  way  a  great  variety  of  forms  of  compound  wavee 
may  be  supposed  to  be  pnxluced  b}'  the  union  of  a  series  of  simple 
waves  of  different  periorls  of  vibration.  That  compound  waves  dif- 
ferfrom  siiu])le  ones  in  being  composed  of  several  series  of  vibrations 
is  indicated  directly  by  our  sensations.  When  we  listen  to  the  note 
of  a  tuning-fork  we  hear  only  a  single  tone;  when  two  or  more 
tuning-forks  are  sounded  together  the  trained  ear  can  detect  tlie  tone 
due  to  each  fork,  and  sinn]arl\'  when  a  single  note  is  soimded  by 
the  human  voice,  a  violin,  or  any  other  instniment  that  has  a  char- 
acteristic quality  the  trained  ear  can  detect  a  series  of  higher  tones, 


¥%g.  167. — Schema  by  Tfelroholt*  to  iUiutrate  the  fommtinn  of  a  conipounij  wsve 
from  two  pendulnr  wuvr^:  A  aiul  B.  [wndular  vibmtiooa,  H  hoinR  the  octave  of  ^.  If 
Kperpofted  bo  that  e  coincides  vrith  d°  bikI  the  onlinatee  ure  added  algebnue&lly.  the  non- 
poidular  mirx-e  C  u  pruduoed.  If  mperpoaed  au  thai  •  cotnciile*  with  d*  the  noo-peadulmr 
curve  />  i*  produced. 

the  upper  partial  tones,  or  harmonics,  or  overtones,  which  indicate 
that  the  note  Ls  i-eally  compound,  and  not  simple.  The  formation 
of  these  overtones  is  due  to  the  fact  that  the  sounding  body  vibrates 
not  only  as  a  whole,  but  also  in  its  alitjuot  parts,  as  may  be  repre- 
sented in  Kig.  168,  illustrating  the  vibrations  of  a  string.  When 
the  string  Is  plucked  it  vibrates  as  a  whole  (a),  giving  large  waves 
which  produce  wliat  is  calle<l  the  fundamental  tone,  but  at  the  same 
time  each  half  (6),  third  (c),  fourth  (cl),  etc.,  may  vibrate,  giving 
each  its  own  simple  tone.  The  combination  of  aU  of  these  simple 
waves  forms  a  compound  wave  whose   form   or  at  least  whoao 


eompOfiitUxi  tletermines  the  qualiU'  uf  tlie  tone  heanl.  As 
many  ft6  ten  or  sixteen  of  these  overtones  nmy  1:>e  detected  from  the 
vibrating  strings  of  a  violin  or  guitar.  When  the  period  of  xibra- 
tinn  of  these  nvert^^nes  bears  a  siui[)le  ratio  to  tliat  of  the  funda- 
mental, a  ratio  tliat  can  !>e  expreaHe<i  by  the  simple  nund>era,  1,  2, 
3,  4,  5,  they  harmonize  witli  it  and  form  the  harmonic  overtones. 
It  should  be  borne  in  mind  tlint,  so  far  as  the  tympanic  membrane 
is  concerned,  it  does  not  respond  sefjarately  to  the  single  tones 
wiiich  constitute  tlie  compound  wave,  but  swings  in  unison  with 
the  movement  of  the  compound  wave.     Nevertheless  the  internal 


Flc  I4S — To  QltLBtraM  the  tneclianifim  of  the  fnrmaiinn  of  overtooea. — (HdmkoUt.) 
In  «  lb*  nltiais  vibrmtea  mm  m  wht>lr,  kivuik  itx  fundamental  tun«;  in  b.  c,  and  if.  ita  halves, 
tlUnk*  mad  fourth*  are  vibrmtinc  indeiMndenUr-  When  a  atrinc  in.-<truok.  plucked,  or  bowed 
tbem  noranwobi  may  happeD  limiiltanaoualy  and  the  fundamental  not*  due  U>  the  vtbra- 
UoM  of  tha  wbola  Mnng  b  eombiaed  with  the  Dotaa  due  to  lb*  vibrmtiocu  ot  aliquot  puru, 
Ok*  OTHtofiea.  *rba  eombiuation  icivfM  a  compound  wave  wboae  form  and  uiuaral  quality 
vary  with  tha  mimbar  and  nlalive  slrencth  of  the  overtooaa. 


ear,  according  to  the  law  of  Ohm,  is  capable  of  analyzing  the  com- 
pound wave  fonn  into  the  series  of  simple  or  jiendular  wave  forms 
of  which  it  is  composed  and  of  distinguishing  the  series  of  corre- 
sponding tones.  While  this  analysis  cannot  be  made  consciously 
except  by  the  trained  musician,  it  is  made  unconsciously,  as  it 
were,  by  ever>'  normal  ear,  and  in  consequence  of  this  analysis  we 
recognize  the  variations  in  quality  of  different  compound  t^nes. 
The  principle  upon  which  the  cochlea  acts  in  thus  separating  the 
eompound  tones  into  their  elements  is  not  explained  with  entire 
aatisfaction.    According  to  the  ^iew  8o  admirably  presented  by 
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Hehiiholtz,*  the  analysis  depends  upon  the  existence  in  the  ear  or 
a  mechantam  for  sympathetic  vibnitinns  or  rt»«>nanre. 

Sympathetic  Vibrations  or  Resonance. — Hy  sympathetic 
vihratiou  is  meant  the  fuel  that  an  cliistif  body  is  easily  set  into 
vibration  by  movenienf,s  of  the  surronndinp;  medium  when  these 
movemetits  corresjwnd  with  its  own  period  of  vibration.  A  string 
■whose  period  of  vibration  is  128  i>er  second  will  Iw  httlc  affected 
by  vibrations  of  the  siirroimding  air  unless  tliey  liave  the  same 
periodicity  If,  however,  a  note  of  this  jx^riod  is  soiuideti  by  the 
voice,  for  instance,  the  string  will  be  set  into  vibration  with  rela- 
tive eiise.  By  means  (»f  this  jtrinciplc  the  untrained  ear  can  readily 
pick  out  the  more  prominent  of  the  npi>er  harmonics  of  any  given 
note  of  a  musical  instmment.  It  is  only  necessar>'  to  select  a  series  of 
resonators  corrasponding  to  the  series  of  overtones.  Kach  reso- 
nator is  set  into  vibration  by  its  corresponding  overtone  and  so 
emphasizes  this  particular  tone  that  it  may  be  easily  recognized. 
If  one  stands  in  front  of  a  piano  with  the  strings  expose<i  and 
sings  a  given  note  it  may  be  shown  that  a  series  of  the  piano  strings 
is  set  into  \dbration  corresponding,  in  the  first  place,  to  the  rate 
of  vibration  of  the  fundamental  tone,  and  secondly  to  the  more 
prominent  of  the  harmonic  overtones.  In  this  case  the  com- 
pound wave  strikes  upon  the  collection  of  strings  of  the  piano, 
and  is  analyzed  into  its  component  simple  tones  by  the  sympa- 
thetic vibrations  of  the  corresix)nding  strings.  Helmholtz  assumes 
that  the  cochlea  analyzes  coinpoimd  musical  waves  by  an  essentially 
similar  method. 

The  Functions  of  the  Cochlea. — The  xibratorv'  movement, 
whatever  may  be  its  fonu,  in  the  air  of  the  external  meatus  im- 
parts to  the  tympanic  membrane  a  similar  form  of  movement,  and 
this,  in  turn,  tlurtugh  the  ear  bones  and  the  membmne  of  the  fenes- 
tra ovalis  sets  the  perilymph  into  vibrations  of  the  same  fonn.  That 
the  perilymph  can  swing  or  vibnite  under  the  influence  of  the  move- 
ments of  the  stapes  is  explained  by  the  existence  of  the  second 
opening,  the  fenestra  rotunda,  between  the  middle  and  the  inter- 
nal ear  (see  Fig.  160).  As  the  membrane  of  the  fenestra  ovalis  is 
pushed  in,  that  of  the  fenestra  rotunda  is  pushed  out,  and  no* 
versa.  These  vibmtory  movements  of  the  j>erilymph  affect  the 
membranous  cochlea,  which  may  he  regardetl  as  l>eLng  sus]>ended 
in  the  |>crilyniph,  and  according  to  the  resonance  theor>"  certain 
stnictures  within  the  membranous  cochlea  are  set  into  s>*mpa- 
thetic  vibrations  corresponding  to  the  simple  waves  of  which  the 
compound  wave  is  constituted.  Helmholtz  first  suggested  that 
the  pecidiar  rods  of  Corti  fonn  the  res<:»nating  apparatus  and 
by  sympathetic  vibrations  are  capable  of  analyzing  the  compound 

*  Helmholtz,  ioc,  cU, 
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movement.  I^U*r.  liowever.  this  siif^estion  was  abaiulonod, 
mnee  the  miml»er  of  the  nxLs  is  not  sufficiently  great  jKrhups  to 
answer  the  requiremonts  of  this  theor)'.  Acconiing  to  Retzins, 
the  inner  nxls  nnmlier  5600  and  the  oiiter  ones  3850.  Moreover, 
tlwse  structures  are  al>8ent  from  the  bird's  cuclileu,  and  we  must 
amume  that  these  uniinaiii  are  raputile  of  appreciating  musiral 
sounds.  Helndioltz  then  adopted  a  suggestion  of  Heiisen's,  that 
the  l>afiilar  membrane  constitutes  the  resonating  apparatus.  This 
membrane  funiis  the  floor  of  the  membranous  coohlpa,  stretching 
from  the  linibus  to  the  opixvsito  sitk*  of  the  liony  cochlea  (Fig. 
165).  Its  middle  layer  consists  of  lii)ers^  running;  radially,  which, 
though  united  U*  one  another,  are  sufiicipntly  in<lei)oniient  to  be 
regarded  as  separate  strings.  These  fibers  in  the  portion  covered 
by  the  rods  of  (V>rti,  tlie  inner  zone  or  zona  tecUi,  are  finer  and 
more  liiineult  to  separate  than  in  the  portion  exterior  to  the  outer 
nxls,  the  outer  zone  or  zomi  |x.Ttlnata.  From  the  ba^se  to  the  a|>ex 
of  the  cochlea  the  memlsranc  increases  in  width,  the  length  of  the 
strings  in  the  outer  zone  variLng, acconiing  to Ketzius,  from  135 /i in 
the  basal  portion  to  220  //  in  the  irirldle  spiral  and  to  234  /£  at  the 
t^pex.  The  wliole  stnicture  is  estimated  to  contain  alx)ut  24,000 
strings  varying  gradually  in  length,  as  stated,  and  resembling  in 
gcnend  arrangement  the  strings  of  the  piano.  Asfltmiing  that  each 
of  these  iil^rs  has  its  own  period  of  vibration,  we  niay  imagine  that 
the  entire  collection  forms  an  apparatus  for  sympathetic  vibration 
which  is  capal»Ie  of  analyzing  each  compound  wave  motion  into 
its  constituent  simple  waves,  each  string  being  set  into  strong- 
est vibrations  by  the  wave  of  the  corresponding  period.  Mor&- 
ot'er,  it  is  implied  or  assumed  in  this  theory-  that  the  vibrations  of 
each  string  are  communicated  to  a  corresponding  ner\'e  fiber  of 
the  c<K*hlear  nerve,  through  which  the  stimulus  is  conveyed  to 
the  brain  as  a  nen'e  impulse.  We  should  \ye  capable  of  perceiv- 
ing, theoretically,  as  many  di.'^tinct  musical  tones  as  there  are 
fibczv  in  the  basilar  membrane,  while  a  compound  wave,  by  setting 
a  number  of  these  mechanisms  into  action,  gives  a  series 
of  sensations  which  are  more  or  less  fused  in  consciousness.  The 
peculiar  tjuality  or  timbre  of  the  tone  of  each  instrument  is  refer- 
able, therefore,  immediately  to  the  number  and  relative  intensities 
of  the  simple  tone  sensations  that  it  arouses.  The  fusion  of  these 
eleinentar>*  tone  sensations  into  compound  ones  of  different  qual- 
ities is  comparable,  in  a  general  way,  to  the  fusion  of  simple  color 
sensations,  with  this  exception,  however,  that  in  the  compound 
tone  sensations  we  are  capable  of  distinguishing  more  clearly  the 
fact  that  they  are  com|Ki8e<i  of  simpler  elements  ;  the  cotu-^tituent 
tones  may  lie  recognizeil  by  the  trainetl  ear  at  least.  The  mechan- 
ism by  which  the  vibrations  of  the  strings  of  the  l>asilar  mem- 


i 


378 


THE   SPECIAL   SENSES. 


brane  are  conve>'ed  to  the  hair  cells  and  through  them  to  the  nerve 
jQbers  Ls  a  matter  of  speculation  only,  as  are  also  the  functions  of  the 
remaining  parts  of  the  organ  of  Corti.  It  may  be  suggested; 
perhaps,  that  the  rods  of  Corti  and  Deiters's  cells,  together  with 
the  reticulate  membrane,  with  which  they  are  both  connected, 
form  not  only  a  sup|>orling  ajjparatus  for  the  hair  cells,  but  also 
a  mechanism  by  which  the  vibrations  of  the  strings  are  commu- 
nicated to  the  hairs  of  the  hair  cells;  but  the  suggestion  is  unaatift- 
factor>*,  as  the  anatomical  arrangement  does  not  suffice  to  explain 
how  the  vibrations  of  individual  strings  are  transmitted  to  the 
separate  hair  cells.  The  assumption  has  also  been  made  that 
the  tectorial  meinl>rj.nf;  acts  as  a  damper  to  the  vibrating  liair  cells 
or  the  reticulate  membrane.  Its  position  as  a  pad  l>Tng  over  the 
rods  of  Ojrti  and  the  reticulate  membrane  justifies  perhaps  such  an 
assumption.  Many  physiologists,  while  accepting  the  general 
principle  that  the  cochlea  analyzes  the  sound  waves  by  a  mechan- 
ism for  sympathetic  ^'ibratious.  have  been  unwilling  to  admit 
that  the  biisilar  membrane  constitutes  such  a  mechanism.  They 
point  to  the  iinprobahility  or  impossibility  of  fibers  of  only  0.36 
mm.  (or  0.5  nun.  at  the  I>e8t)  in  length  acting  as  efRcient  reso- 
nators, e8i)ecially  as  the^'  are  not  entirely  free  and  are  surrounded 
by  liquid.  Attenipts  have  been  made^  therefore,  to  select  other 
structures  in  the  cochlea  as  more  likely  to  l>e  affected  by  sjTnpa- 
thetic  vibrations.  Atterjtion  liiis  been  directcil  mainly  to  the 
tect4)rial  membrane  or  membrane  of  (Jorti.  Tiius,  Ayers*  lielieves 
that  this  structure  as  seen  in  the  usual  microscopical  prci)ara- 
tions.  is  simply  an  artefact.  Under  normal  conditions  he  liclieves 
that  it  is  a  band  of  very  long  and  delicate  hairs  projecting  from  the 
hair  cells  and  lying  free  in  the  endolymph.  According  to  his 
view,  it  is  these  hairs  that  take  up  the  vilirations  and  transmit  their 
ijiipulses  directly  to  the  hair  cells.  1'he  histological  statement  upon 
which  this  view  Ls  based  has  not,  however,  l>een  verifierL  More 
recently  \.  fclliner.t  reviving  an  older  view  of  H:iase.  has  suggested 
that  the  t<*ctorial  membrane,  especially  its  free  end,  serves  as  the 
mechanism  for  8,^'mIJathetic  \ibration.  This  membrane  increases 
in  width  from  the  base  to  the  apex  of  the  cochlea  and  varies  in 
thickness  in  itfl  radial  <liameter,  so  that  it  might  \ye  conceiveil  to 
respond  to  dilTerent  [jeriods  of  vibrations  in  it,s  different  parl«. 
its  movements  being  communicated  directly  to  the  hair  cells  upon 
which  it  rests.  Unfortunately  we  have  no  direct  experimental 
evidence  in  favor  of  any  of  these  views.  Several  ob3er\'er8.  how- 
ever, have  demonstrated  apparently  that,  whatever  may  be  the 
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\m  for  symfiathctio  vibration,  it  is  so  arrangfd  that  at  the 
he  cochlea  the  higher  notes  are  received  and  at  tlie  apex 
the  notes  of  the  lowest  pitrh.  Thus,  Munk,  in  experiments  upon 
^np*,  in  which  by  an  operation  through  the  fenestra  rotunda  he  liatl 

:royr<l  tlit*  iiasal  jiortion  of  the  roohlea,  found  that  the  aniniab. 
after  a  temjwrary  deafness  of  some  days,  rouki  iiear  ajiimrently 
only  low  tones  and  noises.  Baginsky,*  in  a  later  series  of  experi- 
ments, opeDe<l  the  bulla  ossea  on  ciich  side,  destroye<l  the  cochlea 

one  side  entirely  so  as  to  render  that  ear  deaf,  whiK-  nn  tlnotber 

injured  it  in  cert-ain  areas  only.  He  found 
that  when  the  apex  of  the  cochlea  was  des- 
troyed the  animal  appearetl  to  perceive  only 
the  high  tones,  c",  c*",  c*". 

The  fundamontal  principle  of  the  theory  of  the 
function  of  the  cc)ch!ea  ad  developed  by  Jfehnholtx 
hw  been  subjected  to  some  cnticiani.  The  theory  oi  a 
aeries  of  n^onators  each  reeponding  to  a  definite  note 
does  Dot  explain  with  entire  HatiBfaction  »oine  of  the 
known  aootutic  phenomena.  ThuH,  it  ih  known  that 
when  two  notch  an*  H<iunile<i  together  conibinationut 
tones  may  l)e  heard,  either  a  low  difference  tone  whcvH! 
pitch  U  equal  to  that  of  the  diffen-uce  between  the 
nUas  of  the  two  notes,  or  a  sunitnation  lone  whose 
pitch  !■  equal  to  the  sum  of  the  \nbration»  of  the  two 
notes.  It  i»  diflicult  to  conceive  that  these  cotnliina- 
tional  tones  have  an  objective  existence, as  vibration-*, 
■od  the  means  by  wlueh  they  are  perceived  bv  the 
eochteA  \b  not  explained  Aatii^factoruy  by  the  tfieory 
of  reeonators.  Ot^icr  iheorios  of  the  function  of  The 
oochtea  have  been  proposed  to  avoid  kucIi  diHicuhie>*. 
Thus,  EwaUi  t  Miggwttfl  a  view  arfordinp  to  wbirh  the 
bttAilar  membrane  vibrates  throughout  ius  length  for 
«ach  note.  He  t»a>  yliown  that  a  rul»l>er  tnenitjruiie  of 
the  dimensions  of  tlie  ba.«ii1ar  membrane  v\\\  be  set 
into  ftuch  vibrations  ttirou^hout  itd  len^h  and  when 
cxoimned  under  tlie  micromxjpe  prewnt*'  tiiuch  a  pic- 
ture as  is  reprr«ent«l  in  Kij;.  169.  in  which  the  crests 
of  the  waved  arc  at  a  fixetl  inten  al  for  each  tone.  If 
at  these  intervals  the  corresponding  hair  celts  and 
nerve  fibers  are  HuppoMnl  to  l>e  stinuihiled,  then  our 
«jn30ou*mcaj  would  recoKuiae  each  note  by  itw  appm- 

phate  interval.     For  the  application  of  this  iheoiy-  to  musical  harmony- 
combinational  tones  and  bcat^ — reference  must  be  mode  to  the  original. 

Sensations  of  Harmony  and  Discord. — The  combination  of 
not<-s  to  produce  variou.s  hannonies  or  inU*ntional  discords  is  a  part 
of  the  theory  of  music,  but  attention  may  be  called  briefly  to  the 
physiolog;ica]  explanation  offered  by  Helmholtz  to  account  for  the 
fact  that  certain  notes  when  combined  give  us  a  dLsagreeiible  sen- 
afttion,  appear  rough  and  unpleasant;  while  others,  on  the  contran*, 
produce  ]>lcaiULnt  sensations.     Discord  or  dissonance  is  due,  accord- 

*  Baginsky.  "Virchow's  Archiv  f.  pathol  Anat.,"  04.  65.  1883. 
t  Ewald.  "Arrhiv  f.  d.  gesammie  Physiologic.*'  76.  147.  1899. 


Fin-  Id©.— To  ii. 
lufttnite  th«  itln  of 
K  &xed  e«iund  wavf.— 
(Hwaid.)  Tho  iltu»- 
trattnn  Ethiiwn  u  (un- 
dunental  note  and  its 
firwt  overtone. 
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ing  1^)  Helmholtz.  t-o  the  heats  prixluced  when  two  dissonaut  uotee 
are  soiinde<l  together.  On  tlie  physical  side  the  l^eat, — that  is.  a 
rhythinrcal  v;iria1inn  in  the  intensity  of  the  sound, — is  due  to  the 
phenomenon  of  interft^rence.  If  the  rates  of  vibration  of  two  note& 
are  such  that  at  eertain  intervals  the  crests  of  tlie  waves  fall  to- 
gether and  again  the  crest  of  one  coincides  with  ttie  hollow^  of  the 
other,  the  sou nt\  sensations  wi  1 1  I >e  j ierio<iicaIJ>'  increased  and 
deoreiL^ed.  Wliilc  there  is  n(»  fundamental  explanation  for  the 
fact  that  a  regularly  varying  intensity  of  st)unil  is  disagreoabie,  it 
is  a  well-known  phenomenon  and  it  finds  analogies  in  the  other 
sensations, — for  instance,  in  the  very  disagreeable  effect  of  a  flick- 
ering light.  When  two  notes  arc  sounded  together  the  number  of 
beats  varies  with  the  difference  between  the  rat<^  of  vibration; 
thus,  two  notes,  one  of  128  vibrations  and  the  other  of  136  vibra- 
tions, give  8  beats  per  second.  When  the  number  of  )>eat5 
rises  to  33  ])er  second  the  discord  is  most  disagreeable;  if,  however, 
the  rate  of  interference  is  more  rapid,  the  unpleasant  sensation 
becomes  less  perceptible,  and  beyond  132  per  second  ia  not  notice- 
able. When  the  rates  of  vibrations  of  two  tones  are  such  tlwt 
neither  the  funfianiontals  nor  any  of  the  overtones  give  beats,  the 
effect  is  that  of  liaruiony^  the  vibrations  of  one  n(»te  strengthening 
thoHo  of  the  oilier.  The  most  perfect  harmony  is  that  of  a  note 
sounded  simultaneously  with  another  of  the  same  rate,  ratio  I:  1. 
or  with  its  octave,  ratio  !:  2.  The  various  intervals  which  in 
music  have  been  found  tol>e  jMsrfectly  consonant  or  which  vary  so 
little  from  it  as  to  l)e  usaljie  in  hamicmies  are  those  wh(i5e  vibra- 
tions bear  a  simple  ratio  to  each  other.  Thus,  the  octave  of  any 
not^  hiis  the  ratio  of  1 :  2,  the  double  o<rtave  1:4,  the  twelfth  1:3. 
These  tfiree  inten'als  give  absolutely  consonant  sounds.  Other 
intervals — such  as  the  fifth,  2:3,  or  the  major  third.  4:  5 — give 
a  IcAs  jxrfect  consonance.  Three  or  more  notes  bearing  such  rela- 
tions to  each  other  constitute  a  cliord,  the  vibrations  in  the 
major  chord  being,  for  instance,  in  the  ratios  4:5:6, — c'  (128), 
e'(I»i),  fr'(192). 

The  Limits  of  Hearing. — The  rates  of  vibration  that  can  be 
pcrceive<l  by  the  ear  as  musical  tones  He  between  fairly  well- 
defined  limit-s,  although  in  this  organ,  as  in  the  case  of  the  eye, 
there  are  indivnrlual  variations, — variations,  indeed,  which  are 
more  marked  in  the  case  of  the  ear.  since  its  range  of  appreciation 
is  larger.  The  lowest  rate  of  vibration  that  can  cause  a  musical 
sensation  is  iisuaH>'  placetl  at  28  to  30  i>er  second,  although  some 
ears  can  still  respond  to  an  octave  lower,  about  16  per  second.  To 
most  ears  vibrations  below  30  per  second  are  felt,  if  pexceived  at  all, 
as  single  pulses  that  stimidate  the  sensor>'  nerves  of  the  tympanic 
membrane  itself.     The  cochlea  does  not  respond.     It  may  happen^ 
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Tver,  tliat  a  vibration  too  slow  to  be  i)erceivpd  by  the  ear  will 
give  overtones  of  eufiieient  strength  to  l>e  n^'ognized.  An  inter- 
'VBting  example  in  physiology*  of  this  fart  ia  furnished  b>-  the  tone 
of  the  eontraetiii);  muscle.  As  heanl,  this  tone  corresponds  to  a 
vibration  of  40  per  second;  but  other  data  lead  us  to  l>elieve  that 
the  vibrations  of  the  contracting  nuisclep  due  to  the  single  con- 
triictions  of  which  the  comix>und  contraction  is  com|)osed,  occur 
at  ihe  rate  of  otily  10  i)er  secoufl ;  so  that  what  Ls  heard  is,  in  reality, 
the  second  octave  of  the  fundamental.  The  high  Hiiiit  of  audibility, 
on  the  other  hand,  is  usually  placed  at  40,000  double  vibrations 
per  second,  although  the  various  estimates  publisheil  var>-  so 
widely  that  in  this  resjject  there  must  be  grout  inciividual  diiTerences. 
The  shrill  notes  of  insects  arc  said  to  Ije  inaudible  to  some  eare. 
K«'jmg,  making  use  of  Kundt's  method  of  light  powders,  succeeded 
in  tuning  a  series  of  forks  to  an  estimate*!  rate  of  90,000  double 
Vibrations  per  second.  It  waa  found  that  those  l^etween  c^and  c, 
(8192  to  32,768)  were  generally  audible,  while  the  c,^,  (65,536)  was 
inaudible.  The  limit,  therefore,  lay  between  c,  and  c^^.  Notes 
near  this  high  limit  are  not,  however,  usable  in  onlinan'  music; 
the  sensations  produceil  liave  a  disagreeable,  if  not  actuall>'  paijaful 
shnllness.  The  range  of  vibrations  employed  in  music  i.^  illustrated 
by  the  seven  octaves  of  the  piano,  the  notes  var>'ing  from  the  lowest 
c  of  32  vibrations  to  c,  of  4096  \-ibralions.  The  intervening  series 
is  diWded  into  tones  wlni.se  serial  relations  to  each  other  are  ex- 
pressed by  the  ratios  J  or  V  and  semitones  of  the  ratio  H  or  ff: 
thus.  c*=  256  vibrations  and  the  d*  of  the  same  octave  corres|jonda 
to  256  X  S  -  288  vibrations.* 

^  Sec  Hvtmholtz,  Ponul  .r  Sc-ieiitific  Leoturcs,  '*  Ueb«rilie  pliyniologificheu 
tTrsocitcn  da  musikalidchcu  Uurmonic/'  Boniif  1857. 


CHAPTER  XXI. 


THE  FUNCTIONS  OF  THE  SEMICIRCULAR  CANALS  AND 
THE  VESTIBULE. 

Position  and  Structure- — The  meiiibmnous  semirircular  canals 

lie  wiiliiii  the  bony  sfitiiciruular  t-aiials,  the  space  l>etween  beiiig 
filled  with  perilyni]>h  whicti  eomimimcates  freely  with  that  in  the 
rest  of  the  laltyririth.  Witliin  the  ineinbruuous  canals  istheendo- 
iyiiiph,  which  coriunnnicates  tlirough  the  five  of)enings  with  the 
endiilynii>h  in  the  utricuhis.  The  canals  he  in  three  planes  tliat  are, 
approximately  at  least,  at  right  angles  to  one  another  (Fig.  170). 
The  horizontal  or  external  i-anab  lie  in  a  horizontal  plane  at  right 

anglei>  to  tlie  mefc'ial  or  sagittal 
plane  of  the  boily.  the  vertical 
canals  on  each  side  make  an  angle 
of  about  45  degrees  with  this 
mesial  phme.  The  plane  of  each 
of  the  anterior  canals  is  parallel  to 
that  of  tlie  posterior  or  inferior 
vertical  canul  of  I  he  opposite  side. 
as  repriJBeiited  in  the  figure.  At 
one  end  of  caeh  canal  near  its 
junrtion  with  the  iitriculus  is  the 
swelling  knowii  as  the  ampulla 
and  within  the  ampulla  lies  the 
crista  acustica  containing  the  hair 
cells  with  which  the  nerve  fibers 
communicate,  and  which,  there- 
fore, are  considered  as  the  sense 
cells  of  the  organ.  The  hair 
cells  are  cylindrical  and  each 
gives  off  a  long  hair,  consisting 
perhaps  of  a  bundle  of  finer 
hairSj  which  projects  into  the 
interior  of  the  canal  for  a  distance 
of  al  lea.st  28  /'.  The  nerve  fibers 
distributed  to  these  hair  cells  are  given  off  by  the  vestibular  branch 
of  the  eighth  nerve,  or  more  properly  the  vestibular  nerve,  one 
branch  of  which  (ramus  ulririihk-ainpullarLs)  supplies  the  utriculus 
and  the  ampulla  of  the  superior  and  horizontal  canals,  while  the 
other  (ramus  sacculo-anipullaris)  furnishes  fibers  to  the  sacculus 
and  tlie  posterior  ampulla. 
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'posi- 
tion of  the  ««iaimivuUr  cAualet  in  thv  head 
q{  ttia  bird.  On  each  aide  it  will  be  xoeti 
(hat  tho  tlirn«  cnniilM  lie  In  p)aiia<i  nl  ritclii 
iiDglnn  to  oac  anutti«r.  The  rxt^mal  or 
horicrtDtal  canalt*  iK)  of  the  two  sidn  tie 
in  tite  saijio  plane.  The  aoterior  canal  uf 
one  ••ilia  (A)  licv  iu  a  plane  parallel  to  that 
uf  ili«  no-ilerior  canal  (P)  o!  the  other  ^ide 
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Flourens's  Experiments  upon  the  Semicircular  Canals. — 
MiHiern  experimcrits  au;l  theories  conccrnini;  tlie  funetiona  uf  the 
ntnirircular  canals  date  from  the  classical  researches  of  Flourens* 
(1824).  This  investigator  laid  bare  the  canals  in  f)irds  and  mam- 
mals and  studied  the  effects  of  sections  of  one  or  more  of  them. 
ITic  experiments  Iiave  since  been  rei)eaLed  !»>■  nutuerous  ol)servers, 
and  the  results  obtained  liave  been  deschtoi  in  great  detail,  for  an 
ftccount  of  which  reference  must  be  made  to  original  suurces.f  In 
general,  it  may  be  said  that  injuries  to  the  canals  are  followed  by 
certain  more  or  less  definite  movements  i»f  the  licad,  eyes.  :tud  Uidy, 
and  by  a  disturbance  in  the  power  of  the  animal  to  co-ordiiuite  nor- 
mally the  muscles  used  in  stjiuding,  locomotion,  or  flying.  The 
ehanicter  and  extent  of  these  results  vary  with  the  number  of 
ranals  injured,  and,  indee<l,  show  a  more  or  less  ilefinite  relationship 
to  the  .several  canals.  When  the  horizontal  camd  is  nit  on  one  siile 
in  pigeons  the  animal  makes  movements  of  tlie  head  in  the  plane  of 
that  canal,  and  if  the  similar  canal  on  the  other  side  is  also  sec- 
tioned these  movements  are  more  pronounced.  The  animal  may 
lUso  in  moving  show  an  inability  to  walk  normally  and  a  tendency, 
Specially  when  excit-ed,  to  make  abnormal  forced  movements  of 
rotation  of  the  whole  l>ody.  Af t<T  such  an  operation  the  pigeon  will 
not  fly  volnntarily  and  if  thrown  into  the  air  is  not  able  to  guitle 
lis  Highi  with  accuracy  and  -sotm  descends.  Similar  oiwrations 
on  tlic  anterior  or  the  posterior  canals  cause  movement-s  of  the  head 
in  the  correspomling  planes  and  a  tendency  in  walking  or  flying 
to  make  force«l  movements— somersaults  forward  or  backward. 
When  all  three  canals  are  cut  on  one  or  both  .^ides  the  animal  shows 
a  distressing  inability  if}  maintain  a  nonnal  jtosition.  The  ficad  is 
twisted,  it  is  not  able  to  stand  unless  supi)orled,  and  any  attempt 
at  walking  or  flying  results  in  violent  forced  and  inco-ordinated 
movements.  The  animal  makes  continual  somersaults  at  each 
attempt  to  stand  or  walk  and  the  head  is  kept  in  spasmo^lic,  forceful 
movements,  which  may  prcnluce  injury-  or  death.  To  (ire.serve  the 
animal  from  injury  after  such  an  extensive  oi^cnition  it  is  necessary 
to  keep  it  wrapped  in  bandages.  It  should  Ixj  added  that  results 
of  this  charact^'r  are  obtained  only  when  the  membranous  canals 
are  injured.  If  the  bony  canal  alone  is  cut  and  even  if  the  peri- 
lymph is  removed  by  suction  no  such  effects  are  obtained.  At 
most  slight  and  relatively  transient  movements  of  the  head  are 
observed.     If  the  exjxtsed  membranous  canal  is  pricked  with  a 

•  Houivns.  "  Rficherchft*  OTp^rimentJilo.1  mir  Icfl  propri^'twt  ct  Io«  fonctionfl 
du  wUv'jne  iwrveiix.'*  pectml  ciJition.  1842, 

tThc  litemiUirp  nf  the  semicirculur  cunals  and  the  vestibule  ia  very  ex- 
tailBVe.  The  complete  bihIioKrap'iy  may  be  obtained  from  the  following 
«oun»s :  **  l>ie  Ijjhn^n  von  den  Fimktionen  dcr  einsolnea  Tiieile  des  Ohrlahy- 
rinth*/*  by  von  Stein,  1S!)4;  Richet's  "  Dictionnaire  do  Physiolo»cie."  article 
hjr  CyoD,  on  "Espace,"  1900.  EwaJd,  'Phygiolog.  Cntonuohungen  ii.  d. 
l:*iidorgau   dcff   nervus   octavxiA,"    1892. 
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needle  more  violent  movements  nesult.  aiul  if  sectioned  llicse  nmve^ 
ments  lu-e  nuvintjiined  for  a  longer  period  iind  are  accompanied  hy 
the  other  re.sidts  described.  Siinihir  effeciii  have  Ijeen  obtained 
from  opeiiitiotis  on  mammals  and  other  aniirals,  but  the  reisulta 
are  nion?  proi^ouaced  in  some  aninmls  tlian  in  others,  van*ing 
apparently  with  the  delicacy  of  tlie  co-ordiuatiou  uecessan'  to  the 
movomcnt.s  (Ewahl).  Thus,  the  nioveuientti  of  walking  or  flying 
in  the  pig(!on  may  be  assumed  to  rec|uire  a  nicer  adjustment  of  the 
muscles  usetl  than  is  necessary  in  the  swinmiing  movements  of  the 
fish,  and  in  correajK)ndence  with  tJiis  idea  it  Ls  found  that  opera- 
tions on  the  canals  of  fishes  are  not  followed  by  conspicuous  effects 
upon  the  movements  of  the  aiumals. 

Temporary  and  Permanent  Effects  of  the  Operation. — ^The 
general  effects  of  oiwrations  on  the  semicircular  canals,  so  far  as 
disturbances  of  equilibrium  ami  occurren(»e  of  forced  movements 
arc  concerned,  resemble  those  resulting  from  oix'rations  upon  the 
cerebellum,  and,  as  in  the  case  of  the  last  mentioned  organ,  it  is 
found  by  most  observers  that  if  the  animal  is  properiy  cared 
for  the  severity  of  the  first  effects  passes  off  to  a  greater  or  less 
extent.  Klourens  states  that  his  pigeons,  witfi  two  or  more  canals 
cut,  continued  to  show  the  effects  of  the  operation  almost  with  the 
same  int€nsit>"  for  nearly  a  year.  Some  unpubUshed  experiments 
made  in  the  autlior's  laboratory  have  given  different  results.* 
Pigeons  with  only  one  canal  cut  recover  practically  com])!eteIy 
within  ten  or  more  days.  Those  with  two  canals  cut  recover  nearly 
completely  within  a  month,  so  far  as  walking  is  concerned,  although 
the\-  exhibit  an  unwillingness  to  fly.  Those  with  three  or  mors 
canals  cut  never  recover  com|)let«ly,  but  their  final  condition  is  very 
different  fmui  that  exhibited  shortly  after  the  oiieratiou.  Even 
when  all  six  canals  have  been  cut  the  animal,  if  well  caretl  for  in  the 
beginning,  is  able  finally  to  stand  and  walk  and  feed  itself.  It 
is  not  able,  however.  t<j  fly,  and  in  walking  its  jirogress  Ls  uncertain; 
there  is  a  tendency  to  walk  zig/iag  or  in  circles,  first  to  one  side,  then 
to  the  other.  If  hurried  or  excited  some  return  of  tlie  violent 
movements  of  the  head  and  im-o-ordination  of  the  movements  of 
locomotion  may  be  seen.  The  partial  recovery  from  the  o()crations 
upon  the  canals  may  be  due,  however,  to  a  more  or  less  complete 
restoration  of  the  canals  to  their  former  functional  activity',  owing 
to  a  regeneration,  partial  or  conijilete,  since  a  new  section  of  the 
canals,  after  a  ye^r  or  more,  again  brings  on  the  \'iole.nt  and  dis- 
ortierly  movements  of  the  head  and  the  body. 

Effect   of   Direct   Stimulation   of   the   Canals.— The  mem- 
branous canals  or  their  ainpuilary  cnlurgeiiients  luive  l>ecn  stimu- 
lated by  many  obser\'crR  and  by  many  different  methods — electrical, 
chemical,  and  mechanical.      The  residts  of  electrical  stimulation  arc 
♦  Experiments  liisting  over  two  years  oiade  by  Dr.  IC  Roeencrantx. 
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constant  nor  striking,  but  chemical  and  especially  mechanical 
siimuUition  in  'he  hands  of  many  observers  has  called  forth  definite 
movements  of  head  or  eyes  similar  in  a  general  way  to  those  caused 
by  section  of  the  canal,  but  lasting,  of  course,  for  a  short  time  only. 
In  the  dog-fish  Lee*  finds  that  pressure  upon  an  ampulla  causes 
movementa  of  the  eyes  and  f\x\B  such  as  would  occur  normally  if 
the  aninml*sV)ody  were  rotated  in  the  jilane  of  the  canal  ytinuiluted. 

Effect  of  Section  of  the  AmpuUary  or  the  Acoustic  Nerve. — 
ilany  of  the  older  and  newer  ol>sen'ers  have  cut  one  or  both  of  the 
Acoustic  nen-es  or  destroyed  the  entire  labyrinth  on  one  or  both 
sides.  The  effects  described  varx-  somewhat  with  the  animals  used. 
but,  in  genend,  section  of  tlie  nerve  on  one  side  iti  followetl  by 
forced  movements,  esfjecially  by  rolliiig  movements  aniund  the 
long  axis  of  the  body.  When  the  nerves  are  cut  on  Imth  sides 
disturbances  in  the  power  to  nmiutain  etjuilibrium  perfectly  are 
IDore  or  less  distinctly  marked.  In  fishes  (dog-fishj  the  animal  may 
flwitn  or  come  to  rest  in  unusual  positions, — on  the  back  or  side,  for 
inatAnee. 

Is  the  Effect  of  Section  of  the  Canals  Due  to  Stimulation? — 
The  movements  that  result  from  section  of  one  or  more  of  the  canals 
have  been  attributed  by  some  authors  to  stinmlationa  set  up  by  the 
iojury  caused  l)y  the  oijemtion.  and  by  olliers  have  Inn^n  c(»nsidered 
aa  a  result  of  the  falling  out  of  the  stimuli  nonnally  and  constantly 
proceeding  fnmi  the  canals.  This  fundamental  question  has  not 
been  decided,  (^n  the  one  hand,  the  movement.s  obser\*edare  simi- 
lar to  those  causc<i  by  excitation,  whit^h  would  indicate  tliat  a  stimu- 
lation Ls  set  up  by  the  operation.  On  the  other  hand,  the  effects  are 
so  long  lasting  as  to  make  it  impnibable  that  they  arc  entirely  due  to 
the  irritation  of  the  operation.  Moreover,  (Jaglio  f  states  that  when 
the  spot  operated  upon  is  cocainized  the  siime  effects  follow.  Indeed, 
cocainizing  the  membranous  canals  gives  the  same  results  na  cutting 
them.  It  is  possible,  of  course,  that  both  processes  take  place,  an 
irritative  stimulation  and  a  falling  out  of  noniial  impulses,  the 
effects  of  the  latter  lieing  longer  lasting. 

Theories  of  the  Functions  of  the  Semicircular  Canals. — As 
Indicated  briefly  alwve.  the  fact^  regarding  injury  to  and  stinudation 
of  the  semicircular  canals  are  ver>'  numerous  and,  on  the  whole,  fairly 
conconlant.  Their  interpretation,  however,  has  offered  great  dif- 
ficulties, and  many  views  have  been  proposetl;  almost  cvcr>'  inves- 
tigator, in  fact,  has,  to  some  extent,  varied  in  his  interpretation  of 
the  precise  fimctional  significance  of  tliese  organs.^  These  views 
may  be  classified,  although  imperfectly,  under  the  following  heads: 

•  Lc*.  "Joumat  of  PhvsioloKy,"  15,  328.  IflOT. 

t  OagUo.  "Archives  ital.  debiobgie,"  31.  377.  1809. 


J  Kor  a  detiuled  and  cctmpleto  account  of  these  views  to  1892  eee  Stein, 
"Die  I^hrcn  von  den  Funklionen  der  cixelm 
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1.  The  old  view.  fii*st  proposed  W  Autenrieth  fl802>.  that  ihe 
canals  or  their  seivse  cells  ai-e  stimuhiled  l>y  sound  wave3  and  Kive 
us  the  means  of  determining  the  direction  of  sound  in  accordance 
with  their  position  in  three  planes  at  rig;ht  angles  to  one  another. 
This  view  has  been  revived  from  time  to  time  by  recent  writers, 

2.  Flourens  himself  believed  that  the  impulses  normally  proceed- 
ing from  these  organs  9pr\'e  to  mo<ierate,  or,  as  we  should  say  now, 
to  inhibit  the  movements  of  the  head.  As  soon  as  the  canals  are  cut 
the  movements  that  have  been  kept  under  control  by  their  influence 
are  unrestrained.  On  this  view  the  semicircular  canals  are 
organs  which  inhibit  or  restrain  the  voluntary'  movements,  and 
thus  take  an  essential  part  in  the  proper  co-ordination  of  such 
movements.  He  did  not  attempt  to  define  the  physiolog>'  of  the 
organs  in  terms  of  the  sensations  aroused. 

3.  The  view  that  the  stimulus  to  the  hair-cells  is  to  be  found  \n 
the  var>4ng  pressure  of  the  endolymph.  As  first  proposed  by  Gollx 
(1870),  it  was  assumed  that  the  endolymph  exerts  a  hydrostatic 
pressure  upon  the  hair  cells  which  in  any  given  position  varies  in  the 
<lifferent  ampullas  and  varies  with  different  positions  of  the  head. 
The  sensory  impulses  thus  aroused  give  us  a  knowledge  of  the  posi- 
tion of  the  head  antl  enable  us,  therefore,  to  control  its  movements 
and  also  those  of  the  body.  (Jn  this  view  these  organs  act  as  sense 
organs  in  maintaining  body  equilibrium  and  may  be  designated  as 
periphenil  sense  organs  of  equilibrium.  Later  observers  (Mach, 
Breuer,  Brown,  ct  «/.)  motiified  this  view  by  the  assumption  that  the 
hair  cells  are  stimulated  not  so  much  by  the  hydrostatic  pressure  of 
the  endolymph  as  by  the  pressure  changes  developed  during  move- 
ments of  the  head,  making  the  organs,  therefore,  a  means  of 
appreciating  especially  the  movements  of  the  head,  a  dynamic 
rather  than  a  hydrostatic  organ  of  equilibrium.  It  was  assumed 
that  rotation  movements  of  the  head  in  the  plane  of  a  canal  set  up 
a  movement  or  pressure  of  the  endolymph  in  the  opposite  direc- 
tion, just  as,  to  use  a  rough  comparison,  when  one  twirls  a  pail  of 
water  in  one  direction  the  water  lags  behind  and  exerts  a  pressure 
in  the  opposite  direction.  According  to  this  hypothesis,  which 
in  some  form  or  other  is  the  view  usually  taught,  the  hair  cells  in 
each  ampulla  are  stimulated  chiefl\-  by  movements  in  the  plane  of 
that  canal  toward  the  ampulla,  the  pressure  of  the  emlolymph  be- 
ing in  the  op|X)site  directlttn. — that  is,  innn  utriculus  towanl  the 
canal.  Moreover,  the  vertical  canals  act  in  pairs  (see  Fig.  170),  the 
suj>erioror  anterior  vertical  of  one  side  acting  with  the  posterior  or 
inferior  vertical  of  the  other  side,  the  two  canals  lying  in  parallel 
planes.  Movements  in  this  plane  forward  would  stimulate  the 
anterior  ampulla  on  f>ne  siile  r-hiefly,  moveruenis  in  the  same  plane 
backward,  the  posterior  ampulla  of  the  opposite  side.  The  horizon- 
tal canals  also  act  together,  being  stimulated  chiefly  by  rotational 
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movements  in  the  horizontal  plane,  the  hair  cells  in  one  responding 
chiefly  to  movements  in  one  direction,  the  other  to  movenienta  in 
the  8au:ie  plane,  but  in  the  opposite  direction.  Rotational 
jvements  in  other  planes — sagittal,  obliinie»  etc. — would 
Ikffect  two  or  more  of  the  pairs  of  canals  in  proportion  to  the 
degree  that  each  is  involved  in  the  movement  on  the  principle  of 
the  parallelogram  of  forces.*  By  a  mechanism  of  this  sort  it 
may  l»e  supiKJsed  that  we  are  infonned  regarding  the  plane,  di- 
rection, and  extent  of  the  movements  of  the  liead  and  are  tliereby 
enabled  to  control  these  movements.  The  canals  function  es- 
pecialiy  as  a  dynamic  organ  of  equilibrium,  but  may  also  give  us 
guiding  sensations  when  the  movements  are  progressive  rather  than 
rotational,  and  also  when  the  head  is  at  rest,  although,  as  Ls  ex- 
phiined  l»elow,  this  last  function  is  by  some  relegated  to  the  hair 
cells  of  the  utriculus  and  sacculua.  According  to  this  view,  the 
loes  of  the  power  of  maintaining  exact  etiuililirium  after  injuries  to 
the  canals  or  section  of  the  ner\'es  may  lie  explaineti  by  suppMising 
that  false  sensations  are  exiK^rienced  anfl  false  compensator^'  move- 
ments are  made.  So,  also,  the  vertigo  experienced  after  continiied 
nUation  may  1)6  attriijuted  to  abnonnal  stiriuilation  of  these  sense 
organs, — a  view  that  finds  some  support  in  Hit;  fact  that  many 
di*af-mutes,  whose  internal  ear  is  suiJjKKst^l  to  ije  deficient,  do  not 
experience  vertigo  after  rotation,  and  in  animals  with  the  labyrinth 
«lestroyed  rotational  movements  fail  to  give  the  sj'mptoms  of  vertigo. 

4.  C>*nn  has  advocated  the  view  that  the  semicircular  canals  con- 
fltitute  an  organ  for  the  perception  of  space  in  it-s  three  dimensions. 
Each  canal  or  pair  of  canals  gives  us  the  sense  of  direction  in  its  own 
plane,  and  the  fact  that  we  have  three  ptiirs  in  planes  at  right  angles 
to  one  another  gives  the  physiological  foundation  of  our  conception 
of  three  dimensional  space.    On  this  fundamental  conception  of 

are  projected  the  additional  space  conceptions  derived  from 
our  visual,  tactile,  and  muscle  senses.  ThL*J  author  is  not  sj>ccifir  in 
stating  by  what  means  the  sensor>'  cells  in  the  three  canals  are 
stimulated.  In  addition  to  the  sensations  of  direction  and  of  space 
fumishe<l  by  the  canals,  the  nerve  impulses  from  them  are  snpixjsed 
to  co-ordinate  the  action  of  the  motor  centers  concerned  in  move- 
ments of  the  head  and  botly. 

5.  Ewald,  while  accepting  the  general  \iew  that  the  sense  cells 
are  stimulated  by  the  pressure  of  the  endolymph.  lays  stress  upon 
the  fact  that  the  nene  iuijiulst^s  tbtis  anmsed  have,  as  their  main 
result,  a  reflex  effect  upon  the  tonicity  of  the  voluntary'  muscula- 
ture. Tlie  constant  flow  of  impulses  frf>tn  these  organs  ser\*es  to 
maintain  the  muscles  in  a  nornuil  condition  of  tone.  In  animals 
with  the  labyrinth  destroyed  on  l>oth  sides  the  bo<Iy  musculature 
is  flabby  and  lacking  in  tonicity.    ( >n  this  view,  therefore,  the  senu- 

*  Consult  Lcc.  loc.  cit. 
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circular  canals  constitute  what  might  \>e  called  a  muscle-tone  organ, 
and  the  obvious  disturljances  in  motion  oiused  by  their  injury  are 
due  primarily  to  a  diminution  or  loss  in  muscle  tone,  each  canal 
possibly  l)eing  reflexly  connected  with  special  muscles. 

Summary. — With  reference  to  the  kind  of  seusattun  mediate<l 
by  the  nerves  of  the  semicircular  canals,  it  should  l^e  borne  In  mind 
that  these  sensations  are  not  distinctly  recognized  by  consciousness; 
hence  the  difficulty  of  designating  them  by  a  specific  name.  (Jf 
the  many  qualities  of  sensation  or  consciousness  wliich  we  can 
distinguish  some  Jiave  characteristics  so  clear  that  we  recognize 
them  at  once  and  give  them  distinctive  names,— such,  for  instance, 
as  the  sensations  of  sight,  hearing,  taste,  etc.  Others,  howe\'er, 
produce  a  psychical  reaction  of  such  an  indefinite  character  that 
they  escape  recognition  by  mere  intros])ection.  The  change  in  con- 
sciousness is  not  suificiently  marked  to  make  itself  felt  to  the  un- 
trained mind.  This  condition  prevails  regarding  the  sensations, 
if  any,  aroused  through  the  semicircular  canals;  they  are  too 
indistinct  to  1^  re<'0gni;^ed  and  named  by  an  appeal  to  conscious- 
ness, and  it  would  seem  to  be  wiser  to  designate  them  after  the 
analogy  of  the  muscle  sensations  simply  as  semicircular  canai 
sensations.  Our  perceptions  or  ideas  of  space  and  direction  a 
possibly  founded  in  part  upon  these  reactions  and  in  part  upon 
the  muscle  sense,  visual,  and  tactile  sensations.  Our  reasoning 
with  regard  to  the  semicircular  canal  sensations  would  be  more 
satisfactory  if  it  could  be  shown  that  the  vestibular  nerve  after 
ending  in  the  brain  was  continued  foi-ward  by  sensory  paths  t 
the  cortex  of  the  cerebrum.  As  a  matter  of  fact.  sucIj  patlis  have 
not  l>eeu  demonstrutcd.  and  if  we  assDme  that  conscious  sensations 
are  mcdi:itcd  only  tlirough  the  cortex  of  the  cerebrum  we  have 
no  anatoniicul  proof  that  the  semicircular  canals  give  us  any 
reaction  in  consciousness.  The  vestibular  nerve  fillers  end  in  the 
nucleus  of  Deiters  and  the  nucleus  of  liechterew,  through  which 
reflex  connections  iire  established  with  the  motor  centers  of  the 
spinal  and  possibly  the  cranial  nerves.  There  is  a  connection 
also  with  the  nucleus  fiu>tigii  of  the  cereWlum  ami  through 
this  possibly  with  the  cerebellar  cortex,  although  this  latter 
connect  inn  has  not  been  actually  demonstrate<i.  With  regard 
to  the  influence  of  the  nerve  impulses  from  the  semicircular  canals  ^i 
upon  movements,  all  the  facts  known  seem  to  indicate  that  they^B 
play  an  important  part  in  the  regulation  or  co-ordination  of  the^^ 
movements  of  equilibrium  ami  bcomotion.  Inasmuch  as  this  gen- 
eral co-ordination  or  control  seems  to  rest  normally  in  the  ner\'ous 
mechanisms  of  the  cerebellum  and  iiuismuch  as  the  vestibular 
nerves  make  possible  end  connections  with  the  cerebellum,  to- 
gether with  the  fibers  of  muscle  sense,  we  may  assume  that  the 
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cerebellum  forms  the  brain  fentt*r  in  which  the  semicircular  cunal 
impulaea  exert  Iheir  inilueiu-e  upon  co-orilinated  muscular  con- 
tnirtions, — the  cerebeMum  forms  the  nerve  center  for  the  scmi- 
eirculAT  canals  or  the  semicircular  canaLs  form  a  peripheral  sense 
organ  to  the  cerel>elhim.  Some  such  hy|M»thesis  seems  to  he 
ncccasan'  to  account  for  the  general  similarity  Itetweeii  the  effects 
of  Icfiions  of  the  canals  and  of  the  cerebellum.  Whether  the 
impulses  from  the  canals  are  excitatory  or  inlubilor>'  or  Ixtth,  as 
regards  their  effect  upon  mus<ndar  contractions.  Ls  not  clearly 
apparent  from  the  experimental  evidence  so  far  furnished,  but 
Ewald's  su^estion  that  they  serve  to  maintain  reficxly  the  tonus 
of  the  body  musculature  is  perhaps  the  most  acceptable  \new. 
In  regard  to  the  means  by  which  these  nerves  are  normally  stim- 
uhited  there  is  also  much  room  for  conjecture,  but  provisionally 
at  least  it  seems  permissible  to  adopt  the  view  that  variations 
in  the  pressure  of  the  endolymph  upon  the  hairs  of  the  hair  cells, 
especially  in  movements  of  rotation,  constitute  the  immediate 
cause  of  their  excitation.  Granting  that  changes  in  position  or 
movement  of  the  head  may  cause  such  variations  in  pressure  the 
theor>'  offers  a  simple  and  aalisfaetor>'  explanation  of  the  mode 
nf  excitation  and  the  means  by  which  the  excitation  may  var>' 
ttfipmpriately  under  different  conditions.  While  the  emioiyniph 
theor>'  may  Ix?  criticized  eai*ily,  no  other  wjually  satisfactory  theor>' 
\m»  \hh'i\  suggested  to  tnake  its  place. 

Functions  of  the  Utriculus  and  Sacculus. — These  small  sacs 
contain  sensor)-  hair  cells  similar  in  general  structure  to  those  found 
in  the  crista  of  the  ampullarv  sacs.  The  collection  of  hair  cells  with 
their  supporting  cells  is  designat4.sl  as  the  macula,  the  macula  utriculi 
and  the  macula  sacculi,  Lying  among  the  hairs  of  the  hair  cell  are 
found  masses  of  small  crystAls  of  calcium  ciirixjnate.  the  otoliths  or 
otoconia.  In  this  respect  the  stnicttire  of  the  macula  differs  strik- 
ingly from  that  of  the  crista.  The  jxisition  and  connections  of  the 
utriculus  and  sacculus  lead  at  first  natundly  to  the  supposition  that 
thc>*  arc  stimulated  by  the  sound  waves  of  the  |>erilymph  and  are, 
therefore,  concerned  in  the  fiuu-tion  of  hearing.  The  accepted 
views  regarding  the  functions  of  the  cochlea  in  hearing  make  this 
organ  suiTicient  for  all  uu<litory  purposes  and  there  is  no  s[XK'ific 
part  of  this  process  that  need  l>e  attributed  to  the  vestibular  sacs. 
It  was.  indeed,  at  one  time  suggested  that  their  structure  adapts 
them  to  respond  especially  to  short  and  irregular  \*ibrations,  but 
no  cogent  reasons  or  facts  have  been  arlvanced  to  support  this 
\iew.  The  fact  that  the  sacs  are  set  closely  connecte<I  with  llie 
semicircular  canals  suggests  rather  that  the  fimctions  of  these  organs 
are  similar  and  Uiat  like  the  canals,  therefore,  they  influence  the 
contrmctions  of  the  muscles  and  function  as  organs  of  equilibrium. 
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Iknclbn,  the  fuDctiow  of  the 
UmA  tixae  latter  met  egptKAaJh-  m  nmiwniKi  of 
i»  ■omrtmifg  exfrnaed,  tiie  AAes  fofm  a  atatir  aod  the 
WtTTtf^  org/ui  <A  wyiffihnmiL  Aeoonfing  to  tlMi  yxm. 
ad  aa  a  means  of  nwdianacal  wtamoiatinn  ctf  tlie 
heavier  than  the  endotxiDph,  they  pran  upon  the  haiis  with  a  iont 
varyini;  with  the  pontkm  of  the  head  and  thus  ghne  hse  to 
or  reflrKOi  which  are  a/lopted  to  the  maintenanee  of 
fftoce  the  piano  of  the  two  sztCB  are  different,  they  noay  be 
eotly  affected  by  the  aaine  pceitiotn  or  movement.  So  aloo  in  pn- 
pcmlve  movementM  forwani  the  wei^t  of  the  otoGths  mar  be  tm- 
a^^ned  to  exercLK  a  stresB  of  aoroe  eort  upon  the  hairs.  This  theocy 
hju  \)een  i\w.  «iil>ject  of  much  investigationr  numcfous  expennnU 
h/ivinic  Ufn  m.'ulc  chiefly  upon  fohes  and  invertebrates^*  Areord- 
tD((  to  Moriif  oliM^rvcm  dcMtruction  of  ihesse  saca  or  sertioc  of  tlnr 
nervex  in  nrroinpiiiiieii  by  a  diatLoct  interference  with  the  fiiA's  lUl^ 
mnl  cy|uttiliriunn:  the  animal  swims  at  times  upon  its  bock  or  side 
nii'l  ttp|mn»Mlly  Iomck  its  normal  menns  of  judpinp  correctly  its  por- 
tion. In  rnuny  invertebrates  there  is  prep^>nt  a  sac.  known  as  the 
otooyMt,  conUiiriinK  hair  ^ells  and  otolitlu).  Its  structure  resembles 
thftt  of  the  vcHtihiilar  suca  of  the  mammalian  ear^  and  it  has  been 
aMMiimcil  tlukt  it  hjtx  u  similar  function.  Experiments  by  numerous 
olMu>rvf»rM  havo  indicated  that  when  the  otolitliii  arc  Pemove<l  ibe 
animui  whowM  (hMturbanncs  in  e<-|uililjrium,  particularly  in  the  matter 
of  the  c(Hiif)«»iiH/ilj)ry  nu»vL'tneiitH  exluiiiteti  during  rotation.  Othera, 
however,  ^W.uy  thtwe  fucOiarid  state  tlmt  invertebrates  without  oto* 
cyHtii  mako  compensatory  movements  when  rotated  and  that  in 
thow  witli  ^iNwysU  {•oiii[)onsjitorv  movements  and  maintenance 
noniuil  ('(inilibriiitn  ptTsiHt  after  dcstnirtion  of  the  sacs.  A  very 
hiKiMiiouM  rvptTJiiuMit  rofH>rtc(niy  IvreidI  seems  to  show  that  the 
litliH  muy  nITct't  the  hairn  hy  their  weight.  When  the  pala^mon, 
rnirtidri'iii^  inolUs  it  caMtM  off  the  inner  lining  of  the  otocyst,  together 
with  (ho  iihilithfl.  The  otorysts  Jn  these  animals  lie  at  the  base  of 
the  ujttJ'tmuh'M  unW  «iiM*n  fnM!ly  to  the  exterior.  After  moltiug  the 
animal  by  monnHnf  It^  rlawKplarcs  tine  grains  of  sand  in  the  otocyst 
to  art  an  otoliilm  Taking  advaittage  of  this  peculiarity.  KieidI 
pltttMnl  tho  unimul,  after  molting,  ujxin  finely  powdered  iron,  with 
the  poHtih  (hat  Homo  of  thr  iron  grnnulca  were  deposite<l  in  thento- 
•  t'lmKiiU  tho  fiillnwiiijj  pi^iM^rx:  S-waJI.  "Joumftl  of  Ph>*Hiology, "  4,  339g 
IHKI;  I/M*.  ihiti.,  \h,  'M\.  \S\\\\,  rtfii)  'Amoriran  Journal  of  Physiologr/ 
law.  IHUH;  Uyou,    'Amvrivuu  Journal  of  Phj'siology. "  3.  86,  1900. 
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c\-8t  in  place  of  the  usual  grains  of  sand.     When  now  a  magnet  was 

brought  near  to  the  animal  reactions  were  obtained  which showe<i 

that  the  pressure  of  the  iron  uj)on  the  hairs  influence*!  its  pfisitiou. 

The  position  taken  by  the  animal  under  these  couditiims  was  such 

as  would  he  expected  as  a  resultant  of  the  forces  of  mugnetisn)  and 

gra^it\^  and  the  experiment,  therefore,  justifies  the  hypothesis  that 

under  normal  conditions  gravity  affects  the  otolitiis  and  through 

them  the  muscular  co-ordination  of  the  animal.     These  experiments 

have    lieen    confirmed    by    Preritiss.*    This    author    has    .sliown, 

moreover,  that  if  larval  loljsters  (4th  stage)  are  prevente<J  from 

obtaining  otoliths  after  moulting  by  placing  them  in  filtered  sea- 

wat^r.   their  movements,   like   those  of    larva*  deprivetl  of   their 

oiocysts.  show  a  distinrt  inr*tability  and  lack  of  normal  orientation. 

•  I'rpnlwa.     'JliilletiD  of  Museum  of  Coniparative  Zoology,'*    Hurvard. 
IVK)I.  xxxvi..  No.  7. 


SECTION  IV. 
BLOOD  AND  LYMPH. 


CHAPTER  XXIL 

GENERAL  PROPERTIESt   PHYSIOLOGY  OF  THE 
CORPUSCLES. 

The  blood  of  the  body  is  contained  in  a  practically  closed  sj'stera 
of  tubes,  the  blood-vessels,  within  wtiicli  it  Ls  kept  circulating  by  the 
force  of  the  heart  beat.  It  is  usually  sf>oken  of  aa  tiic  nutritive 
liquid  of  the  body,  but  its  functions  may  be  stated  more  explicitly ,  al- 
thougli  still  in  quite  general  tenns,  by  saying  that  it  carries  to  the  tis- 
sues foodxtufls  after  they  have  !>een  pmperly  prepared  by  the  diges- 
tive organs;  that  it  transports  to  the  tissues  oxygen  absorbed  from 
the  air  in  the  lungs ;  that  it  carries  off  from  the  tissues  various  wnsXe 
products  fonne<l  in  the  processes  of  disassimilation ;  that  it  is  the 
medium  for  the  transmission  of  the  internal  secretion  of  certain 
glands;  and  that  it  aids  in  wiualizing  the  temf)erature  and  water 
contents  of  the  body.  It  is  quite  obxnous,  from  these  statements, 
that  a  complete  consideration  of  the  physiological  relations  of  the 
blood  would  involve  substantially  a  treatment  of  the  whole  subject 
of  physiology*.  It  is  proposed,  therefore,  in  this  section  to  treat  the 
blood  in  a  restricted  way, — to  consider  it,  in  fact,  as  a  tissue  in  itself, 
and  to  study  its  composition  and  properties  without  special  reference 
to  its  nutritive  relationship  to  other  parts  of  the  body. 

Histological  Structure. — The  blood  is  composed  of  a  liquid  part, 
the  plasnuj,  in  which  float  a  ^ast  mmiber  of  microscopical  lx>dies.  the 
blood  corpuscles.  There  are  at  least  three  different  kinds  of  cor- 
puscles,  known  respectively  as  the  red  corpuscles  or  erythroc_vte8;] 
the  w'Ai7f  corpTisdes  or  leucocytes,  of  which  in  turn  there  are  a' 
numl>er  of  diffei*cnt  kinds;  and  the  hlonti  ])!atefi.  Blood-plasma, 
when  obtained  free  from  corpuscles,  is  perfe<'tly  colorless  in  thin 
layers. — for  example,  in  microscopical  preparations;  when  seen  in 
large  quantities  it  shows  a  slightly  yellowish  tint,  the  depth  of 
color  var>'ing  with  different  animals.  The  red  color  of  blood  is 
not  due,  therefore,  to  coloration  of  the  blood-plasma,  but  is  caused 
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by  the  ma^  of  rod  corpuscles  held  in  suspension  in  thin  liquid. 
The  proportion  by  bulk  of  plasma  to  corpuscles  is  usually  given, 
roughly,  as  two  to  one. 

Blood-serum  and  Defibrinnird  Rlood.~\r\  connection  with  the 
expluimtioii  of  the  term  "  bIiM>d-pliiaina  "  just  ^iven  it  will  be  con- 
venient to  define  briefly  the  t4?rms  **  hlood-serum  "  and  "deiibrin- 
&led  blood."  lilooil,  after  it  escapes  from  the  vessels,  usually  clots 
or  coagulates;  the  nature  of  this  process  is  iliseussed  in  detail  on 
page  426.  The  clot,  as  it  forms.  pra(hially  shrinks  and  squeezes  out 
a  clear  liquid  to  which  the  name  hUHxl-str^tm  is  f^iven.  Senim  re- 
sembles the  pbismu  of  normal  bltKxi  in  general  appearance,  but  dif- 
fers from  it  in  composition,  as  will  Ijc  explaine<i  later.  At  present 
we  may  say.  by  way  of  a  prelimimir)*  definition,  that  blood-serum  is 
the  liquid  part  of  blood  after  coapdation  has  taken  place,  as  blood- 
plasma  is  the  liqiiid  part  of  blood  l^efore  roa^dation  has  tiiken  place. 
If  shed  blood  is  whipjxMi  vigonHisly  with  a  n>d  or  some  similar  object 
while  it  is  clotting,  the  essential  jwirt  of  the  clot— namely,  the  fibrin 
— fonns  differently  from  what  it  does  when  the  blooti  is  allowed  to 
coagulate  quietly;  it  is  depoeiteti  in  shreds  on  the  whipper.  Blood 
that  has  been  treate<l  in  this  way  Ls  kno^^Ti  as  defihrimtied  hlo<td.  It 
cnnsists  of  blood-senim  plus  the  re<l  and  white  corpuscles,  and  as  far 
afl  appearances  go  it  re^nddes  exactly  normal  bloo<l;  it  has  lost, 
however,  the  power  of  clotting.  A  more  complete  definition  of 
these  terms  will  be  given  after  the  subject  of  coagulation  has  been 
treated. 

Reaction  of  the  Blood. — When  test^rl  with  litmus  or  lakmoid 
paper  blood  gives  an  alkaline  reaction.  This  reaction  is  attributed 
to  the  sodium  caHK)nate  in  solution  in  the  plasma,  and  the  amount 
of  the  alkalinity  has  l>een  iletemiined,  therefore,  by  titration  with 
a  we«k  acid,  such  as  tartaric  acid.  The  acid  is  employed  in 
a    known   strength — one   two-hundredth    or  one  four-hundredth 


norma]  solution, 


"aoo  ^^  400 


that  is  the  solution  contains  in  each 


^^^  200  ^^  400  ^^  ^^®  number  of  grams  represented  by  the  molecular 
weight  of  tartaric  acid  (C^HeOg'^  150).  A  solution  of  this  strength 
is  abided  to  a  knowTi  quantity  of  blood  until  the  soilium  oarlx>nal^ 
is  all  neutralized,  the  end  of  the  reaction  l>eing  determined  usually 
by  one  of  the  recognized  indit^ators,  such  as  litmus  or  Iakmoi<l. 
Tested  in  this  way.  it  has  l>een  found  tliat  the  alkalinity  of  the  blood 
corresponds  to  that  of  an  aqueous  solution  containing  from  0.2  to 
0.3  per  cent,  of  8o«hum  carUinate.  Much  attention  has  been  paid 
to  the  variations  in  the  alkalinity  of  the  blood  in  different  diseases, 
as  also  under  vim'ing  conditions  of  nonnal  life,  and  in  consequence 
many  methods  for  determining  this  alkalinity  have  Ijeen  suggested 
with  reference  to  their  clinical  application,  these  methods  l>eing 
eharBcterized  by  the  fact  that  but  little  blood  is  employed.    The 
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methods  differ  iimoiig  themselves  chiefly  in  the  means  lis 
detemiine  tlie  jwint  of  neutralization  of  the  blood  by  the  acid 
ad(ic*I.  In  some  methodic  litmus  is  employed,  in  others  lakmoid. 
and  in  one  (Dare's)  the  end-reaction  is  determined  spectroscopically 
on  the  belief  thiit  the  churucteristic  absorption  spectrum  of  oxy- 
hemoglobin (p.  41)8)  disappears  at  the  point  of  neutralization.* 
In  reference  to  tliis  subject  of  (he  reaction  of  the  bIo(xJ  and  of  the 
tissues  of  the  body  generaUy  a  difference  in  terminology'  prevails 
at  present  which  tends  to  confuse  the  beginner.  Some  writers  use 
the  term  alkalinity  in  the  sense  of  titration  alkalinity  to  indicate 
that  the  blocj<l  will  neutralize  a  certain  amount  of  weak  aeid  added 
to  it.  Others,  however,  employ  the  tenn  in  it«  strict  sense,  as 
developed  by  motlem  physical  chemistr>%  to  indicate  an  excess  of 
hydroxyl  ions  ((_)H — ).  From  the  latter  standpoint  a  solution  is 
alkaline  when  it  contains  a  substance  or  .substances  which  upon 
dissociation  yield  an  excess  of  hydroxyl  ions, — sodium  hyrbT>xid, 
for  example,  which  on  dissociation  gives  Na+  and  OH — ,  or  sub- 
stances, such  as  sodium  carbonate,  which  give  rise  to  hydroxyl  ions 
by  reaction  with  water. 

In  a  Kolution  uf  sodium  carbonate  we  may  anume  that  some  of  tlw 
molecule*!  itisKooialo  inlti  tKt*  ions  Xa  -f ,  Na  f ,  and  C{\  ^.  and  thai  the  anion. 
t'Oj  — .  reacts  with  tlie  dispociuted  molcMiules  of  water.  H  -r.  HO— .giviug 
HfX-)^  —  and  (>U  — .  There  will  be  present  in  the  t-olntion,  tlierefore.  tlip 
following  iorw.  Na  -r,  OH  — ,  and  Na  -^.  HCO^  — ;  and  the  presence  of  the 
hydroxyl  ioH  confers  upon  tlie  Molutiou  its  alkaline  reaction  autl  pnjjxrties. 
Id  such  a  solution  of  a  slron^  hose  with  a  weak  acid  the  alkaliniry,  tliai  i*. 
exceiis  of  OH  — ,  cannot  be  determined  by  lilrution  witli  an  acid  stronger 
than  carbonic  acid.  If  tartaric  acid  in  added,  (vr  inHlance,  the  acid  will  not 
only  give  its  H  r  to  combine  with  the  t)H  — .  but  its  own  anion  will  combinr 
with  all  of  the  dissociated  Na  r  ;  conumjuently  more  Na/'O,  will  bediBsociateti. 
and  thi^  reaction  i^iMn*  on,  if  sufficient  acid  in  used,  until  all  of  the  i^oilium 
carbonate  is  dcstniy**d.  To  determim-  the  excess  of  hydn>xyl  ion?*  in  such 
a  eohUion  a«  h|<jod  it  is  necesAurj'  to  make  use  of  the  methods  of  physical 
chemistr>-.  Those  who  have  emplo^-ed  tlie.*e  mtlhotlftt  report  that  blood 
contain.^  no  greater  quantity  of  hydroxyl  ions  than  pure  water,  and  must, 
therefore,  be  reckoned  m  a  neutral  liquid.  Thip  conclusion  iB  corn*boratc*i 
furllier  by  the  fact  that  with  gonio  indicators — e.  g.,  phenolphthalein — the 
blood  does  not  ^ive  an  alkaline  reaction.  In  fact,  the  sodium  in  llic  blood 
behaves  substantially  as  if  it  were  pretent  as  the  bicarbonate,  NaHC'Oi, 
whose  dissociation  would  be  represented  by  the  two  ions  Na -f .  HClX — . 
The  many  ob«er\*ations,  thnrefore,  which  have  been  made  by  titration  ot  the 
blood  must  l>e  considered  vi»  not  pivinp  its  variations  in  alkalinity,  but  rather 
the  variations  in  the  amount  of  alkah.  Na.  in  cnmliinulion  with  weaJc  acids, 
■uch  as  enrlxtnic  or  phosphoric  acid  or  with  the  l^Ioo<i-p^otpin8.  The  result* 
represent  what  has  been  called  the  "titration  aikalinily"  of  the  blood  and 
»re  useful  in  l!ie  information  they  furnish  re^rding  the  capacity  of  the  blood 
to  carry  carbon  dinxid  isee  Respiration),  or  to  neutralize  tite  acid  products 
formed  durinp  normal  metnholism  and  especially  during  the  abnormal  metalv- 
oUsm  of  many  diseased  eunditions. 

Specific  Gravity. — The  sijecufic  gravity  of  human  blood  in  the 
adult  male  may  varj'  from  l.()41  to  1.007,  the  average  being  about 

*  For  an  account  of  these  methods  see  Simon,  "A  Manual  of  Clinical  Diag- 
nosis," 1904. 

tFraenckel,  "Archiv  f.  d.  gesammte  Physiologie,"  96,  601.  1903;  and 
H5ber.  ibid.,  99,572. 
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1.055.  The  most  satisfacton*  inethoti  of  iletcrmining  this  factor  is, 
of  course,  to  compare  the  weight  of  a  known  volume  of  Ijlood  with 
that  of  An  equal  volume  of  water,  but  for  ol>ser\'ations  upon  human 
beings  such  small  <]uantitie,s  of  blood  must  be  used  that  recourse  must 
be  had  usually  to  a  more  indirect  method.  Perhaps  the  simplest  of 
themetho*is  suggested  is  that  devised  by  Hammerschlag.*  In  this 
method  a  mixture  is  made  of  chlonjforni  (sp,  gr.,  1.520)  and  benzol 
(sp.  gr.,  0.S89).  The  mbcture  is  made  in  such  jm>iK)rtions  as  to 
have  a  sjjerific  gravity  of  about  1 .055.  A  drop  of  l>lood  from  the 
6nger  is  shaken  into  this  mixture;  if  the  drop  sinks  to  tlie  bottom 
it  is  exndent  that  the  specific  gravity  of  the  blooii  is  higher  than  that 
of  the  mixture,  and  the  reverse  is  true  if  the  dn>p  rise*i.  By  adding 
more  of  the  chloroform  or  of  the  l>enzol,  as  the  c^use  may  l)e,  the 
specific  gravity  of  the  mixture  may  be  ([uickly  altered  so  as  to  be 
equal  to  that  of  the  drop  of  bhxxi,  wliich  will  then  Hoat  in  the  litjuid 
without  a  rlistinct  tendency  to  rise  or  fall.  The  8i>ecific  gravity  of 
the  mLxture.  which  is  also  that  of  the  blood,  is  then  determined  by  a 
suitable  hydrometer.  By  the  use  of  such  methods  it  has  been  foundf 
that  the  8f>ecific  gravity  varies  with  age  and  with  sex;  that  it  is 
duuinished  after  eating  and  is  increased  after  exercise;  tliat  it  has  a 
diurnal  variation,  falling  gradually  during  the  day  and  rising  slowly 
during  the  night;  and  that  it  varies  greatly  in  individuals,  so  that 
a  Sjiecific  gravity  which  is  nonual  ff»r  one  may  l)e  a  sign  of  diso^ise 
in  another.  The  specific  gravity  of  the  corpuscles  Is  slightly  greater 
than  that  of  the  plasma.  For  this  reason  the  corpuscles  in  shed 
blood,  when  its  coagiilation  is  prevented  or  retarded,  tend  to  settle 
to  the  t>ottom  of  the  containing  utensil,  leaving  a  more  or  less  clear 
layer  of  supernatant  plasma.  Among  themselves,  also,  the  cor- 
puscles differ  slightly  in  specific  gravity,  the  red  corpuscles  being 
heaviei*t. 

Red  Corpuscles.— The  red  corpuscles  in  man  and  in  all  the 
mammalia,  with  the  exception  of  the  camel  and  other  members  of 
the  group  Camelida'.  are  biconcave  cirruliir  ^liscs  or,  according  to 
flDQie  authors,  bell-shapeil  corpuscles  without  nuclei;  in  the  Cam- 
•lichr  they  have  an  elliptical  form.  Their  average  diameter  in 
man  is  given  as  7.7  /<  (1  //  —  0.001  mm):  their  numl^er,  which 
is  usually  re*'koned  as  so  many  in  a  cubic  millimeter,  varies  greatly 
under  different  conditions  of  health  and  disease.  The  average 
number  is  given  as  5.0(K).000  per  c.mm.  for  males  and  4,500,000  for 
females.  The  red  color  of  the  corpu.scjes  is  due  to  the  presence  in 
them  of  a  pigment  known  as  "hemogloi>in."  Owing  to  the  minute 
size  of  the  corpuscles,  their  color  when  seen  singly  under  the  micro- 
scope is  a  faint  yellowish  red.  but  when  seen  in  mass  they  exhibit 
the  well-known  blood-red  color,  which  varies  from  scarlet  in  arterial 

•  Hammertchlag.   ■  Zcitschrift  f.  klin.  Med./'  20,  444.  1892. 
t  Sw  Jonw,  "  Journal  of  Physiology,  "  12,  299.  1891. 
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lilood  Ui  purplish  red  in  venous  hhiod,  this  variiition  in  color  beil 
<lependent  ujmn  the  amount  nf  oxygen  contained  in  the  l)lood  in 
combination  with  the  hemog!ol>in.  Speaking  generally,  the  func- 
tion of  the  red  corpuscles  is  to  carry  oxygen  from  the  lungs  to  the 
tissues.  This  function  is  entirely  dependent  upon  the  presence  of 
hemoglobin^  which  has  the  power  of  combining  easily  with  oxygen 
gas.  The  physiology*  of  the  red  corpuscles,  therefore,  is  largely  con- 
tained in  a  dcscri]ition  of  the  properties  of  hemoglobin. 

Condition  of  (Ac  Henwgiohin  m  the  Corjmsdc. — The  finer  structure 
of  the  red  corpuscle  is  not  completely  known.  It  is  usually  stated 
that  the  corpuscle  is  composed  of  two  substances,  stroma  and  hem- 
oglobin, together  with  a  certain  amount  of  water  and  salts  and 
also  a  certain  amount  of  lecithin  and  cholpst-erin.  The  stroma  is  a 
delicate,  extensible,  colorless  sul»stance  that  gives  shape  to  the 
corfKisides:  it  forms  a  meshwork  or  spong>'  mass  in  which  the 
hemoglobin  is  tleposited.  This  latter  suKstance  forms  the  chief 
constituent  of  the  corpuscle,  since  it  makes  alxiut  '.i2  per  cent,  of  the 
weight  of  the  normal  corpuscle,  and  when  dry  from  90  to  95  per 
cent,  of  the  total  solid  material.  According  to  another  view  the 
corpuscles  are  vesicles  with  an  external  envelope  or  pelUde  in 
which  lecithin  and  cholesterin  are  found,  while  the  hemoglobin  is 
contained  within.*  Whichever  view  may  be  correct  great  intei'est 
attaches  to  the  presence  of  the  lecithin  and  cholesterin,  whether 
these  sub-stances  are  found  in  an  external  membrane  or  in  a  stroma 
permeating  the  corpuscle.  According  to  Puscucci  the  le<*ithin  and 
cholesterin  constitute  as  much  as  30  per  cent,  of  the  dr)'  weight  of 
the  stroma,  that  is,  of  the  portion  of  the  corpuscle  left  after  re- 
moval of  the  hemoglobin.  Such  a  large  proportion  of  these  two 
substances  is  not  founil  elsewhere  in  the  \yody  except  in  the  myelin 
sheath  of  the  nerve  filjei*s.  It  is  believed  that  they  play  an  impor- 
tant role  in  maintaining  the  integrity  of  the  corpuscles.  Another 
point  that  remains  vuicertain  is  the  condition  in  which  the  hemo- 
globin ejcists  within  the  corpuscle.  It  is  evidently  not  in  solutioQ. 
since  the  amount  present  is  too  great  to  l>e  held  in  solution  in  the 
corpuscle,  and.  moreover,  even  a  thin  layer  of  corpuscles  is  far 
from  l)eing  transparent.  Nor  is  it  deposited  in  the  form  of  crystals. 
It  is  assumed,  therefore,  that  it  i.s  present  in  a  peculiar,  amorphous 
form,  and  CJamgee  has  shown  that  fn>m  its  aqueous  solutions  the 
hemogkilVm  ran  be  obtaineil  in  an  limorphous  state  by  the  action 
of  an  electrical  current.  It  Is  protected  from  the  action  of  the 
water  within  find  without  the  corpuscle.  In  various  ways,  how- 
ever, the  relatif)ns  of  the  hemoglobin  within  the  corpuscle  may  be 

•  For  recent  discuBBions  iif)on  the  histological  structure  of  the  corpuscles. 
see  Weidenreich,  "Anatom.  Anzeiger, "  1905,  xxvii.,  683;  Ruucka,  itnd., 
xxviii.,  453;  Schiifer,  ibid.,  1905,  xxvi,,  589. 
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tirbetl;  so  that  it  escapes  und  entet-s  into  solution  in  tho  p!astna. 
Blood  in  which  this  hixs  happened  suffers  a  change  in  colnr.  l>e- 
coming  a  dark  crimson,  and  is  therefore  known  as  "laked  blood." 
I^ake<l  UIockI  in  thin  layers  is  (|uite  transpai-ent  compared  with 
the  nomml  lilood  with  its  opaque  corpuscles. 

Hemolysis. — ^The  act  of  discharging  the  henioglohin  from  the 
corpuscles  so  that  it  becomes  dissolved  in  the  plasma  is  designated 
as  hemol>T?is.  and  substances  that  cause  this  action  are  spoken  of 
as  hemolytic  agents.  A  number  of  such  agents  are  known;  but, 
although  the  residt-s  of  their  action  are  the  same,  so  far  as  the  hemo- 
globin is  concerned,  the  way  in  which  they  bring  alK>ut  this  re-sult 
must  vary  greatly.  Some  of  the  known  methods  of  producing 
hemolysis,  or  rendering  the  blood  "laky,"  are  as  follows:  (1) 
By  the  addition  of  water  to  the  blood  or  by  diminishing  in  any  way 
the  concentration  or  osmotic  pressure  of  the  plasma.  (2)  By  add- 
ing ether  or  chloroform.  (3)  By  adding  bile  or  solutions  of  the  bile 
salt«.  (4)  By  adding  aniyl-aleohul.  (3)  By  adding  the  serum 
from  the  blood  of  certain  animals.  (6)  By  adding  saponin  or 
aajKitoxin.  (7)  By  the  addition  of  an  excess  of  alkali.  (8) 
By  various  toxins  found  in  snake  venom  or  in  the  serum  of  other 
aoinmls  or  among  the  products  of  bacterial  activity  (natural 
hemolysins)  or  by  similar  organic  substances  pHxIuced  within  the 
Ijody  by  the  process  of  immunizing.  Two  of  these  methods  de- 
mand es(?ecial  mention,  as  they  involve  the  consideration  of  proc- 
esses of  great  physiological  importance. 

Hrmolynia  Caused  by  Lowering  the  Osmotic  Pressure  of  the  Plasma, 
— ^The  blood  corpuscles  contain  a  certain  amount  of  water  { 57  to 
64  per  cent.),  an  amount  insufficient  to  discharge  the  hemoglobin. 
We  may  imagine  that  the  osmotic  jjressure  witliiu  the  corpuscle  is 
such,  comfiare<I  with  the  osmotic  pressure  exerted  by  the  salts  in 
the  plasma,  tliat  a  water  e(|uilibrium  is  established,  and  that, 
although  water  molecules  diffuse  into  and  out  of  the  corpuscle, 
the  exchange  is  erpial  in  the  two  directions.  If,  however,  the 
outside  plasma  is  dihiteri  by  the  addition  of  water  to  any  considei^ 
able  extent,  then  the  osmotic  pressure  outside  the  corpuscles  is 
correspondingly  reduced,  while  that  within  the  corpuscles  is 
unchanged.  Conse*|uentIy  an  increased  amount  of  water  will 
pass  into  the  corpuscles,  sufficient,  in  fact,  to  discharge  and  dissolve 
the  hemoglobin.  It  is  evident,  therefore,  that,  in  injecting  liquids 
into  the  circulation,  or  in  diluting  blood  outside  the  body,  care 
must  be  taken  not  to  use  solutions  whose  osmotic  pressure  is 
markedly  less  than  that  of  blood-plasma,  othendse  many  of  the 
red  corpuscles  may  be  destroyed.  Solutions  whose  osmotic  pressure 
is  the  same  as  that  of  the  plasma  are  said  to  be  isosmotic  or  isotonic 
with  the  blood,  those  whose  pressure  is  lower  are  desigtmted  as 
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hypotonic,  anil  those  whose  pressure  is  hi«rher  as  hypertonic^ 
The  salt  that  is  cont-ained  in  the  plasma  in  largest  amonntfi  is 
sodiiim  chlorid.  In  making  isotonic  sohitions  this  salt  is  there- 
fore generally  employeri.  A  soUition  containing  nine-tenths  of 
1  per  cent,  of  sodium  chlorid  (NaCI,  0.9  per  cent.)  gives  the 
same  osmotic  pre.ssi:re  as  plasma  as  determined  by  the  effect  of 
each  on  the  lowering  of  the  freezing  point  (see  appendix,  Diffusion, 
Osmosis,  and  (Osmotic  Pressure).  Such  a  solution  mixed  with  blood 
should  not  and  does  not  alter  the  w^ater  contents  of  the  corpuscles. 
One  may,  in  fact,  use  a  0.7  per  cent.sohition  of  sodium  chlorid  with- 
out causing  any  noticeable  hemolysis,  and  this  strength  of  solution 
is  generally  employed  in  infusions  and  experimental  work;  it  con- 
stitutes what  is  known  in  the  laboratories  as  normal  saline  or  physio- 
logical saline.  If,  however,  one  uses  a  lower  concentration  some  of 
the  corpuscles  are  hemolyzed,  and  the  number  of  corpuscles 
destroyed  and  the  rapidity  of  the  hemolysis  increase  ra]>idly  with 
the  lowering  of  the  osmotic  pressure.  While  a  0.7  per  cent,  solution 
of  sodium  chlorid  sulfices  in  most  cases  for  infusions  and  for  diluting 
blood,  it  does  not  entirely  replace  the  normal  plasma  or  serum,  since 
the-se  liquids,  in  aiklition  to  the  sodium  sjilts,  contain  salts  of 
calcium,  potassium,  magnesium,  etc.,  efich  of  which  has  doubtless 
a  certain  specific  importance.  In  fliluting  blood  outside  the  body, 
when  the  tlihition  is  large,  better  results  are  obtained  by  using  what 
is  known  as  Ringer's  mixture,  wliich  consists  of  the  physiological 
saline  solution  plus  small  amounts  of  potassium  and  calcium 
chlorid.     One  formula  for  Ringer's  solution  is: 

Sodium  clilnrid 0.7      per  rent. 

Calcium  (lilorid 0.026    "       " 

Potassium  chlorid 0.03      "       " 

Hemolysis  Cnn^ed  by  the  Action  of  Hcmdysins. — It  has  long  l>een 
known  that  the  serum  of  one  anhnal  may  destroy  the  red  corpuscles 
of  another  animal.  Thus,  rabbits'  blood  corpuscles  added  to  the 
clear  serum  of  a  dog,  cat,  or  man  arc  quickly  destroyed,  with  the 
lil>eration  of  their  hemoglobin.  This  action  was  foniiexly  described 
under  the  term  **globulrcidal  action  (^f  senim,"  and  was  compared 
to  the  similar  destniction,  bactericidal  action,  exhibited  by  serum 
toward  some  bacteria.  In  more  recent  literature  the  term  hemo^ 
ysis  has  replaced  that  of  "globulicidal  action,"  and  the  hemolytic 
effect  that  a  senim  may  exert  upon  foreign  curpuscles  is  attributeti 
to  the  presence  in  it  of  certain  sul)stance8  which  in  general  are  clas8e<l 
as  hemolysins.  This  hemolytic  action  is  not  due  to  a  simple  differ- 
ence in  osmotic  pressure.     The  senims  of  the  different  mammalia 

♦  For  a  full  comsidprfttion  of  osmotic  pressure  in  its  relations  to  physio- 
logical processes,  see  HarnUurger,  "Osmolischer  Druck  und  lonenlehre." 
Wiesbaden,  1902. 
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have  all  appmximately  the  suine  osmotir  press»ire;  the  (Uflfcrences 
are  too  slight  to  explain  the  effect*  ohserve(i.  Jloreover,  if  the 
senirn  used  is  heated  to  55®  C.  its  liemolytie  aetioQ  is  destroyed, 
although  no  noticeable  change  occurs  in  the  oHinotic  pressure.  In 
addition  to  the  hemolysins  found  normally  in  tht*  bhmd  of  different 
aninials  it  was  shown  first  by  Hordet  *  that  they  may  l)e  produced 
artificiiilly .  The  serum  of  guinea  pigs  has  little  or  no  effect  normally 
on  the  red  corpuscles  of  rabbits'  blood.  If,  however,  one  injects 
anme  rabbits'  blood  l>eneath  the  skin  of  a  *^unra  pig  and.  if  neres- 
suPk'.  re|>eal«  il»c  process  it  will  be  ftmiul  that  the  bloo<J  of  this 
particular  puineii  pig  has  now  a  strong  hcnioiytic  action  toward  the 
rcfl  corpuscles  of  rabbits.  Thi.s  method  of  protlucing  s|>ecific 
hemolysins  by  means  of  sulx'utaneous  or  intraperitoneal  inj<?ctions 
of  foreign  re^I  corpu.HcIes  is  designated  as  a  prficess  of  immunizing, 
and  the  senim  of  the  animal  in  which  a  .specific  hemolysin  hiiy  \teen 
thtis  piTHlucetl  is  frequently  calle<l,  for  convenience,  an  immune 
serum.  These  terms  are  employed  on  account  of  the  essential 
similarity  of  the  processes  invoIve<I  to  those  tmderlying  the  devel- 
opment of  immunity  toward  speciid  diseases.  When  the  body  is  in- 
vadctl  by  pathogenic  bacteria  the  toxic  sul)stances  pr^xlucetl  by  these 
organisms  stimulate  the  tissues  to  form  specific  antitoxins  which 
are  capable  of  neutralizing  the  action  of  the  barterial  toxins.  The 
body  is  thus  rendered  immune  toward  special  ba<teria.  and  that  the 
blood  of  the  immunized  animal  actually  contains  a  definite  anti- 
toxin may  be  shown  in  some  cases  by  the  fact  that  when  injecteil 
into  another  individual  the  latter  al.so  acquires  the  specific  immun- 
ity. S*i  in  regard  to  the  hemolysins.  The  presence  of  the  foreign 
rrd  corpuscles  causes  tlie  development  of  a  specific  antisuU«!tance 
capable  of  destroying  the  special  form  of  red  corpuscle  inject^l.  This 
interesting  reaction  may  be  obtained  with  other  cells  than  the  red 
corpuscles  and  bacteria.  By  injecting  spermatozoa  a  toxin  or  lysin 
may  be  prochiced  in  the  blood  which  destroys  this  particular  form 
of  cell,  and  the  same  fact  holds  gcwxi  for  epilhehal  cells,  etc.  More- 
over, solutions  of  foreign  proteins  injei'tetl  in  the  same  way  give  rise 
to  the  fomwition  of  <iefinile  antisubstiuices  capable  of  coagulating  or 
precipitating  the  special  proteins  used.  In  thus  last  case  the  anti- 
substance  is  designateti  as  a  precipitin  on  account  of  its  precipita- 
ting effect  on  the  solution  of  protein  (see  Appendix,  p.  900).  This 
wonderful  protective  adaptation  of  the  body  toward  the  invasion 
of  foreign  cell**  or  proteins  b^  at  bottom  doubtless  a  chemical  reaction 
dependent  upon  the  properties  of  the  living  cells,  but  the  nature  of 
the  processes  involved  L**  not  at  all  understood,  and  the  phenomenon 
is.  therefore,  designated  provisionally  as  a  biological  reaction.  The 
specific  hemolysins  produced  by  immunization  have  been  studied 
•  Ikirdet,  **  Armolcs  <le  i'lart.  Past«ur,"  1895. 
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by  Bordet,  Ehrlich,  and  others.*  It  has  been  shown  that  th«y 
are  in  i-ealit;'  composed  of  two  sulwtances  whose  combinetl  action 
is  necessan'  for  the  hemolysis.  There  is,  first,  a  new  and  specific 
substance  that  Ls  produced  by  the  body  as  a  consequence  of  the 
injection  of  the  foreign  blood  corpuscles.  This  substanc-e  htu^  been 
given  different  names,  but  is  known  most  frequently  U'-hrlichl 
as  the  immune  bodij  (or  amboceptor).  It  is  not  destroyed  by  mod- 
erate heating.  The  immune  body  is  enabled  to  act  upon  the 
corpuscles  by  the  co-operation  of  certain  substances  which  are 
normidly  present  in  tlie  serum  and  are  therefore  not  produced  by 
the  process  of  immunization.  These  substances  are  known  usually 
as  complements,  and  it  is  they  tJiat  are  destroyed  by  heating  to 
55**  C.  If  tiie  immune  sei*um  of  a  guinea  pig  is  heated  to  55**  C. 
its  hemolytic  action  upon  rabbits'  corpuscles  is  destroyetl.  The 
action  may  be  restor-ed,  however,  by  ad<ling  a  Uttle  of  the  rabbit's 
own  semm,  .since  in  terms  of  the  al>ove  hypothesis  the  complements 
are  pi-eseul  in  normal  serum.  That  is  to  say,  an  experiment  of 
the  following  kind  may  be  performed.  Washed  blood  corpuscles 
of  a  rabbit  i»hi8  immime  serum  from  a  giiinea  pig  show  hemolysis. 
WiLshed  blood  corpuscles  of  a  rabbit  jjlus  immune  .serum  which  has 
\jeen  made  inactive  by  heating  show  no  hemolysis.  Addition  of 
normal  rabbits'  serum  to  this  latter  mixture  again  activates  the 
iiniiiune  serum  and  causes  hemolysis.  The  rabbits'  serum  in  this 
case  supplies  the  newletl  complement. 

Tlicsc  facts,  it.  sIiouM  be  slatcil.  arc  interpreted  somewhat  differenlly 
by  Hordet.  The  irnmunu  substance  be  designates  as  a  "  euitstrtn^re  vcrusibHa- 
trier"  and  the  complement  as  ftl-firirt.  The  latter  fonns  the  pmtoctive  sub- 
tance  of  the  blood,  but  is  unable  to  act  upon  the  foreign  cells  until  these 
latter  have  l>cen  changed  in  some  way.  that  is,  wnsitized  by  !lie  specific 
immune  substance  developed  (hiring  the  process  of  immunizinc. 

In  the  case  of  some  of  the  natural  hemolysins  referred  to  above 
it  has  also  been  shown  that  they  are  composed  in  reality  of  two 
bodies,  each  necessary  to  the  reaction. — one  the  complement,  de- 
stroyed by  heating,  and  one  comparable  to  the  immune  Ixxiy, 
but  in  this  case  designated  us  the  infcrborf// or  inteimediary  body, 
since  it  is  not  produced  by  immunization. 

Speaking  in  general   terms,  the  serum  of  any  animal  is  more  or 

less  hemolytic  in  relation  to  the  blood  corpuscles  of  an  animal  of 

another  species;  but  great  differences  ni*e  shown  in  this  respect.  The 

blood-serum  of  the  horse  shows  hut  little  hemolytic  action  upon  the 

red  corpuscles  of  the  rabbit  when  compared  with  the  effect  of  the 

serum  of  the  dog  or  cat.      Eels'  serum  has  a  remarkably  strong 

•  For  a  brief  statement  of  the  development  of  the  subject,  see  Waaser- 
mann,  "  Immune  Sera.  Hemolysins,  t'ytotoxinR.  and  Precipitins, '*  iraiiB- 
laled  by  HoUhian.  New  York.  1I>04.  For  a  more  evtcndcd  review,  see  Aiwhoff. 
"  Zcit^chirft  f.  iiUeemeine  Phypioloeie."  1.  69.  1U02.  or  Ehrlich,  "  Collected 
Studies  on  Immunity,"  translated  by  Bolduan,  New  York,  1906. 


hemoK'tic  action  upon  the  red  corjxiscles  of  most  mammals;  a  very 
minute  rjuantity  of  this  senim  (0.04  c.c)  injectetl  into  the  veins  of  a 
rabbit  will  cause  hemolysis  of  the  coqmscles  and,  as  a  consequence, 
the  appearance  of  bloody  urine  (hemoglobinuria).  It  should  be 
added  that  this  curious  toxic  or  lytic  effect  of  foreign  serums  is  not 
confinerl  to  the  reft  corpuscles.  They  contain  cytotoxins  that  affect 
also  other  tissue  elements,  cs[)eciany  those  of  the  central  nervous 
eastern,  and  may  therefore  cause  death.  As  little  as  0.04  c.c.  of 
eels'  serum  injected  into  a  small  rabbit  will  cause  the  death  of  the 
Animal,  the  fatal  effect  lieing  <lue  apparently  to  an  action  on  the 
\'Momotor  and  respiniton'  centers  in  the  medulla.  The  hemolytic 
and  generally  toxic  effect  of  foreign  sera  has  been  known  for  a  long 
tune.  It  was  discovered  practically  in  the  numerous  attempts  made 
in  former  years  to  transfuse  the  blood  of  one  animal  into  the  veins 
of  another.  It  has  been  found  that  this  process  of  transfusion  as  a 
means  of  combatting  severe  hemorrhage  is  dangenius  unless  the 
blooil  is  taken  from  an  animal  of  the  same  or  a  nearly  relateiJ  8[}ecie8. 
nature  and  Amount  of  Hemoglobin. — Hemoglobin  is  a  ver>' 
complex  substance  Ijelonging  to  the  group  of  combined  proteins. 
Under  the  influence  of  heM.  acid.s.  alkalies,  etc.,  it  may  be  broken 
up.  with  the  fommtion  of  a  simple  ]>n)tein^  globin,  l)elonging  to  the 
group  of  hiatons  (see  appendix)  and  a  pigment,  hematin.  The 
globin  forms,  acconling  to  different  estimates,  from  86  to  94  i>er  cent. 
of  the  molecule,  and  tlie  hematin  al)out  4  |)er  cent.  Other  sub- 
stances of  an  undetermined  character  result  from  the  decomposition.* 
When  the  decomposition  takes  place  in  the  absence  of  oxygen,  the 
products  formed  are  globin  and  hemochromogen.  instead  of  globin 
and  henmtin.  Hejno(rhn)mogen  in  the  presence  of  oxj'gen  quickly 
unciergoes  oxidation  to  the  more  stalile  hematin,  Hopf»e-Scyler 
has  shown  tliat  hemochnHuogen  possesses  the  chemical  grouping 
which  gives  to  hemoglobin  its  ]x>wer  of  combining  readily  with  oxy- 
gen and  its  distinctive  absorption  spectrum.  On  the  basis  of  facts 
such  as  these,  hemoglobin  may  be  defined  as  a  compound  of  a  protein 
IxhIv  with  hematin.  It  seems,  then,  that,  although  the  hemnchro- 
ni(»;:en  or  hematin  portion  is  the  essential  constituent,  giving  to  the 
molecule  of  hemoglobin  its  valuable  physiological  proixrties  as  a 
reeipiratory  pigment,  yet  in  the  blood  corpuscles  this  substance  is 
inrorj>orated  into  the  much  larger  and  more  unstable  molecule  of 
hemoglobin,  who.se  behavior  toward  oxygen  Ls  different  from  that 
of  the  hematin  itself,  the  difference  lying  mainly  in  the  fact  that 
the  hemoglobin  as  it  exists  in  the  corpuscles  forms  with  oxygen  a 
comparatively  feeble  combination  that  may  be  broken  up  readily, 
with  UI)eration  of  the  gas. 
*  Sidiuii,  'Zcilsohrift  f.  physiologi^chc  Chemie,"  24;  also  Lauraw,  ibid.,  26. 
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HemogloJiin  is  widely  distrihiited  throughoiit  the  aninial  king- 
dom, being  found  in  the  blood  corpuscles  of  fnainmaliaf  birds, 
reptiles,  amphibia,  and  fishes,  and  in  the  blood  or  blood  corpuscles 
of  many  of  the  invertebmte^.  'I'he  composition  of  its  molecule  is 
found  to  vary  somewhat  in  different  animals;  so  that,  slrictly 
speaking,  there  are  probably  a  number  of  different  forms  of  hemo- 
globin— all,  however,  closely  related  in  chemical  and  physiolo^ral 
projjertiea.  Elementan'  analysis  of  dogs'  hemoglobin  shows  the 
following  percentage  composition  (Jatjuet):  C,  53.91;  H,  6.62;  N, 
15.98;  S,  0.542;  Fe,  0.333;  O,  22.62.  Its  molecular  formula  is 
given  as  C^jgHjjyjNjjjSjFeO,,,,  which  would  make  the  molec- 
ular weight  16,669.  Other  estimates  are  given  of  the  molecular 
fonuiila,  but  they  agree  at  least  in  showing  that  tlie  molecule  is  of 
enormous  size.  The  hematin  that  is  split  off  from  the  hemoglobin 
is  a  pigment  whose  constitution  is  relatively  simple,  as  is  indicated 
by  its  percentage  formula,  Cj^Hj^N^FeOj  (Kuater).  It  contAins 
all  of  the  iron  of  the  original  hemoglobin  molecule.  Gamgee  has 
calleti  attention  to  two  facts  which  seem  to  indicate  that  the  globin 
and  hematin  do  not  exist  as  such  in  the  hemoglobin  molecule. 
Thus, hematin  is  magnetic,  — that  is,  is  attracted  by  a  magnet, — while 
hemoglobin,  on  the  contrary*,  is  diamagnetic.  Globin  alone  rotates 
the  plane  of  polarized  light  to  the  left,  levorotaton',  w^hile  hem»v 
gjobin  solutions  are  dextrorotator>'.  The  exact  amount  of  hemo- 
globin in  human  blood  varies  naturally  with  the  indi-vidual  and  with 
different  conditions  of  life.  According  to  Preyer,*  the  average 
amount  for  the  adult  male  is  14  grams  of  hemoglobin  to  each  100 
grams  of  blood.  It  is  estimated  that  in  the  blood  of  a  man  weighing 
68  kilograms  there  are  contained  about  750  grams  of  hemoglobin, 
which  is  distributed  among  some  25,0<K),0(W.(K)0,000  of  corjjuscles, 
giWng  a  total  sujierficial  area  of  al>out  32(X)  square  meters.  Practi- 
cal]>*  all  of  this  large  surface  of  hemoglobin  is  available  for  the 
absorption  of  oxygen  from  the  air  in  the  lungs,  for,  owing  to  the 
gre^t  niimber  and  the  minute  si/e  of  the  capillaries,  the  blood,  in 
passing  through  a  capillan^  area,  liecomes  8ubdi\nded  to  such  an 
extent  that  the  red  corpuscles  stream  through  the  capillaries,  one 
may  say,  in  single  file.  In  circulating  tlm>ugh  the  lungs,  therefore, 
each  corpuscle  becomes  cx|K>sed  more  or  less  completely  to  the  actioa 
of  the  air,  and  the  utilization  of  the  entire  quantity  of  hemoglobin 
must  be  nearly  perfect.  It  may  be  worth  while  to  call  attention  to 
the  fact  that  the  biconcave  form  of  the  red  corpuscle  increases 
the  superficies  of  the  corpuscle  and  tenfls  to  make  the  surface 
exposure  of  the  hemoglobin  more  complete.  Instruments  known 
as  hemometers  or  hcmoglobinometers  have  been  devised  for  clinic&l 
use  in  determining  the  amount  of  hemoglobin  in  the  blood  of 

•"Die  Blutkrjstalle."     Jena.  1871. 
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patients.  A  numlx^r  of  difTerent  forms  of  this  instrumpiit  are  in 
use.  In  all  of  them,  however,  the  detemiinatiou  is  made  vrith  a 
drop  or  two  of  blood,  siich  as  can  be  obtauied  without  difficulty 
by  pricking  the  skin.  The  amount  of  hemoglobin  in  the  withdrawn 
blood  is  determined  usually  by  a  colorimetric  meth<ni, — that  is.  its 
color,  which  is  due  to  the  hemoglobin,  ik  cumparud  with  a  series  of 
jlftandard  sohitions  containing  known  amountij  of  hemoglobin,  or 
%ith  a  wedge  of  colored  glass  whose  color  value  in  terms  of  hemo- 
globin has  been  determined  beforehand.  For  details  of  the  structure 
of  the  several  instruments  employed  and  the  precautions  to  be 
obeerved  in  their  use  reference  must  l»e  made  to  the  lalx)rator>' 
guities* 

Compounds  with  Oxygen  and  other  Gases. —Hemoglobin  has 
the  property  of  uuituig  with  oxygen  gas  in  certain  definite  pn>|ior- 
tions,  forming  a  true  chemical  compound.  This  compound  is  known 
as  oxyhemoglobin',  it  is  fomictJ  whenever  blood  or  hemoglobin 
solutions  are  exposed  to  air  or  otherwise  brought  into  contact  with 
ax^'gen.  Vau*\\  molecule  of  hemoglobin  is  sui>p(ised  to  combine  with 
one  molecule  of  oxygen.  Acconling  to  a  tletcrmination  by  Hiifner,t 
the  O  ca]jacity  of  the  Hb  of  ox's  blood  is  1.34  c.c.  ()  tt>  each  gram  of 
Hb.  It  should  he  stated  that  some  observers  %  find  that  the  maxi- 
mum oxygen  capacity  of  the  blood  may  show  in<lividual  variations 
within  narrow  limits,  and  that,  therefore,  what  we  designate  as 
hemoglobin  may  not  be  a  single  chemical  substance,  hut  a  mixture 
of  flo«ely  related  compounds.  Oxyhcmonitobin  Is  not  a  very  firm 
compound.  If  placed  in  an  atmosphere  (rtntaining  no  oxygen 
it  is  dissociated,  giving  ofT  free  oxygen  and  leaving  behind  hemo- 
globin or.  as  it  is  often  called  by  way  of  distinction,  "reduced 
hrmotflobin'*  This  power  of  comliining  with  oxygen  to  form  a 
loose  chemical  compound,  which  in  turn  can  V>e  dissociated  easily 
when  the  oxygen  pressure  is  loweretl.  makes  possible  the  function 
of  hemoglobin  in  the  blood  as  the  carrier  of  oxygen  from  the  lungs 
the  tissiies.  The  details  of  this  process  are  described  in  the 
tion  on  Respiration.  Hemoglobin  forms  with  carbon  monoxid 
gas  (CO)  a  compound,  similar  to  oxyhemoglobin,  which  is  known 
as  carbon  monoxid  hcmoijlobin.  In  this  compound  also  the  union 
t-akes  place  in  the  proportion  of  one  molecule  of  hemoglobin  to  one 
molecule  of  the  gas.  The  compoimd  formed  differs,  however. 
frr»m  oxyhemoglobin  in  being  much  more  stable,  and  it  is  for  this 
reason  that  the  breathing  of  carlxin  monoxid  gas  is  liable  to  prove 
fatal.    The  CO  unites  with  the  hemoglobin,  forming  a  firm  com- 

•  See  Simon,  "A  Manuul  of  Clinical  Diagnosis."     Philadelphia,  1904. 

t  'Archiv  f.  Physiologic."  18^*4.  p.   I."^0. 

t  See  liolir.  in  Nagcl'a  •"Hondbuch  der  Physiologic."  vol.  I.  pt.  i.,  1905. 
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pound;  the  tissues  of  the  body  are  thereby  prevented  from  obtain- 
ing their  necessary  oxj'gen.  and  death  results  from  suffocation  or 
asphvxia.  Carlson  monoxiii  forms  one  of  the  constituents  of 
coal-gas.  The  well-known  fatal  effect  of  breathing  coal-g:i3  for 
some  time,  as  in  the  case  of  individuals  sleeping  in  a  room  in  which 
gas  is  escaping,  ia  traceable  dii'ectly  to  the  carbon  monoxid.  Nitric 
oxid  (NO)  forms  aUa  witli  hemoglobin  a  defmitc  compound  thai 
is  even  more  stable  than  the  ("O  fiemoglobin;  if.  therefore,  this 
gas  were  brought  into  contact  with  the  blood,  it  would  cause  death 
in  the  same  way  as  the  CO. 

Oxyhemoglobin,  carbon  monoxid  hemoglobin,  and  nitiic  oxid 
hemoglobin  are  similar  compounds.  Each  Is  formed,  apparently, 
by  a  dclinite  comlnnation  of  the  gas  with  the  henmtin  iM>rti<m  of  the 
hemoglnbin  molecule,  and  a  given  weight  of  hemoglobin  unites 
presumal^ly  with  an  c(]ual  vohime  of  each  gas.  In  marketi  coulraat 
to  these  facts,  Hohr*  has  shown  that  hemoglobin  forma  a  compound 
■with  carlion  liioxid  gas,  cnrbokrmofffohin.  In  which  the  quantitative 
relationship  of  the  gas  to  the  hemoglobin  differs  from  that  shown 
by  oxygen.  In  a  mixture  of  O  and  Vi ),  the  latter  gas  is  absorbed  by 
hemoglobin  srtlutions  indcf>endcntly  of  the  oxygen,  so  that  a  solu- 
tion of  hemr>gk>bin  nearly  saturated  with  oxygen  will  take  up  TO, 
as  though  it  held  no  oxygen  in  combination.  Bohr  suggests,  there- 
fore, that  the  (.>  and  the  CO^  must  unite  with  different  portions  of  the 
hemoglobin — the  oxygen  with  the  pigment  portion  and  the  CO,  possi- 
bly with  the  protein  [>ortion.  Although  the  amount  of  CO,  tnken  up 
by  the  hemoglobin  is  not  influenced  by  the  amount  of  O  alreadv  in 
combination,  the  reverse  relati<»nsliip  does  not  hold  in  all  cases.  It  is 
found  that  the  presence  of  the  CO,  loosens,  as  it  were,  the  combina- 
tion l>etween  the  hemoglobin  and  the  oxygen  so  that  the  oxyhemo- 
globin dissociates  more  readily  tlian  would  otherwise  be  the  case. 
This  is  observed  at  least  when  the  oxygen  is  under  a  low  presssure, 
such  as  occurs,  for  instance,  in  the  capillaries  of  the  tissues.  The 
importance  of  this  fact  in  regard  to  the  oxygen  supply  to  the  tissues 
is  referred  to  more  explicitly  in  the  section  on  Respiration. 

Presence  of  Iron  in  the  Molecule. — It  is  probable  that  imn 
is  quite  generally  present  in  the  animal  tissues  in  connection  with 
nuclein  com|x)unds,  but  its  existence  in  hemoglobin  is  noteworthy 
because  it  has  long  been  known,  and  because  the  important  projjerty 
of  combining  with  ox>'gen  seems  to  be  connected  witli  the  presence 
of  this  element.  According  to  the  anahses  made,  the  proportion 
of  iron  in  hemoglobin  varies  somewhat  in  different  animals:  the 
figures  given  are  from  0.333  to  0.47  |>er  cent.  The  amount  of 
hemoglobin  in  blood  may  be  determined,  therefore,  by  making  a 
*  "  Skiindinavisclies  Ardiiv  f.  Pliysiologie/'  3,  47,  1892,  Jind  15,  402,  1904. 
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quantitative  detemiination  of  the  iron.  The  amount  of  oxygen 
with  which  hemoglobin  will  combine  niay  be  exjiressed  by  saying 
that  one  molecule  of  oxygen  will  be  fixed  for  each  atom  of  iron  in  the 
hemoglobin  molecule.  In  the  decomposition  of  heniogloljin  into 
globin  and  hematin,  which  has  been  spoken  of  above,  the  iron  is 
retained  in  the  hematin. 

Crystals. — Hemoglobin  may  be  obtained  readily  in  the  form  of 
crystals  (Fig.  171).  As  usually  prepared,  these  cr>'stuls  are  really 
oxyhemoglobin,  but  it  has 
been  shown  that  reduced 
hemoglobin  also  cn'stallizes, 
although  with  more  diffi- 
culty. Hemoglobin  from 
the  blood  of  different  ani- 
mals varies  to  a  marked 
degree  in  respect  to  the 
power  of  cr>stallization. 
From  the  blood  of  tlie  rat, 
dog,  cat,  guinea  pig,  and 
horse,  cn'stals  are  readily 
obtained,  while  hemoglobin 
from  the  blootl  of  man  and 
of  most  of  the  vertebrates 
crystallizes  much  less  easily. 
Methods  for  preparing  and 
purifying  these  cr>'st4ils  will 
be  found  in  works  on  phys- 
iological chemistry.  To  olv 
tain  specimens  quickly  for 
examination  under  the  mi- 
croscope, one  of  the  most 
certain  methods  Is  to  t^ike 
some  blood  from  one  of  the 
animals  whose  hemoglobin 
crystallizes  easily,  place  it 
in  a  test-tube,  add  to  it  a 

few  drops  of  ether,  shake  the  tube  thoroughly  until  the  blood  be- 
comes laky, — that  is,  until  the  hemoglobin  is  discharged  into  the 
plasma, — and  then  place  the  tube  on  ice  until  the  cr>-8tal8  are 
deposited.  Small  jxirtions  of  the  crystalline  sediment  may  then  be 
removed  to  a  glass  slide  for  examination.  According  to  Reichert^ 
the  deposition  of  the  crj'stals  is  hastened  by  adding  ammonium 
oxalate  to  the  blood  in  quantities  sufficient  to  make  from  1  to 
5  per  cent,  of  the  mixture.  Hemoglobin  from  different  animals 
varies  not  only  as  to  the  ease  with  which  it  czystallizes,  but  in  some 


Fic-  1 7 1 . — Cryfttalliserl  hemnfrlobin  (after 
^pf]/) :  a,  6.  Crystalai  from  vrnuua  bluoti  of  mui: 
e,  from  the  blood  of  a  cat;   d.  from  the  btood  of 

'nea  |>i|[:  «,  fmm  the  liluwl  iif  a  baaurter; 
I  bic    "     ' 
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nun  Ihe  blood  uf  a  «quirr«l. 
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cases  also  as  t^  the  fnrm  that  the  cnstals  take.  In  man  and  in  most 
of  the  niaiiiinalia  heinoglohiu  is  deposited  in  the  form  of  rhombic 
prisms;  in  the  guinea  pig  it  crystallizes  in  tetrahedra  (d.  Fig.  171), 
and  in  the  s*|uirrei  in  hexagonal  plates.  This  difTerence  in  cr>'stal- 
line  form  implies  some  difference  in  molecular  structure,  and  taken 
together  with  other  known  variations  in  pro|>erty  shown  by  hemo- 
globin from  different  annuals  lead  us  to  beheve  that  the  huge  mole- 
cule has  a  lalnle  structure;  and  that  it  may  differ  somewhat  in  its 
molecular  cornposition  or  atomic  arrangement  without  losing  its 
physiological  projjtTty  of  au  oxygen-carrier.  In  this  connection 
it  is  iuieresliiig  to  state  that  the  hemoglobin  of  horses'  blotxl,  which 
crystal]  ize-8  <>rdinarily  in  large  rhombic  prisms,  may  be  made  to  give 
hexagonal  crystals  by  allowing  it  to  undergo  putrefaction,  antl  that 
tJie  form  of  the  crystals  may  then  be  changed  from  hexagons  to 
rhombs  b>'  ^•arying  the  tempcmture  of  the  solutions.*  The  cry.stals 
are  readily  soluble  in  water,  and  by  repeated  cr>'stallization  the 
hemoglobin  may  l>e  obtained  perfectly  pure.  As  in  the  case  of 
other  soluble  protein-like  bodies,  solutions  of  hemoglobin  are 
preci])itated  l>y  alcohol,  by  mineral  acids,  by  salts  of  the  heavy 
metals,  by  boiling,  etc,  Notwithstandinir  the  fact  tliat  hemoelobm 
cr>'stalli2es  so  readily,  it  is  not  easily  dialyzable.  l^ehavine  in  tliLs 
respect  like  non-crystallizable  colloidal  Ixidies.  The  compounds 
which  liemoglobin  forms  with  carlx)n  monoxid  (CO)  and  nitric  oxid 
(NO)  are  also  crystallizable.  the  ciystals  being  isomorphous  with 
those  of  oxyhemoKlohin. 

Absorption  Spectra. — Solutions  of  hemoglobin  and  its  deriv- 
ative comjKJunds,  when  examined  ^\^th  a  spectroscope,  give 
distinctive  absorj>ti(tn  bands. 

Light,  when  made  to  pass  through  a  glass  nristn,  is  broken  up  into  ita 
constituent  rays,  fjivirig  the  pbiy  of  rainhow  colore  known  as  the  spectrum. 
A  spectroscope  is  itn  apparatus  for  prnducinj^  and  observing  a  spectrum.  A 
simple  form,  which  ilhistratiw  sufiidcnt  ty  well  the  conatruclion  ol  the  appara- 
tu»,  is  shr>wi)  in  Kig,  M'2,  P  lyviini  Hit'  ghtss  prinni  giving  the  spectrum.  Ligbl 
fttllfl  ufwn  this  prism  Ihmugh  the  luh<"  (.1)  to  the  left,  known  as  the  "colli- 
mator tube."  Aftlh  at  the  end  of  this  tube  US)  admits  a  narrow  slice  of  light — 
lainplighl  or  suiiliglif  —  which  then,  Hy  meims  of  a  convex  leii*  at  the  other 
end  of  the  tubf.  is  made  to  fall  np<»n  the  prism  (P)  with  it,s  nvys  parallel.  In 
passing  through  the  prism  the  rays  are  dippersed  by  unet^ual  refraction,  giving 
a  spectrum.  The  spectrum  thus  produced  i»  examined  by  the  observer  with 
the  aid  of  th(?  Iplrswipc  (Fi).  Whrn  the  telescope  is  properly  focused  for  the 
rays  entering  it  from  the  prii^jn  (/-*),  u  rlenr  picture  of  tlie  spectrum  is  Been. 
The  length  of  the  spectnmi  will  deiwnd  upon  the  nature  and  the  number  of 
the  prisms  through  which  the  light  is  made  to  pass.  For  ordinary  purposes  & 
short  spectrum  is  preferable  for  hemoglobin  bands,  and  a  spectroscope  with  one 
prism  IS  generally  us4>d.  If  the  source  of  light  is  a  lamp  flame  of  some  kind, 
the  spectrum  is  continuous,  the  colors  gradually  merging  one  into  another 
from  red  to  violet.  If  sunlight  is  usc'd.  the  spectrum  will  be  crossed  by  a 
number  of  narrow  dark  lines  known  as  the  "Fraunhofof  lines."  The  position 
of  these  lines  in  the  solar  spectrum  it*  fixed,  and  the  more  distinct  ones  w 

♦  IHilik.  "Archiv  f.  d.  gesammte  Physiologie,"  lOl.  64,  1904. 
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led  by  lettere  of  the  alphabet  ,A,B.  C,  D,  E,  etc. ,  as  sho  htj  in  the  charts 
below,  n  while  using  solar  lighl  or  an  artificial  light  a  solutiun  of  any  t^ub- 
■tuice  which  civea  alworption  bundti  is  so  placed  in  front  of  tJio  Hlit  iK'at  the 
liK^t  1!^  ubligeu  to  traverse  it,  the  8pectniin  a^  ul)»cr\'e<j  tlirough  the  tete8cop)e 
will  show  one  or  more  narrow  or  oroad  black  bands  that  arc  characteristic 
o(  the  substance  used  and  constitute  its  absorption  spectrum.  The  positir>iis 
of  these  bands  may  be  designated  by  describing  their  relations  to  the  Krauu- 
hoftf  lines,  or  more  dirtvllv  by  stating  the  wave  len^fths  of  the  portions  of 
theifwctruni  l>etwcen  which  absorption  takes  place.  Some  spectrosconcs  arc 
provided  with  a  scale  of  wave  lengths  8U(x;rposed  on  the  ti]>e<*truin,  anu  when 
properly  adjusted  this  scale  enables  one  to  read  off  directly  the  wave  lengths 
of  Mty  part  of  the  spectnim. 

When  ver>'  dilute  solutions  of  oxyhemoglobin  are  examined  with 
the  Bpeetroscope,  two  absorption  bands  a|j]jeiir,  ImjIIi  occurring  in 


1T2. — Bpt^tpowrope:  P.  The  «[>«§  prum ;  .4,  the  culUmator  tube,  showing  Um  !>Ut,  5, 
rbieh  the  li^(  u  Kdmitted;    B,  the  t«lasoop*  for  ob«ervtiif  tbo  speetrum. 


the  jwrtion  of  the  si^eotnim  inrhided  between  the  Fraunhofer  lines 
D  and  K.  The  band  nearer  the  re<i  end  of  the  speetnim  is  known 
as  the  ''u-lwind";  it  i.s  narrower,  darker,  and  more  clearly  defined 
than  the  other,  the  "i-band"  fFig.  173>.  The  width  and  distinct- 
sesBof  thebandsvar>'naturully  with  the  concentration  of  the  solution 

(see  Fig.   174)   or,   if   the  concentration   remains  the    s:mje. 

the  width  of  the  stratum  of  liquid  through  which  the  light 
pianB-  With  a  certain  minimal  percentage  of  oxyhemoglobin 
(leas  than  0.01  per  cent.)  the  /^-band  is  !c»st  and  the  a-hand  is  very 
faint  in  layers  1  centimeter  thick.  With  stronger  solutions  the 
bands  Ixjcome  darker  and  wider  and  finally  fuse,  while  some  i\i  the 
extreme  red  end  and  a  great  deal  of  the  violet  end  of  the  spectrum 
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ai-e  also  absorbed.  The  variations  in  the  al^sorption  sjsectrum. 
with  differences  in  comentratirtn.  are  clearly  shouTi  in  the  accoai- 
panyin^  illustration  from  Hollett  *  (Fig.  174);  the  thickness  of  the 
layer  of  liquiil  U  .supposed  to  be  one  centimeter.  The  nuniJ>er8 
on  the  right  intUcate  the  |)ercentage  strength  of  the  oxyhemoglobia 
solutions.     It   will    Ije    noticed    that   the   absorption    which   takes 

C  D  E  b  F 
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Fig.  17n. — Tahleof  alwnrptinn  sfwctra  (Zi«mkfand\ftllliT):  1,  Absorption  tpectrum 
ol  ox^hemoelubifi,  diime  Mtluiion:  2,  abw^rption  spectrum  of  redurfni  heniunlol^in;  3,  aXr- 
sorption  ftpecLrum  of  tib«tliem'>itlrjbjn,  neutral  sxluuuri;  4,  absorpuon  lipectrum  of  met- 
bemofclobin,  alkaline  ^«lutiun  ;  ^,  Hlvorviii^-m  >>|j«cirum  uf  hematin.  acid  iwlutioo;  0,  ftb* 
■orption  apActrum  of  hetiiatin,  alkaline  ttulutiou. 
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place  as  the  concentration  of  the  solution  increases  affects 
red-orange  end  of  the  spectrum  last  of  all. 

Solutions  of  reduced  hemoglobin  examined  with  the  spectroscope 

show  only  one  al^soriDtion  band,  known  sometimes  as  the  'Y-^^^d." 

This  band  lies  also  in  the  portion  of  the  spectrum  included  between 

the  lines  D  unti  E\  its  relations  to  these  lines  and  the  bands  of 

*  Hermann's  "  llandbuch  der  I'liysiolpgie/'  vol.  iv.,  1880 
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rhemoplobin  arc  i^liown  in  Fig.  173.  The  H>!in«^i  is  much  nioi*3 
iBfffiae  than  Iho  oxyhenioglohin  hands,  ami  its  luniu,  therefore, 
e«peritilly  in  weak  solutions,  are  not  well  lietined,  The  width  and 
dibtinctnesti  of  this  hand  var>'  also  with  the  cunt'entration  of  the 
solution.  This  variation  is  sufficiently  well  shown  in  the  accom- 
panyinK  illustration  (Fig.  175),  which  h  a  com[i:iiii<m  figure  to  the 
one  given  for  oxyhemoglohin  (Fig.  174j.  h  will  lie  noticed  that 
the  lust  light  to  be  ab- 
sorbed in  thus  case  Ls 
pAttly  in  the  red  end 
partly  in  the  i>lue, 
ius  expLiining  the  fiur- 
plish  color  of  liemoglo- 
bin  K>lutionf$  and  u  f 
venous  bUxxi.  Oxy- 
hemoglobin »ohiti  o  n  s 
can  \k  con  vcrto<  1  to 
hem  oglcibin  solutions, 
with  a  corresponding 
change  in  the  spectrum 
iMinds.  by  placing  the 
former  in  a  vacuum  or, 
more  conveniently,  by 
adding  reducing  solvi- 
tions.  The  solutions 
most  commonly  used 
for  this  purpose  are  am- 
monium sulphid  and 
Stokes's  retigent.*  If 
a  solution  of  retlucod 
Annoglobin  is  shaken 
with  air.  it  quickly 
changes  to  oxyhemo- 
globin and  gives  two 
bands  instead  of  one 
when  examined  by  the 

spectroscope.  Any  given  solution  may  be  changed  in  this  way  fmm 
oxyhemoglobin  to  hemoglobin,  and  the  reverse,  a  great  number  of 
timeii,  thus  demonstrating  the  facility  with  which  hemoglobin  takes 
up  and  surrenders  oxygen. 

Solutions   of   carbon  monoxid  hemoglobin  also  give  a  spec- 

*  dtokeii't  rea^nt  ift  on  ammoniacal  rtolution  of  a  ferrous  salt.  It  is  made 
by  (JSflwIving  2  parts  (by  weight)  uf  ft'rruuH  sulpliuti-,  adtlin^  3  parts  of  tar- 
taric acW.  and  then  ammonia  to  distinct  alkaline  n*action.  A  i»prmanent 
prrcipitate  nhould  not  be  ubtained. 
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Fljt.  174. — DUffram  to  ^how  the  VBriAtioiM  in  th« 
aliwiri*(i<*u  iipectruii)  of  cixyh«uioKlnbiii  with  vkrytng 
c«ion>titimiionn  of  ttie  »olutinn. — (Aft«r  R<4Utt.)  The 
iiunib«p*  Ut  th«  rifcht  fhve  tho  rirrnjrth  of  the  oxy- 
bemoftlobin  Holution  in  [KTceiiiaiit^;  th«  lett«n  jEive 
tlie  p^iMtioDA  nf  the  Kniunhufnr  linn*.  To  Bj<certAin 
the  amount  of  ntMorptioD  for  ftoy  siveu  ronrentration 
up  to  1  per  cent.,  draw  b  hbritontaJ  line  ikcroaa  the 
diagnun  at  the  tevel  corieB|:M>ii<lnitr  (<>  the  coiicvntrm- 
tjon.  Wtvere  this  Una  pawca  throufcli  ttie  •iliailcMJ  [wrt 
of  the  diacram  abaorptioa  taker  place,  and  the  width 
nf  tba  atworplion  kwndi  is  veen  at  once.  The  diaxnun 
•hows  clearly  that  the  amount  of  alMorptioo  iDctwuaa 
an  ihfl  fiiilulinn.-)  beronne  more  concentrat«d.  especially 
the  absorption  of  the  Uue  end  of  the  apcctniin.  It 
will  be  noticed  that  with  concentration*  between  0.6 
and  0.7  per  cent,  the  two  bands  between  Z)  and  E  fuse 
into  one. 
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I    two   ahs(»ri>tii»n     bands    closely   resembling    in    jKwi- 
app<yirance    tliose    of    oxyhemoglobin.      They  are    di^ 

tinguished  from  the 
oxyhemoglobin  baDiis 
by  being  slightly 
nearer  the  blue  eml 
of  the  spectrum,  as 
may  be  demonstrated 
by  obseniiig  the  wave 
lengths  or,  more  con- 
veniently, by  super- 
posing the  two  s[}ectnu 
Moreover,  solutions  »n 
carbon  monoxid  hem- 
oglobin are  not  re- 
duced to  hemoglobia 
by  adding  Stokes's 
liquid,  two  bands  be- 
ing still  seen  after  such 
treatment.  A  solu- 
tion of  carlx)n  mon- 
oxid hemoglobin  suit- 
able for  5pectro6CO]HC 
examination  may  be 
preparetl  ea-sily  by 
passing  ordinary'  coai- 
gas  through  a  dilute  oxyhemoglobin  solution  for  a  few  minutes 
and  then  filtering. 

Derivative  Compounds  of  Hemoglobin. — ^There  are  a  number 
of  pignient.ir>-  bodies  which  are  formed  directly  from  hemoglobin 
by  decompositions  or  chemical  reactions  of  various  kinds.  .Some 
of  these  derivative  substances  occur  normally  in  the  ix>dy.  The 
best  known  are  as  follows*: 

Methemoglobin. — When  blood  or  a  solution  of  oxyhemoglobin' 
is  allowed  to  stand  for  a  long  time  exposed  to  the  air  it  undergoes 
a  change  in  color,  taking  on  a  brownish  tint.  This  change  is  due  tor) 
the  formation  of  methemogloliin,  and  it  is  said  that  to  some  extent 
the  transition  occura  very  soon  after  the  blood  is  exposed  to  the  air, 
and  that,  therefore,  determinations  of  the  quantity  of  hemoglobin 
by  the  ordinary  colorinietric  lucthotls  shouiti  be  made  promptly  lo 
avoid  a  deterioration  in  color  value.  Methemoglobin  may 
obtained  rapidly  by  the  action  of  various  reagents  on  the  bloods 

♦  For  moro  lietailed  iiifonmition  concorniiig  the  cliemistrj'  anil  Utt^ratui 
of  tht'se  t*«)ra(X)unJs.  woe  Hammursien. '  Pliysiolosrical  f'hciuistr>'. "  iransluto) 
by  Mondcl.  fourth  vditiuo,  1904;  Abdt*  dial  den.  "  Pfiysiologistlic  Chemie,"  X\ 
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Fir.  I7.i. — DiA(cnini  (o  show  the  variatioas  tn  the  ab- 
sorption  tipoctnim  of  reducfnl  bemoRlobiii  with  var>'- 
ing  conc«ntrntiiin<4  nf  thft  .inliitinn  (after  RiMeti).  The 
numberH  to  ihc  riicht  icive  the  »troneih  of  the  heiuF»- 
globin  solution  in  parraiitasce^;  the  letters  fcive  the  r>o«i* 
Itous  of  the  Frauiihofer  liiiea.  Fur  further  directions 
ha  to  the  UM  of  the  diaKram,  sre  the  description  of  Fig. 
174. 
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some  of  them  oxidizing  substanres.  su<*h  as  i)ennanf:anate  of  potash 
or  ferricyanui  of  potash,  some  of  ihem  reducing  substances.  In- 
deed, it  is  known  that  the  change  may  occur  within  the  hlood-vessela 
by  the  action  of  such  bodies  as  the  nitrites,  antifel)rin,  acetanihd, 
etc.  According  to  most  obsen'ers.  methemoglobin  c<tntains  the 
same  amount  of  oxygen  as  hemoglobin ;  it  is  combined  differently, 
however,  fonning  a  more  stable  compound,  which  can  not  he  dis- 
sociated by  the  action  of  a  vacuum.  On  tliis  account,  therefore, 
xnethemoglobin  is  not  cai>able  of  acting  as  a  respiraton-  pigment, 
and  to  the  extent  that  it  is  formed  in  the  blood  this  tissue  suffers  a 
loss  of  its  functional  value  as  a  carrier  of  oxygen.  By  the  stronger 
action  of  reducing  sohitions— such  as  ammonium  sulphid — the 
oxygen  may  be  removed  from  the  methemoglobin  anti  reduced 
hemoglobin  be  obtained.  Methemoglobin  crystallizes  in  needles, 
and  its  solutions  give  an  al)Sorption  spectnun  which  varies  ac- 
cording as  the  solution  is  neutral  or  has  an  alkaline  reaction.  In 
neutral  solutions  the  characteristic  band  is  one  in  the  orange,  as 
indicatetl  in  Fig.  173.  In  alkaline  solution  the  absorption  spectnim 
luid  three  bands,  two  of  which  are  nearly  identical  with  those  of 
oxyhemoglobin. 

Hemaiin  (C,^H,^N^FeOj)  is  obtained  when  hemoglobin  is  de- 
composed by  tlie  action  of  acids  or  alkalies  in  the  presence  or  oxygen. 
It  may  occur  in  the  feces  if  the  diet  contains  hemoglobin  or  hematin, 
or  in  case  of  hemorrhage  in  the  stomach  or  small  intestine,  since 
lx)th  the  pancreatic  and  the  gas'ric  secretion  lireak  up  hemoglobin, 
with  the  formation  of  hematin.  It  is  an  amorphous  substance,  of  a 
dark-brown  color,  ea-sily  soluble  in  alkalies  or  in  acid  alcoholic  solu- 
tions. These  solutions  give  a  characteristic  absorption  spectnim 
which  is  representetl  in  Kig.  I7'.i. 

Hemin  (Cj,Hj,0,N,FeCl)  is  regarded  as  the  hydrochloric  acid 
CBter  of  hematin  and  is  obtaine<l  by  the  action  of  HCI  u|x)n  blood 
previously  treated  with  alcohtjl.  The  compound  is  obtained  in  the 
form  of  cr>-8tal8,  whicli  under  the  microscope  ap[)ear  \isually  as 
small,  rhombic  plates  of  a  dark^jniwn  color.  These  cristuls  may 
be  obtained  from  small  quantities  of  blntMl  stains,  ete..  no  niatter 
how  old.  and  they  have  l)een  relied  upon,  therefore,  as  a  sure  and 
easy  test  for  the  existence  of  bl<KK|, — that  is,  hemoglobin.  The 
test  is  one  that  has  been  much  used  in  medicolegal  cases,  and  may 
he  carried  out  as  follows:  A  bit  of  dried  blood  is  powdered  with  a 
few  cn'stals  of  NaCl.  Some  of  the  powrler  is  place<i  upon  a  glass 
slide  and  covered  with  a  cover-slip.  By  means  of  a  piix'tte  a  drop 
or  two  of  glacial  acetic  acid  is  nm  under  the  slip,  and  then  by  draw- 
ing the  slide  re|)eat4?dly  through  a  Hame  the  acid  is  evaporated  to 
dryness,  taking  care  not  to  heat  the  acid  so  high  as  to  cause  it  to 
boil.  After  the  evaporation  of  the  acitl  water  is  nm  imder  the  slip 
and  the  sjxK'iiucn  is  ready  for  examination  with  the  microscope. 
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HemochromfHjtm  (r,^H,,,\^Fe05  ?}  is  olitainecl  when  herhopToRiT 
is  dccomix>se(l  by  acids  or  alkalies  in  the  absence  of  free  oxygen.  By 
oxidation  it  is  c'onverte<i  to  heniatin.  HemochmmogeJi  is  crystal- 
line, and  gives  a  characteristic  absorption  spertnim. 

Hematoporphjrin  (C^^Hj^N/Jg)  differs  from  the  preceding  deriv- 
atives of  hemoglobin  in  that  it  contains  no  imn.  It  may  be  ob- 
tained fn)m  heniatin  by  the  action  of  strong  acids,  and  is  of  much 
physiological  interest  l>ecansc  of  its  relatioiisliip  to  the  bile  pigmejite, 
which,  Hke  it,  are  iron»free  derivatives  of  the  hemoglobin.  In  old 
blood-clot»s  or  extravasations  it  has  long  been  known  that  a  colored 
cr\'Stalline  pntdiict  may  be  fonne<l.  This  product  was  designated 
as  hematoithn  by  Virchow  and  later  was  stated,  on  the  one  hand,  to 
l>e  identical  with  the  bile  pigment,  bilinibin,  and,  on  the  other  hand, 
to  lie  isomeric  with  hematojK)rphyrin.  I^ter  ohser\'ers  have 
prepared  from  hemat<>iioq)hyrin  by  careful  reduction  a  suljsta.nce 
designatt*d  as  niesoporphyrin.  It  contains  one  less  oxygen  atom 
than  the  hcnmtoi>f>rphyrin,  and  Ls  claimed  to  l>e  identical  with 
hematoidin.  Another  fact  of  great  general  interest  is  that  from 
plant  chlomphyl  there  may  be  prepared  a  compound,  phylloporphy- 
rin,  vcr>'  similar  to  the  mes()|H>rf)hyrin.  It  would  appear  from  this 
relatioaship  that  the  red  coloring  matter  of  the  blood  and  the 
green  coloring  matter  of  plants  are  compwunds  that  have  some, 
similarity  in  chemical  structure. 

Histohcmatins. — This  niimc  is  a  general  term  that  has  been  given 
to  the  coloring  matter  found  in  the  tissues,  so  far  as  it  has  the 
property  of  taking  up  oxygen.  The  red  coloring  matter  in  some 
muscles  is  an  example  of  such  a  compound  and  has  l>ccn  designated 
specifically  as  myohematin.  According  to  most  obsen'ers,  myo- 
hematin  is  iilentiral  with  hemoglobin, — that  is,  the  muscle  sul)8tanoe  ^ 
contains  3c»ine  henxtglobin, — and  we  may  suppose  thjit  its  presence  fl 
in  the  tis.sue  furnishes  a  further  means  for  the  tninsportatioa  of 
oxygen  to  the  muscle  protoplasm. 

Bile   Pigments  and    Urinary   Pigments. — These    pigments    arc 
referred  to  in  the  description  of  the  composition  of  bile  and  urine.  ^M 
In  this  conneftirm  the  fact  may  l>e  empha-sized  that  each  of  them  iafl 
supposed  to  be  derive^l  frfjin  hemoglobin,  and  each  constitutes,  so 
to  speak,  a  form  of  excretion  of  hemoglobin.  ^ 

Origin  and  Fate  of  the  Red  Corpuscles. — The  mammalian  red  H 
corjniscle  is  a  cell  that  has  lost  its  nucleus.     It  is  not  prolwibie,  there- 
fore, that  any  given  corpuscle  lives  for  a  great  while  in  the  circulation. 
This  is  made  more  certain  by  the  fact  that  hemoglobin  is  the  mother  fl 
substance  from  which  the  bile  pigments  are  made,  and,  as  these  " 
pigments  are  being  excreted  continually,  it  is  fair  to  suppose  that 
red  corpuscles  are  as  steadily  undergoing  disintegration  in  the  blood- 
stream.   Just  how  long  the  average  life  of  the  corpuscles  may 
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been  ileterniinpd,  nor  is  it  certain  where  and  how  they  go 
8.  It  has  been  siiggeste*!  that  their  destniftion  takes  place 
in  the  spleen,  but  the  obaer\'ations  arivanped  in  support  of  this 
hyjwthesis  arc  not  vcr>'  nuincmus  or  conrliiaive.  Among  the  rea- 
Bona  given  for  ossunxing  that  the  spleen  is  especially  concerned  in 
the  destruction  of  red  corpuscles,  the  most  weighty  is  the  histo- 
logical fart  that  one  can  sometimes  find  in  teased  preparations  ot 
spleen-tissue  certain  large  cells  which  contain  red  corpuscles  in  their 
cell-Ktibstance  in  various  stuges  of  disintegration.  It  has  been 
8up|)Oscii  that  the  large  cells  actually  ing<'st  the  red  corjiuacles, 
selecting  those,  presumably,  that  arc  in  a  state  of  physiological  de- 
cline. Against  this  idea  a  nmnber  of  objections  may  be  misetl. 
Large  leucocytes  with  red  coqjuscles  in  their  interior  are  not  found 
BO  frequently  nor  so  constantly  in  the  spleen  as  we  .should  expect 
would  l>e  the  case  if  the  act  of  inge-stion  were  coastantly  going  on. 
There  is  some  reason  for  believing,  indeed,  that  the  whole  act  of 
ingestion  may  t>c  a  postmortem  phenomenon;  that  Is,  after  the 
nrsfiitinn  of  the  blood-stream  the  ameboid  movements  of  the  large 
leucocytes  continue,  while  the  red  corpuscles  lie  at  rest, — conditions 
that  are  favorable  to  the  act  of  ingestion.  It  may  l>e  added  also 
that  the  bloo<^i  of  the  splenic  vein  contaias  no  hemoglobin  in  solu- 
tion, indicating  that  no  considerable  dissolution  of  red  corpuscles  is 
taking  place  in  the  spleen.  Moreover,  complete  extirpation  of  the 
spleen  docs  not  seem  to  lessen  materially  the  normal  destruction 
<rf  red  corpuscles,  if  we  may  measure  the  extent  of  that  nonnal 
destruction  by  the  quantity  of  bile  pigment  formed  in  the  liver, 
remembering  that  hemoglobin  is  the  mother-suhetance  from  which 
the  bile  pigments  are  derived.  It  is  more  jjrobable  that  there  is  no 
special  organ  or  tissue  charged  with  the  function  of  destroying  red 
corpuscles,  but  that  they  undergo  disintegration  and  dissolution 
while  in  the  blood-stream  and  in  any  part  of  the  circulation,  the 
libenited  hemoglobin  being  carried  to  the  liver  and  excreted  in  part 
bile  pigment.  The  continual  ik^tniction  of  red  corpuscles 
implies,  of  course,  a  continual  formation  of  new  ones.  It  has  bcea 
shown  satisfactorily  that  in  the  adult  the  organ  for  the  reproduction 
of  red  corpuscles  is  the  red  marrow  of  bones.  In  this  tissue  heyna- 
topoieM,  as  the  process  of  formation  of  red  corpuscles  is  termed,  goep 
on  rontinually.  the  proi-ess  being  miu*h  increased  after  hemorrhages 
and  in  certain  pathological  conditions.  The  details  of  the  hitto- 
k>gical  changes  will  be  found  in  the  text-l>ook.s  of  histology-.  It  is 
Bufhriejit  here  to  state  simply  that  groups  of  nucleated,  colorless 
cells,  er>'throl>last.s.  are  found  in  the  red  marrow.  These  cells 
multiply  by  karj'okinesU  and  the  daughter-cells  eventually  produce 
hemoglobin  in  their  cytopla.sm.  thus  fot-ming  nucleated  red  ror- 
pu84'leB.    The  nuclei  are  sulisequently  lost,  either  by  dinintegration 
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or  hy  extnisinn.  and  the  newly  f<n*me<l  non-nucleatefl  red  forpviscles 
(ervthrocvtesl  are  forcpd  into  the  blotMl-slreum,  o\nng  to  a  gnulual 
change  in  their  j>ii>it.ion  (lurint:  cievelopment  caused  by  the  growing 
hematopoietic  tissue.  When  the  process  Is  greatly  accelerated,  as 
after  severe  hemorrhages  or  in  certain  pathological  eonditiomt. 
red  corpuscles  still  r^tainine;  their  nuclei  (normoblast:* >  may  l)e 
found  in  the  rirrulating  hloml,  having  l>een  force<i  out  prematurely. 
Such  corpuscles  may  suhseipicntly  lose  their  nuclei  while  in  the 
bloo<l-stream.  In  the  embryo,  hematopoietic  tissue  is  found  in 
parts  of  the  body  other  than  the  marrow,  notably  in  the  liver  and 
spleen,  which  at  tiiat  time  serve  its  organs  for  the  production  of 
new  retl  corpuscles.  In  the  Vik^od  of  the  young  embiyo  nucleated 
reil  coipiisdes  are  at  first  abun<hmt,  but  they  become  less  numerous 
as  the  fetus  grows  older.*  It  is  interesting  to  note  that  in  the 
adult  after  sevei*e  anemias — e.  gf..  pernicious  anemia — and  in  rabbits 
after  the  injection  of  saponin  the  spleen  may  again  take  on  its 
hematopoietic  function.  The  venous  sinuses  l>ecome  crowded  with 
cells  of  the  marrow  type.t 

Variations  in  the  Number  of  Red  Corpuscles. — The  average 
number  of  red  corpuscles  for  the  aitult  male,  as  has  been  stated 
already,  is  usually  given  as  .5,0(K),(KK)  per  c.mm.  The  number 
is  found  to  varA*  greatly,  however.  Outride  pathological  con- 
ditions, in  which  the  diminution  in  number  may  be  extreme,  dif- 
ferences have  been  observetl  in  human  beings  under  such  conditions 
as  the  following:  The  number  is  less  in  females  {4.500»000);  it  varies 
in  individuals  with  the  constitution  nutrition,  and  manner  of  life; 
it  varies  with  age.  being  greatest  in  the  fetus  and  in  the  new-bom 
child;  it  varies  with  the  time  of  the  day,  showing  a  distinct  diminu- 
tion after  meals;  in  the  female  it  varies  somewhat  in  menstruation 
antl  in  pregnancy,  being  slightly  increased  in  the  former  and  di- 
mini.shed  in  the  latter  condition. 

VarUUion  with  Altitufk. — Perhaps  the  most  interesting  of  the 
conditions  that  may  influence  the  number  of  the  blood  corpuscles 
is  a  change  in  altitude.  Attention  was  first  directed  to  this  point 
by  Bert  .J  whr*  believed  that  the  diminished  supply  of  oxygen 
in  high  altitudes  may  be  compensated  by  an  increased  amount  of 
hemoglobin,  and  subsequently  ViaultS  demonstrated  that  living  for 
a  short  time  at  verv'  high  attitudes  (4000  meters')  causes  a  marked  in- 
ci'ea'^p  in  the  nimilier  of  red  corpuscles. — an  increase,  for  instance, 
from  .5,IK){),(:KX>  per  c.mm.  to  7,000,000  or  even  8.(KK).0()0.     This  fact 

•Howell.  '*Life  Hi-'itorj'  of  the  Blood  Corpuscles, *'  etc.,  "Jmimal  of 
Morphology,"  1890.  vol.  iv.;  Bunting,  "Univ.  of  Pennsylvania  Medical  Bullfr- 
lin."  190:{.  xvi.,  200. 

t  See  Bunting.  "The  Jaumnl  of  Rxprrimental  MpHirine."  HI06.  x-iii..  625, 

t  Bert.  "La  prestiiori  bnrom(5trique, "  IS78.  p.   1108. 

I  Viauit,  "Compter  rendu^  de  racad^mie  de«  sciences,"  L890  and  ISMl. 
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%§B  since  been  investigtitCKi  with  great  care  by  a  large  imml)er  of 
•ers  and  underagreat  variety  of  conditions.  The  obaen'ation 
been  abundantly  confirmed,  and  indeed  it  would  seem  thut  the 
reaction  takes  place  ver>'  quickly.  Within  twenty-four  hours, 
acconling  to  some  ol>servers.  and  in  U^ss  tiuje,  according  to  others 
«- ho  have  experimenteil  durin;^^  |)all(K)a  asscensions  (Ciaule,  Hallion, 
anil  Tissot),  the  increase  in  the  nuHd)er  of  corpuscles  niay  be  de- 
tected, although  the  maximum  increase  comes  on  more  gradually. 
According  to  Kemp  *  the  numljer  of  blood  plates  is  also  greatly 
'incrwiaed  by  high  altitudes,  while  the  leucocytes  are  not  afTocted. 
There  hajs,  however,  been  much  (lilTerence  of  opinion  aa  to  whether 
this  increase  in  numl)er  of  the  red  corpuscles  is  relative  or  absolute, 
— that  is,  whether  the  total  nuinfjcr  of  rt^I  corpuscles  in  the  blood, 
and  therefore  probably  the  total  amount  of  hemoglobin,  is  increased, 
or  whether  it  is  simply  an  apjjarent  increjise  due,  for  instance,  to  a 
diminTition  in  the  water  of  the  blood  and  a  conseciuent  concentration 
as  regards  the  nimiber  of  porpuscles.  or  to  a  vjiriarion  in  the  distri- 
bution of  the  corpuscles  l>etwcen  the  vessels  4>f  the  skin  aiui  those 
fVf  the  internal  organs.  The  results  pulilisluxl  upon  tiu^r  (piestions 
ive  lieen  conHicting.  (.)ne  may.  however.  l>elieve  that  the  in- 
(creased  numl)er  or  concentration  of  red  corpuscles  Ls  an  adaptation 
by  means  of  which  the  oxygen-pa^^^'ing  capacity  of  the  bloinl 
js  raised  to  comf)ensiite  for  the  diminished  amount  of  oxygen  in  the 
air.  According  to  one  set  of  observers,  this  aduptalion  is  brought 
about  by  an  alxsolute  increase  in  the  total  numl>er  of  red  coipusdes, 
and  therefore  in  the  total  amount  of  hemoglobin.  There  seems 
to  be  little  doubt  that  such  a  change  occurs  in  cases  of  long  residence 
in  high  altitudes,  and  we  may  assume  that  the  diminishetl  amount 
of  oxygen  in  the  air  or  some  other  condition  peculiar  to  these 
altitudes  acts  as  a  stimulus  to  the  blootJ-forming  tissues  (red  mar- 
row) and  aupnents  the  output  of  torpusrles  and  hemoglobin. 
Zuniz  and  his  I'O-workcrs  have  shown  in  experiments  upon  dogs 
that  there  is  u  visilde  increase  in  the  reil  marmw  of  the  Ixines  as 
ft  result  of  living  for  some  months  at  a  high  altitude.  According 
to  another  set  of  oV>ser\ers.  the  adaptation  is  brought  about  by  a 
concent mtion  of  the  bUxxl.  The  blood-plasma  is  retluced  in 
qttantity.  perhaps  by  transudation  of  water  into  the  tissues,  and 
therefore  the  number  of  reil  corpuscles  and  the  amount  of  hemo- 
globin bet'orae  greater  for  each  cubic  millimeter.  If  we  assume 
that  this  smaller  bulk  of  bl(«>d.  more  ctincentrateii  in  corpuscles 
ftnti  hemoglobin,  circulates  more  rapidly,  then  also  the  oxygen- 
carrying  capacity  of  the  blood  is  increaseil.  In  favor  of  this  view. 
Al>«lerhftlden,  for  instance,  has  claimed  that,  if  animals  of  the 
same  species  and  same  Utter  are  bleil  to  de-ath  ami  the  total  quan- 
•  Kpmp.  *'  American  Journal  of  Fhywology."  10.  34.  1904. 
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tity  of  hemoi^lobin  is  e-stimated.  ihe  average  figures  obtained  for 
the  anitnaLs  at   low  levels  are  the  same  ajs  for  those  at  the  hijih 
altiiuUes.     '/Amti  has,  however,  called  attention  to  the  fact  thai 
when  AhderhuUlen's  figures  are  estimated  per  kilogram  of  weigiil 
they  show  an  increiuse  in  total  hemoglobin  in  the  higli  a!titutie:t. 
and    he  and    other   observers    have   obtained   similar   results.    U 
seems  certain,  therefore,  that   high  altitudes  cause  evenlually  &| 
marked  increase  in  the  production  of  red  corpusclest,  but  that  the] 
veiy  sudden  changes  of  this  kind   reported  by  some  authors  ;i* 
happening  within   a   few  hoin-s   must   be  considered   as  apparenti 
rather  than  real,  and  ai'e  to  l>e  explained  by  some  change  in  the] 
water  contents  or  in  the  distribution  of  the  blood.* 

Physiology  of   the  Blood  Leucocytes. — The  function  of  ihi 
I>lood  leucocytes  has  been  the  subject  of  numerous  investigations,' 
paiticularly  in  connection  with  the  pathobg}'  of  blood  diseases.^ 
Although  many  hypothoiies  have  been  made  as  the  result  of  thil 
work,  it  cannot  be  said  that  we  possess  much  positive  information 
to  the  normtd  function  of  these  cells  in  the  Ixxiy.     It  must  be  lx)rnel 
in  mind,  in  the  first  place,  that  the  blood  leucocytes  are  not  all  thi 
same  lilstologically,  and  it  may  be  that  their  functions  are  as  thvei 
as  their   morpho]og>'.     Various   classificatioas   have    been 
based  upon  one  or  another  difference  in  microscopical  structure  anc 
reaction,   luit  at  pi'esent  the  system   most  used  is  that  adopted] 
by    Ehrlich-t     According    to    this    nomenclature,    the    white   cor- 
puscles  fall   into   two   main   groups. — the   lymphocytes   and   the 
leucocytes, — and  each  of  these  into  two  or  more  subgroups.     Thus: 


,  Lymphocytes.  No  granules  in  the  cell  substance,  and,  thouRh  capable  of 
ainet>oid  changeH  of  form,  this  proi)erty  is  not  ctuiructcrisiic  and  prob- 
tthly  not  suflicieiit  to  ('au-ie  looomotiou. 

(fl)  Sjtiail  hjmphoci/t4Ui  arc  al>out  ihc  size  of  the  red  corpudclcs;  the  nu- 
cleus is  large,  synimttritally  placed,  stains  homoeeiietnisly,  and  the 
cyto]>la.sm  is  rpdiiced  io  n  very  small  amount.  Th**y  fonn  from  'JO 
to  25  per  cent,  of  all  the  white  corjiuscles. 

(6)  Large  ttfmp/iociftes.  Two  to  three  limes  as  large  aa  the  preceding. 
Nuclpas  somewhat  ecreiitric;  the  cjrtopUsm  is  relatively  more 
abundant  than  in  a.  but  non-granular.  These  forms  exist  only  in 
email  numbers,  forming  1  per  cent,  or  leas  of  the  whit^  corpuscles^ 
n.  Leucocytes.  Granules  of  different  sort*  found  in  the  cvtophwm.  Cells 
churucteristicuUy  ameboid. 

(o)  Transiiuin  fonns  (uninueltjar  leucocytes).  Single  larpr  nucle\w.  more 
or  leas  lohuluted;  cyt/»plft,srn  nUundant  and  faintly  RrajQulated.  The 
granules  stain  with  neutral  dyes  and  are  therefore  designated  as 
neutrophilc  granules.  The  name,  transition  form,  impUeB  that  thaw 
leuweytes  represent  an  int^rme<liate  stage  between  the  large  lvnip>to- 
cytes  and  the  followng  variety.  This  fonn  cxista  in  smaB  numbers, 
— 2  to  lU  percent,  of  the  total  number  of  white  corpuscles.  ^m 

♦For  the  extensive  literature  see  \'an  Voornveld,    'Das   Bhu  im   Hocb^| 

febirge/'-'PHiiger's  Archiv."  92.   1.   11*02;  ZuntK  et  al..  "HOhenklima  und 
tergwandenmgon  in  ihrer  Wirkung  auf  den  Mensehen, "  1900. 

t  Ehrlich,  "Die  Anaemie, "   1898;  see    also   Seenuum,   "  BraebaiRw  dewi 
Physiologic."  3,  part  i.,  19U4. 
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(6)  Polifnucltar  or  polymorphonurUar  lextcoryfen.  Thp  nucleus  Ja  seg- 
mented inU»  lubes  cDruiected  by  narrow  strands.  Tlie  cytoplasm 
is  esp**ciivlly  ameboid  and  Ls  Rranular.  The  jrrmnttl**  in  tnopl  cases 
are  neiilroplulir  and  ftniall  in  siKe.  The  lA-jiical  cells  of  this  kind 
forat  tlie  bulk  of  the  wliite  C!or])ii.s<'lert  uf  the  blood. — (>0  to  75  per 
cent.  EonintiphUic  leuctn-ytfx  form  a  subpmup  of  this  variety.  They 
have  a  similar  s<»pnented  niicleiLs,  but  the  cytoplasm  contains  nu- 
merous a>anse  granules  that  stain  in  neid  dyv»,  such  as  vosln,  whence 
the  name. 

(e)  Afoal  ceiU.  Thww  peculiar  celfc*  exist  in  ver>'  fmall  number?  under 
normal  conditions. — l(*s  than  1  per  cent,  of  the  total  number  of 
white  corpuscles.  They  have  n  polynKirphic  nucleus  like  the  pre- 
ceding group,  but  differ  in  the  fjict  that  the  granules  in  the  cyto- 
plasm are  strongly  basophilic, — that  is,  will  staiu  only  with  basic 
dyes,  such  as  thionin. 


I 


\ 


Acconiing  to  some  authors  the  small  lymphocytes  are  cells 
that  have  an  origin  and  function  different  fmnj  those  of  the  gninular 
leucocytes.  While  the  latter  are  supposed  to  originate  frani  cells 
(leucoblast3.  myeloblasts)  in  the  bone  marrow,  the  lymphocytes 
are  produced  in  the  nodules  of  the  lymph  gljinds  ;ind  lym])hoid 
tissue,  and  enter  the  blood  thi-oujih  the  lytuph  rireulutimi.  Othei-s, 
however,  lay  stress  on  the  fact  that  lymphocytes  occur  in  the  hone- 
marrow  and  hohi  that  it  is  possible  or  probable  that  the  lympho- 
cytes of  the  blood  may  be  fleriveci  from  the  marrow  tissue  as  well 
as  from  the  lymphoid  tissue.  The  subject  is  one  that  at  present  is 
discussed  chiefly  in  conne<*tion  with  the  patholog}*  of  blood  dis- 


VariAtiozis  in  Niunbcr,— lender  normal  conditions  the  total 
iiumt>er  of  leucocytes  may  show  considerable  variation;  the  aver- 
ii|ce  n«ml>er  in  health  varies  usually  l>etween  5000  and  70UU 
per  cubic  millimetor.  A  distinct  increase  in  ntimbcr  is  designated 
as  a  condition  of  leucocytosis,  a  marke<l  diminution  as  a.  condition  of 
Uutopenw.  Ijeucocytosis  occurs  under  various  normal  conditions, 
such  ns  tligestion,  exercise  or  cold  baths,  pregnancy,  etc.  The 
variations,  relative  or  absolute,  under  pathological  conditions,  have 
l»eeM  stu<iie<l  with  exhaustive  care  as  an  aid  to  diagnosis  and  classi- 
fication. 

Ftmctions  of  the  Leucocytes. — Perhaps  the  most  striking 
property  of  the  leucocytes  as  a  class  is  their  power  of  making 
aniel»oid  movements. — a  characteristic  which  has  gained  for  them 
Uie  sobriquet  of  "wandering*'  cells.  By  virtue  of  this  property 
some  of  thena  are  able  to  migrate  through  the  walls  of  blood  capil- 
laries into  the  surrounding  tissues.  Tliis  process  of  migration  takes 
place  normally,  but  is  vastly  accelerated  under  pathological  con- 
ditions. Afi  to  the  fimction  or  functions  fulfilled  by  the  leucocytes, 
numerous  suggestions  have  been  made,  some  of  which  may  be 
stated  in  brief  form  as  follows:  (1)  They  protect  the  l>ody  from 

•See  Emerson,     ainical  Diagnosiii, *'  11K)6,  p.  483. 
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pathogenic  haotrria  and  other  forei^  cells  or  organisms.  In 
explanation  of  this  action  it  has  l)een  suggested  thut  they  mav 
either  ingcj?t  bacteria,  and  thus  destroy  them  directly*,  or  thev 
may  form  certain  substances,  bacteriolysins,  thut  deetroy  the 
hnctcria.  The  wonderful  protective  adaptation  of  the  botiy  des- 
ignated  hy  the  term  "biological  reaction'*  has  already  been  referred 
to  (p.  309).  The  formation  of  immune  substances  in  the  bloo<!  is 
attrihuteil,  in  part  ut  leiu^t*  to  the  leucocytes.  lieucocytes  thai 
act  by  ingesting  the  bacteria  are  spoken  of  at?  " phagocytes "(^tt^£/>, 
to  eiU;  yjJTu-,  eel!).  This  theorj^  of  their  fimction  is  usually 
designated  as  the  "phagocytosis  theory  of  Metchnikoff";  it  is 
founded  upon  the  fact  that  the  ameboid  Ieucoc>-tes  are  known  to 
ingest  foreign  particles,  including  bacteria,  with  which  they  rnme 
in  contact.  One  of  the  most  interesting  recent  developments  ia 
patliology  in  this  connection  is  the  discovery  (Wright)  that  this 
power  of  the  leucocytes  to  ingest  bacteria  depends  upon  the  presence 
in  the  plasma  of  certain  substances  designated  us  opsonins  (from 
difi'ivEii.,  to  prepare  food  for).  While  the  nature  of  the  opso- 
nins is  not  known,  their  amount  can  be  determinetl  relatively 
for  tUfferent  bacteria  by  the  degree  of  phagocyting  activity  of  the 
Ieuc(»cytes.  Whether  or  not  there  is  a  specific  opsonin  for  each 
pathogenic  organism  la^  a  subject  still  under  discussion,  (2)  They 
aid  in  the  absorption  of  ia\^  fmm  the  intestine.  (3)  They  aid  in 
the  absorption  of  peptones  from  the  intestine.  It  may  be  noticed 
here  tliat  these  theories  apply  to  the  leucocyte:^  found  so  abundantly 
in  t!ic  lymphoid  fu^t*ue  of  the  alimentar>'  canal,  rather  than  to  thos« 
contained  in  the  blood  itself.  (4)  They  take  part  in  the  process 
of  blood  coagulation.  A  complete  statement  with  reference  to 
this  fimction  must  l)e  retw^rveil  until  the  phenomenon  of  coa^la-j 
tion  is  de^crilied,  (51  They  help  to  maintain  the  normal  composi- 
tion of  the  filood-plasma  in  pix>teins.  It  may  i^  said  for  this  view 
that  there  is  considerable  evidence  to  show  that  t!)e  leucocytes^ 
normally  undergo  disintegration  and  dissolution  in  the  eircuUitingj 
blood,  to  some  extent  at  least.  The  blood  proteins  are  peculiar, 
and  they  are  not  forme<l  directly  irom  the  digested  fo<Kl.  It  ia 
possible  that  the  leucocytes,  which  are  Ihe  only  typical  cells  in 
the  blood,  aid  in  keei^ing  up  the  normal  supply  of  proteins.  From 
this  standpoint  they  might  Im?  regarded  in  fact  as  unicellular  glands, 
the  products  of  their  metabolism  sen'ing  to  maintain  the  normal 
composition  of  the  blood-plasma.  The  fonnation  of  granules 
within  the  sid)stance  of  the  eosinophile.s  offers  n  suggestive  analogy 
to  the  accumulation  of  zymogen  granules  in  glandular  cells. 

Physiology  of  the  Blood  Plates*— The  blood  plates  are  small,! 
circular  or  elliptical  bodies,  nearly  homogeneous  in  structure  and( 
variable  in  size  (0.5  to  5.5  fi).  but  they  are  always  smaller  than  the| 
red  corpuscles.     Less  "is  known  o^  \.\\cvt  otv^vu,  fate,  and  functionsj 
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than  in  the  case  of  the  leucocytes.*  Wlipn  removed  from  tlie  ("ircu- 
lating  blootl  they  are  known  to  disiiitei^rate  very  rapidly.  'I'liis 
peculiarity,  in  fact,  prevented  them  from  l>eing  discovered  for  a  long 
time  after  the  blmHl  had  been  studied  microscopically.  It  haa  been 
shown  that  they  are  jiirmrd  elements,  and  not  simply  precipitates 
fn)m  the  plasma,  as  was  suggested  at  one  time.  The  theor>'  of 
Hayeiu,  their  real  discoverer,  tliat  they  develop  into  red  corpuscles 
may  also  Iw  considered  as  ernmefnis.  There  is  eonsidemhle  evi- 
dence to  show  that  in  ahed  blood  they  take  part  in  the  process  of 
coagulation.  The  nature  of  this  evidence  will  he  described  later. 
On  account  of  their  small  size  and  somewhjit  indefinite  form  the 
structure  of  the  blood  plates  is  not  satisfactorily  known.  Dcetjent 
has  demonstrated  that  they  are  caimble  of  ameboid  movements. 
When  removed  from  the  blood  vessels  to  a  glass  slide  they  usually 
agglutinate  into  larger  or  smaller  musses,  swell,  and  disintegrate, 
but  if  received  upon  a  surface  of  agar-agar  which  has  been  made  up 
with  physiological  saline,  together  with  some  sodium  me1{iphr>s- 
phaTe  iNaPO^).  they  flatten  out.  show  a  rentral  gramdur  portion 
and  a  |x»ripheral  clear  layer,  ami  may  make  iiuite  active  ameboid 
movements.  Deetjcu  claims  also  that  they  possess  a  distinct 
nucleus.  This  latter  statement  is  perhaps  doubtful,  as  other 
report  that  the  material  which  stains  like  a  nurleiis  is 
as  separate  graiudes  in  tlie  interior  tif  the  ])hite.  The.se 
though  doul>tless  of  nutdear  material,  do  not  have  the 
morphological  aj>pearan(.'e  of  a  cell  nueleus.  It  remains,  therefore, 
uncertain  whether  the  blood  plates  are  to  be  considered  as  inde- 
pendent vfAh  or  as  fnigment.-^i  of  disintegrate*!  cells.  On  account 
of  their  tendency  to  agglutinate  and  dii^solve  when  the  blood  is  shed 
it  is  difficult  Xa\  obtain  reliable  data  as  to  their  miml>ers  tuider 
normal  and  pathological  conditions. J  The  results  obtained  by 
later  ol)6er\'ers  using  special  methmis  to  pi'event  known  soiirces  of 
error  indicate  that  the  average  numl)er  may  be  .500. (MM)  per  cubic 
millimeter.  The  extremes  reported  var>'  from  2(M),0(»  or  200.01)0 
to  778.000.  Under  certain  pathological  conditions,  especially  in 
pernicious  anemia  and  lymphatic  leukemia,  their  numlxir  is  greatly 
rwluced.  Outside  the  part  that  they  take  in  the  formation  of 
thnnnbi  and  in  the  initiation  of  coagidation,  nothing  is  known 
of   their   f\mction   under   normal   conditions. 

'  Wrielit  <**Bo«lon  Me*iical  and  Surj^cal  JoiimftI,"  June  7.  I'.KMl) 
lUtention  to  a  rrlntionHhip  J>elworn  the  IiIocmI  plates  and  the  giant  cells 
■  „..  ^  marrow  tmr^nlnk.iryocyt4?s).  and  venture.'*  the  opinion  tliat  the 
liiillttTi  (MbcIknI  |)itr«'»  uf 'the  cj'toplusm  of  the  giant  celU. 

♦  "VirchowV  .\rchiv  f.  path.  Anat.  u.  Physiol.."  164.  23fl.  1901. 

X  For  a  mimmarN'  of  the  literature  ami  methods  consult  Kemp,  "Jourtml 
of  the  Amerirnn  Me«lie»l  Association."  April  7  and  U.  11KM»,  and  Pratt.  ibiH., 
Drc.  :iO,  11*0.1.  J\\**  preMTvative  solution  reconimendeti  by  Pratt  consists 
t4  WKliiim  n»«M,inhoflphate.  2  crams;  wMiiiirn  chjorid.  0.*J  gram;  watt-r,  100  c.c. 
Thai  prefprrvil  by  Kemn  in,  furnmlin  <4(l  jkt  rent.,  aqueoufi  solution  of  for- 
maJdrhvd),  10  c.c.:  Bodiuni  chloriil  (1  f>er  cent.  Kihuionl.  150  cc 
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CHAPTER  XXIII. 

CHEMICAL  COMPOSITION  OF  THE  BLOOD-PLASHA ;   CXX 
AGULATION;  QUANTITY  OF  BLOOD;  REGENERA- 

TION  AFTER  HEMORRHAGE.  ■ 

Composition  of  the  Plasma  and  Corpuscles. — Blood  (plasma 
and  curpLi&clcs)  contains  a  great  variety  of  aubstanoes,  as  niight  be 
inferred,  from  its  double  relations  to  the  tissues  as  a  source  of 
nutrition  and  as  a  means  of  removing  the  waste  products  of  their 
funeti<jnal  activity.  The  eoustituents  tliat  may  be  present  in 
normal  hlond-plasma  are  in  jiart  ileliiiitely  known  and  in  part 
entirt^ly  tinknriwn  from  a  fherriiral  st'iiKipoint,  Some  idea  of  the 
complexity  of  the  comjxjsition  may  be  obtained  from  the  following 
table: 


OOMPOSmOM    OF    THE    BLOOD-PLASMA, 
Water,  Uxtoen,  Carbo.v  Diox:d,  Nitrogen. 


f  Filmnogt^n, 
I 


/  Euglobtilin. 


ProUin, ^  Paraglnbulin  -    iv-„d^,<,bulia. 

Sorum-albumin. 


Extractives^ — that  is,  8ubstancef<  other 
than  proteins  that  may  l>e  ex- 
tracted from  tlie  dried  residue  by 
water,  alcobol,  or  etlier. 


of 


Enzytyies  and  unknowns. 


Chlorida 
Carbonates 
Sulphates 
Phosphates 

Internal  secretions. 

Immune  bodies  (Ambooeptore). 

roniplements. 
{ )psf»iiinR. 

A  number  of  detailed  chemical  analyses  of  the  blood  of  different 
animals,  so  far  as  its  constituents  can  be  determined  by  analytical 
methods,  have  been  reported  at  different  times.    The  following 
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Nucleo- protein. 

FiiU. 

Sugar. 

Urea. 

Jeoorin. 

(Jlucuroaic  acid. 

Lecithin. 

Cholp-st^rin 

Lactic  aciJ. 


Sodium. 

Pota«.siuiu. 

Calrium. 

Ma^csium. 

Iron. 
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table,  taken  from  Abderhaldcn,*  and  showing  the  composition  of 
dogs'  blood,  may  serve  as  an  example: 

1000  PAHTB,  DT  1000  PaHW,  BT  1000    PaRT«.  BT 

WtniiiT,  or  Bluod        Weicmt.  or  8e-      Weu;mt,  or  (okcu*- 

CONTAIM  KCM  COMTAIN  OJO*  CONTAIN 

Wat/rr   H10.()5  923.98  644.26 

Solub ISO  95  76.02  365.76 

Hrmo«lobin J33.4                         327.52 

Protrin 39.58  60.14  9.918 

8u«ar 1.U9  1.82 

OuilrHterin 1.298  0.709  2.155 

Lcvilhin   .'. .  2.052  1.699  2.668 

Fat 0.631  1.051 

F»Uy  acids 0.759  1.221  0.088 

Pho^iboric  arid: 

M  nuclein 0.054  0.016  0.110 

NM> 3.675  4.263  2.821 

IWi 0  251  0.226  0.289 

,MPb OM}                     1.573 

[CiO 0.062  0.113 

IhO 0.052  0.040  0  07 1 

CT. 2.935  4.023  1 .352 

PA 0.809  0.242  1.035 

luorniiic : 

PA 0.576  0.080  1.298 

The  same  constituents  in  much  the  same  proportions  are  found 
in  the  blood  of  all  the  mammalia  Dxamineii.  The  amount  of  protein 
in  the  senim  Ls  greater  in  some  ca^es  than  in  others, — in  the  dojr, 
for  instance,  according  to  Abderhalden's  analyses,  the  protein 
Ainountd  to  only  6  per  cent.,  while  in  the  horse  it  may  be  7  or  8  per 
cent.  So  also  there  are  small  variations  in  the  amount  of  cholos- 
terin,  sugar,  and  other  constituents,  but,  on  the  whole,  the  composi- 
tion of  the  liquid  part  of  the  blood,  blooii-senim  or  bl<xxl-plasma, 
is  remarkably  uniform  so  far  as  chemi<*al  analyses  po.  We  know, 
however,  thut  the  physiological  properties  of  mammalian  senim  may 
be  very  different  indeed;  that  the  serum  of  a  dog,  for  instance,  will 
kill  a  rabbit  when  injectetl  into  its  vessel.  Such  physiological  dif- 
ferences as  this,  however,  depend  upon  constituents  which  can  not 
be  defined  or  determined  by  chemical  means.  The  chemical  com- 
position of  the  blood-serum  differs  from  that  of  the  red  corpuscles  in 
a  nuniljer  of  respects  in  addition  to  the  presence  of  hemoglobin  in 
llie  latter.  The  corpuscles  contain  no  sugar  nor  fat,  a  larger  amount 
of  cholesterin,  lecithin,  phosphoric  acid,  and  potassium,  and  less 
aodium  and  clilorin.  The  red  corpuscles  of  different  mammalia 
show  a  remarkable  variation  in  the  amount  €>f  potassium  salts 
contained.  Thus,  according  to  Brandenburg,  UX)0  parts  by  weight 
of  the  red  corpu.'^'les  contJiin  the  following  amounts  of  K^O  in 
different  mammalia:  Cat,  0.258:  dog,  0.257;  man,  4.204;  horse, 
4.1)57;   nibbit,  5.22<). 

•  "ZeitAchnft  f.  phyBiologiache  Chcmie,"  25,  88,  1898. 
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Proteins  of    the   Blood-plasma.— The  general  properties  and 

rcjutions  of  proteins  und  the  rohiteil  fompound-s,  as  well  as  a  cloijci- 
fication  of  those  ocrinTing  in  the  animal  hwly.  ai-e  de.scribed  briefly 
in  the  Appendix.  This  tlescription  should  lie  remi  l»efort?  aitetnpi- 
in^  tn  study  the  proteins  of  tlie  plasma  and  the  pati  they  take  ia 
coagulation.  Three  proteins  are  usually  described  as  existing  in  iliej 
plasma  of  cireulatinp:  blood, — namely,  fibrinogen,  paniglobtilin, 
or.  as  it  is  sometimes  called,  "seruin-irlobulin,"  and  i^erum-albumin. 
The  fin^t  two  of  these  pniteins,  fibrinogen  and  parncloliulin,  lielong 
to  the  group  of  «;]ol)uUns.  and  lienc-e  have  many  properties  in  com- 
mon. Serum-albiimin  l^longs  to  the  group  of  so-called  "nativi 
albumins,"  of  \vhi<-h  e.Eg-albumin  constitutes  another  member. 

Serum-alhurmn. — Tliis  sub:?1:ince  is  a  t\'pical  protein.  It  can  lie] 
obtiiincd  readily  in  nr>'.sta!line  form  from  the  horse's  blood.  It«' 
percentage  composition,  according  to  Michel,  is  as  follows:  C,53.0S;j 
H,  7.10;  N,  15.93;  S,  1.90;  O,  21.96. 

Its  molecular  comixisition,  according  to  Schmiedeberg,*  may  \t%\ 
representeil  by  C^pHj^jN^^SOj,  or  some  multiple  of  this  formula, 
Seruni-alliuniin  slunvs  the  general  reactions  of  the  native  albumins. 
One  of  its  most  useful  reactions  is  it«  behavior  toward  magnesium 
sulphate  and  anmionium  sulphate.    Serum-albumin  usually  occure  in 
the  body-liquids  together  with  tlie  ;.rlolndins,  as  is  the  ease  in  blood.. 
If  such  a  liquid  is  thoroughly  t^aturated  with  &olid  magnesium  &ul 
phate  or  half  saturated  with  ummonium  sulphate,  the  globulir 
are  precipitated  completely,   while  the  albumin  is  not  affected. 
So  far  as  the  blood  and  similar  liqxuds  are  concerned,  a  definition 
of  senim-ulbutnin  mi;;ht  l>c  given  by  saying  that  it  comprises  all 
the  proteins  not  precipitated  by  saturation  with  magnesium  su 
phate  or  by  half  saturation  with  ammonium  sulphate.      When  i\ 
solutions  have  a  neutral  or  an  acid  reaction,  serum-alhuniin 
precipitated  in  an  insoluble  form  liy  heating  the  .solution  alx>ve 
certain   degree.     Precipitates   produced   in    this   way   by    heatlni 
solutions  of  proteins  are  spoken  of  as  coagulation.'? — heat  coagula- 
tions— and   the  exact   tempemture  at   which  coagulation   ck:c\ 
is  to  a  certain  extent  characteristic  for  each  protein.     The  tem- 
perature of  coagulation  of  semm-albumin  is  usually  given  at  from' 
70°  to  75°  C,  but  it  varies  preatly  with  the  conditions. — for  in- 
stance, with  the  reaction  of  the  solution,  it.s  concentration  in  salts^ 
or  with  the  nature  of  the  salts  pi*esent.     It  has  been  asserted, 
in  fact,  that  careful  heatinti;  under  proper  comlitions  givet^  separatei 
coajrulations  at   three  different    temperatures. — namely.  7'}°.  77° 
and  S4°  r..^ndicatinp  the  possif)ility  that  what  i.s  callefl  *'senim- 
albumin"    may  l>e  a   mixture  of   three  proteins.     Serum-albumia 
occurs  in   blood-pla-sma  and   blood-serum,  in  lymph,  and  in  the 
different   normal  and  pathological  exudations  found  in  the  body^ 
•  "Archiv  f.  pxj>er.  Pathol,  u.  Pharmakoi.,"  39.  1.  1897. 
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8Uch  as  pericnniial  liquitl,  hyilroi'ele  fluid,  etc.  The  amount  of 
aMiim-alhumin  in  the  blood  varies  in  different  animals,  ran^in^ 
Among  the  mammalia  from  2.67  per  cent,  in  the  horse  to  4.52  per 
cent,  in  man.  In  some  of  the  cold-blootied  animals  it  occui>  in 
au^p^L•^irl;^ly  small  quantities, — 0.36  to  0.6<»  per  cent.  As  to  the 
souR'C  or  origin  of  serum-albumin,  it  is  frequently  stated  that  it 
ronieaj  from  the  digested  proteins  of  the  foo<i.  It  is  known  that 
protein  material  in  the  fooil  i.s  not  change*!  at  once  to  serum-allninun 
during  the  act  of  dijjejstion;  indeetl.  it  is  known  that  the  final  pnxlurts 
of  digestion  are  a  group  of  proteins  of  an  entirely  different  char- 
acter.— namely,  peptones  and  proteoses. — or.  indeetl,  a  steries  of 
much  ^simpler  split  products;  l.mt  during  the  act  of  absoqUion 
into  the  blooil  the^i  latter  bodies  have  l>een  suppose*!  to  undergo 
traasformat ion  into  ^enmi-albumin.  From  a  physiological  stand- 
point aenmi-albumin  is  often  coiundered  to  l^e  the  main  source  <jf 
protein  nourishment  for  the  tissues  generally.  As  will  Ijc  explained 
in  the  section  on  Nutrition,  one  of  the  most  important  requisites 
in  the  nutrition  of  the  cells  of  the  body  is  an  .idfiiuate  supply  of 
protf'in  material  to  replace  that  used  up  in  the  chemical  changes, 
the  meUilMilism,  of  the  tissues.  Senim-albumin  has  been  supposetl 
to  furrusli  a  part»  at  least,  of  this  supply,  although,  as  a  matter  of 
fact,  there  i.s  no  aul>stantial  proof  that  this  view  is  correct.  As 
long  as  the  serum-allnnnin  is  in  the  blood-vessels  it  is.  of  course, 
cut  off  from  the  tLssuea.  The  cells,  however,  are  bathed  directly 
in  hinph,  ami  this  in  turn  is  formed  from  the  plasma  of  the  blood 
which  is  transuded  or,  according  to  some  physiologists,  secreletl 
through   the  vessel  walls. 

Fnrai^lobfxdin.  which  belongs  to  the  grouj>  of  globulins,  exhibits 
the  general  reactions  characteristic  of  the  group.  As  stated  above. 
it  is  completely  pre(*ipitated  fmm  its  solutions  by  saturation  with 
magneeium  sulphate  or  by  half  saturation  with  ammonium  sulphate. 
It  is  incompletely  precipitated  by  saturation  with  common  salt 
(NaCI).  In  neutral  or  feebly  acid  solutions  it  coagulates  upon 
heating  to  75°  C.  Hammarsten  gives  its  percentage  composition 
aa:  C,  52.71;  H.7.01:  N,  I5.S5;  S.  1.11;  ().  23.32.  Schmiedeberg 
gives  it  a  molecuhr  composition  corresponding  to  the  formula 
C,,7H,„N*,^S*3„  +  iHjO.  According  to  Faust,  the  precipitate  of 
panvgtobulin  usually  olttiiined  with  magnesium  sulphate  contains  a 
certain  amount  of  an  albuminoid  body,  glutolin,  which  he  believes 
to  be  a  constant  constituent  of  blood-plasma.  ParaglobuUn  occurs 
in  blood,  in  lymph,  and  in  the  normal  and  pathological  exudations. 
The  amount  of  paraglobulin  present  in  blo*>d  varies  in  different 
animals.  Among  the  manmialia  the  amount  ranges  from  1.7S  per 
cent,  in  rabbits  to  4.56  per  cent,  in  the  horse.  In  human  blood  it  is 
L^ven  at  3.10  per  cent.,  l>eing  less  in  amount,  therefore,  than  the 
H&nmi-albumin .     It  is  usually  stated  that  more  of  tliis  protein  is 


424 


BliOOD   AND    LYMPH. 


found  in  the  senini  than  in  the  plasma.  This  fact  is  exj>lained 
supjxjsing  that  ckiring  coagulation  some  of  the  leucocytes  <Usinte- 
grate  and  part  of  their  substance  passes  into  solution  as  a  globulin 
identical  with  or  closely  resembling  fMiraglobulin,  Paraglobulin  as 
obtained  from  blood-senmi  hy  haif  saturation  with  animonium 
sulphate  or  full  saturation  with  nmguesiuin  sulphate  does  not  behave 
like  a  chemical  individual.  Portions  of  it.  for  instance,  are  precipi- 
tated by  COj  or  by  dialysis,  and  portions  are  not  so  precipitated. 
Recently,  therefore,  it  has  Ix^n  assumed  that  paragtobitlin  is  in 
reality  a  mixture  of  two  or  possibly  three  different,  although  re- 
lated, proteins.  Tlie  separation  usually  given  is  into  euglobulin 
and  pseud<jglobuliu,  euglobulin  being  the  portion  precipitated  hy 
auunonium  sulphate  when  added  to  one-third  saturation  (28  to  33 
j)er  cent.),  and  pseudoglobulin  the  portion  precipitated  only  by 
one-half  saturation  (134  to  5(J  per  cent.).  The  latter  portion  shows 
properties  more  nearly  i-eJated  to  the  albumins.*  The  whole  basis 
of  classification  is,  howe\'er»  unsatisfact-or)'  and  prQ\isional  (aee 
apjwndix).  It  is  even  stated  that  under  certain  conditions  of 
temperature  and  reaction  serLmi-albumin  may  lie  converted  to  a 
globulin  body  that  ])pe{'ipiUites  upon  one-half  saturation  with 
ammonium  sulpfiate.f  The  origin  of  paraglobulin  remains  imde- 
termined.  It  may  arise  from  the  digested  jiroteins  absorbed  from 
the  alimentJin*  canal,  but  there  is  no  evidence  to  support  such  a 
view.  Another  suggestion  ik  that  it  fomes  fmm  the  disintegration 
of  the  leucocytes  (and  otlier  fonned  elements)  of  the  blood.  These 
lK)die^s  arc*  known  to  contain  a  small  ciuantity  of  a  globulin  resem- 
bling paraglobulin,  and  it  is  possible  that  this  globulin  may  l>e  hber- 
atcd  after  the  dissolution  of  the  leucorytes  in  the  pla.sma,  and  thus  go 
to  make  up  the  normal  supply  of  jvaraglohulin.  Several  obser\'erst 
have  claimed  that  during  stan-ation  the  proportion  of  globulins 
in  the  blood  is  incre.a.sed  relatively  or  ahsf»lutely.  A  possible 
explanation  is  that  the  increase  is  due  to  cell  globulins  received  from 
the  tissue.-^  which  fnust  undergo  ^leatniction  and  dissolution  in  pro- 
longer!  fasting.  The  fact  remains,  however^  that  our  knowledge  is 
too  incomplete  at  present  to  venture  any  positive  statements 
regarding  the  origin  and  specific  functions  of  the  paraglobulin. 

Fibrinogen  is  a  protein  belonging  to  the  globulin  class  anti  exhibit- 
ing all  the  general  reactions  of  thi.s  gniup.  It  is  distinguished  from 
paniglobulin  by  a  number  of  special  reactions;  for  example,  its 
temperature  of  heat  coagulation  is  much  lower  (56°  to  60°  C),  and 

•  Porgee  and  Spiro,  "Beitrfige  lur  chem.  Physiol,  u.  Pathol.,"  3,  277, 
1903;  and  Freund  and  Joachim,  "Zcitachrift  f.  phyaologiache  Chemie,"  36, 
407.  1902. 

t  Moll.  "Bcitrage  zur  chem.  Plivsiol.  li,  Patlifil.  "  4.  501.  1903. 

J  See  St.  Githens,  "BeirriKre  zur  chem.  Phvsiol  u.  Pathol.,"  5,  61ft,  1904; 
alao  IvTwinski,  "Pfliiger'e  Archiv  f.  d.  K<samnile  Phvsiol.,"  100,  611,  1(KJ3 
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It  Is  cotnpletdy  thrown  down  from  its  solutions  hy  saturation  with 
sodium  chlorid  as  well  as  with  magnesium  sulphate.  Its  most 
important  and  distinctive  reaction  is,  however,  that  im<ler  proper 
conditions  it  gives  rise  to  an  insoluble  pn)tein,  fibrin,  whose  forma- 
tion is  the  essential  phenomenon  in  the  coagulation  of  blood. 
Fibrinogen  has  a  percentage  composition,  according  to  Hanimar- 
«t€n.  of:  C.  52.93;  H,  6.9();  \,  16.66:  S,  1.25;  O.  22.26;  while  its 
molecular  composition,  according  to  Schinietleberg,  is  indicated  by 
the  formula  C.^H.^jX^^SOj,. 

Fibrinogen  is  found  in  blood-plasma,  lymph,  and  in  some  cases, 
though  not  always,  in  the  nonnal  and  pathological  exudations.  It 
is  absent  from  blood-serum,  being  used  up  diuing  the  process  of 
elotting.  It  occurs  in  very  small  quantities  in  bloo<i,  compared 
with  the  other  proteins.  There  is  no  good  inetho<l  of  determining 
quantitatively  the  amount  of  fibrinogen,  l>ut  estimates  of  the 
amount  of  fibrin,  which  cannot  differ  very  much  from  the  fibrinogen, 
show  iJiat  in  human  blood  it  varies  from  0.22  to  0.4  per  cent.  In 
bone's  blood  it  may  be  more  abundant, — 0.65  per  cent.  .-Vs  to  the 
ori^n  and  the  special  physiological  value  of  this  protein  we  are,  if 
possible,  more  in  the  dark  than  in  the  case  of  paraglobulin,  with  the 
exception  that  fibrinogen  is  known  to  be  the  soiutre  of  the  fibrin  of 
clotted  blood.  But  clotting  is  an  occasional  phenomenon  only. 
What  nutritive  function,  if  any,  is  poeseesed  by  fibrinogen  under 
normal  conditions  is  unknown.  No  satisfactory'  account  has  been 
given  of  its  origin.  It  has  been  suggested  by  diffenmt  imestigators 
that  it  may  come  from  the  nuclei  of  disintegrating  leucocytes  (and 
blo<M]  plates)  or  from  the  dissolution  of  the  extnuled  nuclei  of  newly 
made  red  corijusclew,  but  here  again  we  have  only  8i>eculations,  tlxat 
can  not  be  accepted  until  s<Jiue  exiHrirnentid  proof  is  advanced  to 
support  them.  It  may  be  added  that  there  is  some  evidence  to 
indicate  that  the  fibrinogen  Lh  pntduced  in  the  liver.  Thus  Doyon 
and  his  co-workera  *  have  shown  tliat  when  Ihe  fibrinogen  is  re- 
nx)ve<l  from  bloo<l  by  defibrinating  and  the  hl«MKl  is  then  iietumed 
to  the  animal,  new  fibrinogen  is  produced  within  a  few  hours. 
In  frogs,  at  least,  the  new  fibrinogen  Is  not  manufacture<i  if  the 
hver  is  removed,  and  in  dogs  it  is  also  stated  that  after  removal 
of  the  liver  the  blmwi  may  become  incoagulable  owing  to  a  disap- 
pearance of  fibrinogen. 

The  folhiwing  table  t  gives  some  recent   results  of  analyses  of 

blood  which  indicate  the  average  amounts  of  the  different  proteins 

in  the  blood-plasma  of  .several  animals.   The  figures  give  the  weight 

of  the  protein  in  grams  for  100  c.c.  of  plasma. 

•  T>oyon  et  al.,  "t\  R.  Soc.  de  Hioi.,"  Ix.,  6tXi,  681.  860.     See  aI«o  Xolf. 
'Aroliivc*  imcmftt.  de  Physiol.,"  1W)5,  iii.,  1. 
t  Lewiiwki,  foe,  rit. 
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SCBDU- 
TOTAL    PbOTKIW.       ALWVUU*,      pABAOWJOrUK.       FlBntSfHlKX. 

Mail 7.20  4.01  2.S3  0.42 

Dog 6,03  3.17  2.26  0.60 

Sheep 7.20  3.83  3.00  0.46 

Horee 8.04  2.80  4.79  0.45 

Pig 8.05  4  42  2  98  0.65 

Otfur   ProleiuA  of  the  Blood-serum   or  Blood -piatmiQ.  —  From  time  to  tiiosl 
other  proiein  bodies  liavc  lMH_'n  described  in  tlie  serum  or  pliisam  of  the  blood. 
la  ttie  serum  after  coagxilution  Uamraari»ten  hutf  obtained  a  globulin  body, 
Hbrin-gloiiutin,  ^viiicl)  he  Hiip[K)ses  may  be  split  off  from  the  6brinogen  diini 
the  act  of  clotting,     rausi,  as  wus  mentioned  above,  describes  an  olbuminoit 
substance,  \)iuioiin,  which  is  present  in  the  blood  and  is  usually  prectpitaiedl 
together  with  the  para^lobulin.     A  number  of  observers  have  nol«l  the  rx-j 
istence  in  blood  of  a  protein  nut  coagulated  by  lieat.     By  K>nie  authors  tliii* 
1ms  bwrn  described  as  a  peptone  or  an  idhun;o.*e  (LanK^tetn).  by  uthere  as  on 
ovnmnrnid  (Zanetti).  and  hy  otlier.-^  still  (t'habri*'')  ju-*  a  peculiar  protein  for 
which  the  name  (dfmmon  U&s  bwn  projmsed.      By  others  still  this  non-coapj- 
lable  pnjteiii  obtained  from  serum  or  uhi-sma  has  l>eeu  explained  u*  an  ortifici 
proiiiict  arininp  from  the  globulins  or  tlie  l_>I(x>d  durinR  the  |in>ress  of  rcmoVf 
ing  the  coagulablo  i>rotein5  by  heating.     So,  too.  nucleoprolein  subtJtanc 
imve  been  ile.scribed  in  the  blorwi-serum  by  several  ub.ser^'ersi,  nio»t  recently 
Krcund  ami  Joachim.      It  i'^  quite  possible,  however,  that  the  substanrt' 
scribed  as  nucleoprotetn  i.s  in  reality  a  mixture  or  combination  of  lecithin  ai 
protein.     Mofit  of  the  pputetn  whuti  precipitated  from  the  blood  ca.rrii?s  du\ 
with  it  Home  lecithin,  and  will  then-fore  show  a  reaction  for  phoHph>trus.     \{ 
can  be  shown  that  the  phosphorus  present  is.  in  most  caws  at  least,  rcnioi 
able  by  boiling  with  alcohol,  and  there  is  at  present  no  entirely  Batiefmct 
proof  that  nuclcoppotein  exists  in  the  blood. 

Coagulation  of  Blood. — One  of  the  most  striking  properties  of 

blood  is  its  [xiwcr  of  eltjtting  or  coagulating  shortly  after  it  escapeoH 
from  the  blood-vessels.     Tlie  general  clianges  in  the  blood  durin^H 
tltis  process  are  easily  followed.    At  first  perfectly  fluid,  in  a  few 
minutes  it  l>ecomeg  viscons  and  then  sets  into  a  soft  jelly  which^— 
qtiickly  becomes  firmer,  so  tlaat  the  vessel  containing  it  may  b^^H 
inverte^^l  without  si>illing  the  blood.    The  clot  continues  to  groi^H 
more  compact  and  gradually  shrinks  in  volume,  pressing  out  ^H 
smaller  or  larger  quantity  of  a  clear,  faintly  yellow  liquid  to  which 
the  name  blood-serum  is  given.     The  essential  part  of  the  clot  is  the 
fibrin.     Fibrin  is  an  insoluble  prot'Cin  not  found  in  normal  blood. 
In  shed  blood,  and  under  certain  conditions  in  blood  wlule  still  in  the 
blood-vessels,  this  fibrin  is  formed  from  the  soluble  fibrinogen. 
The  deposition  of  the  fibrin  is  peculiar.     It  is  precipitated,  if  the 
word  may  be  used,  in  the  form  of  an  exceedingly  fine  network  of 
delicate  tlireads  that  jjernieate  the  whole  mass  of  the  blood  and  give 
the   clot   its   jolly-like  character.     The  shrinking  of   the   thread^H 
causes  the  subsetjuent  contraction  of  the  clot.     If  the  blood  lias  nocH 
been  disturbed  during  tlie  act  of  clotting,  the  red  corpuscles  are 
caught  in  the  fine  fibrin  ineahwork,  and  aa  the  (*lot  shrinks  these 
corpuscles  are  held  more  lirtjdy,  oidy  the  clear  litjuid  of  the  blood 
being  squeezed  out,  so  tlint  it  is  possible  to  get  specimens  of  seniniH 
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inuy,  although  they  are  also  oaupht  nt  first  in  the  forminji^ 
meahwork  of  fibrin,  may  reatlily  pass  out  into  the  serum  in  the  later 
stages  of  clotting,  on  account  of  their  ix)wer  of  malting  amehoid 
movements.  If  tlie  L^Iood  has  l>€en  agitate*!  during  the  process  of 
clotting,  the  delicate  i»etwork  will  he  brt>ken  in  places  and  the  senim 
will  be  more  or  less  bloody — that  is,  it  will  contain  numerous  red 
corpuscles.  If  during  the  time  of  clotting  the  blood  is  vigorously 
whipped  with  a  bundle  of  fine  roils,  all  the  fibrin  is  de]>)HJted 
SB  a  string>'  mass  upon  the  whip^  and  the  remaining  UtpuJ  part 
oonaistfl  of  serum  plus  the  blood  corpus^'Ics.  Hlood  that  has  been 
whipped  in  this  way  is  known  as  ''  defibrinated  blood."  It  resembles 
iiaI  blood  in  appearance,  but  is  tiifferent  in  its  composition;  it 
not  clot  again.  The  way  in  which  the  fibrin  i.s  normally  de- 
posited may  l>e  demonstrated  ver>'  easily  under  the  microscope  by 
[facing  a  good-sized  drop  of  blood  on  a  slide,  covering  it  with  a 
cover-slip,  and  allowing  it  to  stand  for  several  minutes  until  coagu- 
lation is  completed.  If  the  drop  is  now  examined,  it  is  possible  by 
CJireful  focusing  to  discover  in  the  spaces  between  the  masses  of 
corpuscles  many  examples  of  the  ilelicate  fibrin  network.  The 
physiological  value  of  clotting  is  tlrnt  it  sto\ys  hemorriiages  by 
cloedng  the  openings  of  the  wounded  blood-vessels. 

Time  of  Clofilmj, — The  time  necessan'  for  the  clot  to  form  varies 
slightly  in  different  individuals,  or  in  the  blood  of  the  same  in- 
dividual varies  with  the  contlitions.  It  may  be  said  in  general  lliat 
under  normal  conditions  the  blood  passes  into  the  jelly  stage  in 
from  three  to  ten  minutes.  The  separation  of  clot  anil  serum  takes 
|>laoe  gradually,  but  is  usually  completed  in  from  ten  to  forty-eight 
hours.  The  time  of  clotting  shows  marked  variations  in  different 
animals;  the  process  is  especially  slow  in  the  blood  of  the  horse^ 
terrapin,  and  binls,  so  that  coagulation  of  shed  blood  is  more  easily 
prevented  in  these  animals.  In  the  human  being  also  the  time 
of  clotting  may  be  much  prolonged  under  certain  conditions — in 
fevere,  for  example.  This  fact  was  noticed  in  the  days  when  blood- 
letting was  a  common  practice.  The  slow  clotting  of  the  blood 
j>emiittcd  the  red  corpuscles  to  .sink  somewhat,  so  that  the  upper 
part  of  the  clot  in  such  cases  was  of  a  lighter  color,  forming  what 
was  called  the  "  huffy  coat."  The  time  of  clotting  may  Ik'  ,slu)rtened 
or  prolonge<l.  or  the  clotting  miiy  l>c  preventetl  altogether,  in 
various  ways,  and  much  use  has'been  made  of  this  fact  in  studying 
the  com[>osition  and  the  coagidation  of  blood  as  well  as  in  con- 
trolling  hcmorrhat^es. 

Theories  of  Coagulation. — The  clotting  of  blood  Is  such  a 
prominent  phenomenon  that  it  ha-s  attracted  attention  at  all 
times,  and  as  a  result  numerous  theories  to  account  for  it  have  l»een 
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advanced.  Most  of  these  theories  have  now  simply  an  hi5toricaI 
interest.  In  recent  \'ears  much  experimental  work  has  been  done 
upon  the  subject,  the  result  of  which  has  been  to  increase  greatly 
our  knowledge  of  the  process;  but  no  complete  explanation  has  yet 
been  reached.  It  is  generally  admitted  that  the  essential  constit- 
uent of  the  clot — namely,  the  fibrin — is  fonned  from  the  fibrinogen 
normally  present  in  the  plasma,  and  that  without  this  fibric- 
ogen  clotting  is  impossible.  If,  for  instance,  blood  is  heated  to 
60°  C,  a  temperature  sufficient  to  precipitate  the  fibrinogen  as  & 
heat  coagulum,  its  jxjwer  of  clotting  is  lost.  Gotting,  therefore,  is 
essentially  a  process  of  the  l)l*>od-plasma,  as  was  shown  indeed  by 
the  old  experimenters  (Ilewson).  Moi-eover  it  is  also  admitted  that 
the  conversion  of  the  soluble  fibrinogen  to  the  insoluble  fibrin  ia 
aceonij)lished  by  the  agency  of  an  tmorganizetl  ferment  or  enzyme, 
which  is  not  present,  in  its  active  form  at  least,  in  the  blood  while  in 
the  bl<5od-vessels,  but  is  formed  after  the  blood  is  shed  or  under 
certain  abnormal  conditions  within  the  blood-vesseJs.  These  two 
important  facts — in  the  <lefinite  form  in  which  they  are  stated — 
we  owe  mainly  to  tlie  iriNcstigationa  of  Alexander  Schriudt.*  whoee 
work  c<im|)lctcii  tlie  older  observations  of  Hewsou,  Buchanan, 
Denis,  and  Jiriii-ke.  fl 

l''il>rinogon  is  readily  prepared  by  the  method  of  Haimnarsten  ™ 
from  the  plasma  of  hon^as'  blood  that  Iiui?  l>een  kept  from  clotting 
by  cooling.  By  seveml  suc('es.sive  precipitations  with  sotlium 
chlorid  it  can  be  obtained  free  from  the  other  proteins  of  blocKi,  and 
upon  the  addition  of  a  solution  of  fibrin  ferment  it  gives  a  typical  M 
clot.  Fibrin  ferment  s(»lutions  are  prepared  by  the  method  fin?t 
suggested  by  Schmirlt.  Hlood-semm  is  precipitated  by  the  addi- 
tion of  fifteen  to  twenty  times  its  volume  of  alcohol,  and  the  precipi- 
tate is  allowed  to  stand  nnder  the  alcohol  for  at  least  fourteen  days 
in  order  to  render  the  proteins  insoluble.  The  precipitate  is  then 
dried  over  sulphuric  acid  and  extracted  with  water.  The  ariueous 
solutions  thvis  obtained  catise  solutions  of  fibrinogen  to  clot,  and 
induce  coagidation  in  certain  pathological  exudates,  such  as 
hydrocele  liquid,  which  contain  fibrinogen,  biit  are  not  spontane- 
ously coagulahle.  The  fibrin  ferment  solutions  are  destroyed  by 
moderate  heat,  50°  to  60°  C.  As  is  seen  from  the  method  of  prep- 
aration, the  ferment  is  contained  in  fresh  blood-serum.  Schmidt 
was  able  to  show,  however,  that  it  is  not  present,  in  detectable 
amounts  at  least,  in  normal  blood.  That  is,  if  blood  flowing  Jm-  ^ 
mediately  from  an  artery  is  caught  under  alcohol  and  is  treated  aaH 
describe*!  above  for  the  serum  it  yielils  nn  ferment.     The  conclvi- 

*".\roliiv  f.  Anat.,  Phv^iolnpie,  u.  Wiss.  Moiliciii,"  Htirhert  u.  du  Boi»- 
Reyniond.  1861 .  pp.  545.  ftV.i.  nnd  1862.  pp.  42S.  SA'A:  "Pfliiger's  Archiv.  t 
d.  gi-sainmle  Pliyaiol.."  6.  413,  1872;  "  Zur  Blutlehre,"  LeipKig,  1802 and  lS9i.j 
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mon,  therefore,  is  justified  that  the  active  ferment  is  formed  after 
the  blood  is  shed.  Schmidt  siibsetjuently  designated  this  ferment 
as  CArom&in.  A  third  fact  of  essential  imjwrtance  in  theories  of  coag- 
ulation is  that  soluble  calcium  suits  are  necessan-  to  the  process. 
Tl\Li  discover>-  was  made  definitively  by  Arthus  and  Pagi^^  *  who 
showed  that  blood  reoeiveil  into  an  oxalate  sohition,  so  as  to 
precipitate  the  calcium,  does  not  clot.  Subsequent  addition  of  a 
solution  of  a  calcium  salt  induces  clotting  promptly. 

We  may  say,  theref<»re,  that  there  are  three  fibrin  factors  which 
are  undoubtedly  concerned  in  the  production  of  fibrin, — namely, 
fibrinogen,  calcium  sails,  and  thmmbin.  Two  of  these  exist  in  the 
circulating  blood,  one  of  them,  the  fennent,  is  formed  after  the  blood 
is  shed.  Ob^'iously,  therefore,  we  may  conclude  that  the  main 
reason  for  the  clotting  of  the  blood  when  shed  is  the  formation  of 
thrombin.  The  difficulties  in  the  way  of  an  adequate  explanation 
of  the  formation  of  the  thrombin  and  its  mode  of  action  are  ver>' 
great. 

The  theories  that  have  been  proposed  in  recent  years  are  numer- 
ous and  conflicting.*  It  has  long  been  l)elievcd  that  the  for- 
mation of  the  thrombui  is  initiated  by  the  breaking  down  of  the 
formed  elements  in  the  blood, — the  leucocytes  and  the  hUxxi  pUites. 
Concerning  the  amount  of  destruction  of  leucocytes  in  shed  blood 
opinions  still  difler.  Wiiile  some  observers  reiM>rt  tlmt  they  lUs- 
Lntegratc  in  Lirge  numbers  when  the  l>kK>d  escapes  from  the  ves- 
sels, others  deny  that  they  show  any  marked  immetiiate  efTect  of 
such  a  change  in  environment.  Concerning  the  blood  plates  there 
can  be  no  doubt.  Immediately  after  the  shedding  of  bUxKi  and 
within  the  time  that  prece<lea  nonnal  coagulation  these  Htnjctures 
Agglutinate  an*.!  then  dissolve  or  disint-egnite.  There  is  rruich 
€\idence  to  show  that  the  fibrin  is  deposited  first  in  the  neighbor- 
hood of  these  agglutinated  masses  of  blood  plates,  and  mr>re<»ver 
that  any  reagent  or  condition  that  prevents  or  retards  the  breaking 
down  of  the  plates  i)revenls  or  delays  the  clotting  of  the  blood. 
We  may  believe,  therefore,  that  the  blooil  plat^es  (and  leucocytes) 
give  rise  to  some  sulwtancc  or  .substances  necessary  in  the  forma- 
tion of  the  thrombin. 

According  to  a  thet>ry  |)m|M»stHl  by  Pekelhariug  and  formerly 
much  quoted,  it  was  suggewtwl  lliat  the  »hssolution  of  the  formeti 
elements  liberates  a  nu<*leoprotein  which  then  combines  with  the 
calcium  present  to  form  a  calci\im  nucleoprotein  compound  which 

•  "  Arrhive*  de  physiologic  iiomuUe  et  pathologiqiie."  fifth  series.  2.  73SI. 
1890. 

t  For  recent  theoricM  &nd  lite-ature  fiee  Morawits,  'Beitrige  xur  chem. 
P>ivMol.  ti.  Pttthol."  4.  3St.  1004.  nn.i  "  Deuiftrhea  Arrhiv  f.  klin.  Me<l.." 
IWk,  Uxix..  1  ami  215;  I-'uld.  Zcntralblatt  f.  PliyKioL."  17.  .529,  IW:};  Nolf. 
'Arch,  intomat.  de  Phyiriol.."  1906,  iv..  165;  Loeb.  "The  Medical  News," 
April  ].  1905. 
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constitutes  the  thrombin.  This  compound  reacts  with  the  fibrin- 
ogen to  form  an  insolubie  calcium  compt>un(l.  the  fihrin.  This 
thwjry  may  be  expressed  iu  simple  form  by  an  equation  of  this 
kind: 

Ca  niicleoprotein  +  fibrinogen  —  Ca  fibrinogen. 
(Tlimnihin.)  (Fibrin.) 

Hamniarsteu  has  shown  that  the  latter  part  of  this  theory  is  not 
correct.  Fibrin  as  ordinarily  fomicd  does  contain  much  calcium, 
but  when  a  calcium-free  solution  of  fibrinogen  is  brought  into  reac- 
tion with  a  calcium-free  ferment  soKition  (blood-serum)  a  tA'pical 
clot  is  formed  the  fibrin  of  which  is  practically  free  from  calcium. 
This  result  also  enables  us  U)  draw  the  imixirtant  conchision  that 
the  calcium  is  not  essential  to  the  process  of  clotting  after  the 
thrombin  is  once  formed^and  that  therefore  its  role  probably  comes 
in  in  the  production  of  the  tlu-ombiu. 

Some  riM'cut  ol»scrvcrs  hold  to  the  view  that  the  active  throm- 
bin is  formed  from  an  imiclive  antecedent  substance  which  is 
designat-ed  usually  as  prothrnmhin.  Schmidt  and  othei-s  ^>eheve 
thiit  the  prf)thr(jml>in  exists  profnrmpfl  in  blood-plasma  and  that 
it  niiiy  I>e  couvcrtfil  into  active  thrnmhin  by  certain  substances 
arising  from  the  bkiod  rorpus<'lps  or  indee<l  from  many  tissue  cells. 
These  substances  h\t.  descril>ed  as  zymophustic  sulwtances  (also 
c>tozyms,  con^idins,  or  thronilM^kinases),  Others  have  considered 
tlmt  the  c.ilrium  salts  constitute  the  efficient  zymoplastic  substance 
that  converts  the  pmtlimmViin  to  thrombin, — a  view  that  is  con- 
tained in  the  first  part  of  Pekclharing's  theor>'.  given  above. 
At  present  it  woid<l  seem  that  the  \iew  advocated  by  Morawitz 
explains  l>est  the  numerous  oKservations  that  aie  on  reoonl. 
According  to  this  iiuthot'  fibrin  ferment  results  from  the  interaction 
of  three  suKstances.  One  of  these,  coiTcsponding  in  a  general 
way  to  a  proferment,  is  found  chiefly  in  the  blood  plates.  When 
these  elements  disintegrate,  this  substance,  which  the  author  desig- 
nate-^ as  1 1 iroml >ogen .  is  lilseral ed .  Thmml togen  alone  cannot 
convert  the  fibrinogen  to  fibrin.  In  order  foi-  it  to  pnxluce  this 
effect  it  must  be  activated  by  the  combined  influence  of  calcium 
salts  and  a  thromKiokinnse.  The  latter  substance,  presumably 
of  an  enz^'me-nature,  can  l>e  extracted  from  the  tissue-elements 
in  general  and  in  the  l>loo<:l  may  be  obtained  from  the  white  or  the 
red  corpuscles  or  the  blood  plates.  The  activated  thrombogen 
constitutes  the  fibrin  ferment  or  thiTimbin  which  is  capable  of 
converting  the  fibrinogen  to  fibrin.  It  would  seem  that  in  ordinary 
clotting  only  a  portion  of  the  thromljogen  is  activated,  so  that 
in  the  sentm  we  find  some  thrombin  an<i  some  thi*omlx>gen.  This 
belief  is  justified  by  the  results  of  experiments  made  with  the 
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penim.  When  senim  is  added  to  a  solution  of  fibrinofjen  clotting 
place,  but  the  process  is  much  accelerated  if  at  the  same  time 
adds  some  tissue-extract  and  caliium  rhlorid.  The  efficacy 
of  the^  two  latter  substances,  which  in  themselves  are  incapable 
of  chanpng  the  fibrinogen  to  fibrin,  is  explained  on  the  asi^umplion 
thiU  ihey  activate  some  of  the  remaininp  thromlwjRen  in  the  blood- 
serum.  Delezenne  has  shown  that  if  the  blood  of  birds  is  with- 
drawn careftdly.  by  means  of  a  cannula  inserte<l  into  an  artery. 
it  clota  very  slowly,  and  if  centrifugalized  at  once  the  supernatant 
plttsmu  when  removed  may  remain  unclotted  for  some  days.  This 
result  aeems  to  be  due  to  the  fact  that  the  corpuscular  elements 
in  the  bltMjd  of  these  animals  disintegrate  less  readily.  A  similar 
remilt  holds  gooil  for  the  l>!ood  of  terrapins.  a.s  whs  pointed  out 
long  ago  by  the  present  author.  If.  however,  in  withdrawing  the 
bk>od  it  comes  into  contact  with  the  tissues. — at  the  wound,  for 
instanoe, — it  wnll  dot  quickly,  and  it  wt»uKl  api)ear  that  a  zyrao- 
p!a.<tic  mibetance  Ls  furnished  by  the  tisf*ites.  In  the  bird  the 
normal  clotting  of  the  blciod  to  stop  wimnded  vessels  must  depend 
upon  this  co-operation  fnmi  the  outside  tissues.  In  the  mammal 
the  blood  itself  contains  all  the  sources  nei'essary  for  prompt  crmgii- 
bition,  but  it  is  quite  possible  that  liere  also  the  clotting  in  onlinaiy 
hemorrhages  from  wounds  may  lie  normally  accelerated  by  zynio- 
plastie  substances  supplied  from  the  vessel  walls  or  the  .suiTountiing 
tissues. 

After  the  active  thrombin  is  formed  its  manner  of  action  upon  the 
fibrinogen  is  also  a  matter  concerning  which  we  have  little  jx^sitive 
knowledge,  Hammarsten  has  supposeti  that  the  thrombin  causes 
a  splitting  of  the  fibrinogen  molecule,  with  the  fonnaLion  of  the 
insoluble  fibrin  and  a  soluble  globulin,  fibrin  globuHn, 

p.,    .      _    /'lil>ri"-Kloh«lin 

which  can  be  found  in  small  quantities  in  the  serum  after  eoagula- 
tiofi«  This  conchision  has  not,  however,  l^een  demonstrated  to  be 
correct.  Some  observers  have  suggesterl  that  the  enzyme  causes  a 
rearrangement  in  the  structure  of  the  fibrinogen  molecule,  while 
othetB  have  given  some  reasons  for  believing  that  the  action  of  the 
thrombin  is  hydrolytic,  as  is  the  case  with  most  of  the  enzymes  of 
digeetion.  Thus,  Fuld*  states,  from  exf>eriments  upwn  the  blood- 
plasma  of  birds,  that  the  rapidity  of  clotting  varies,  not  directly 
Willi  the  amount  of  enzj'nie  (thrombin)  present,  but  rather  in  pro- 
portion to  the  square  root  of  the  amoimt,  thus  following  the  law  of 

liitz  for  hydrolytic  enzymes. 

^Summary. — By  way  of  summary  the  following  statements  may 

•  FuM.  "Beiuage  xur  chem.  Physiol,  u.  Pnthol.."  3,  514. 
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I>e  iM.ide;  The  immediate  factors  necessjury  in  coagulation  are  fibrin 
fertm^nt  (Ihruiiibiii)  uiul  (ilMiuogeii.  Cak'ium  salU  are  necessan* 
to  tlie  process  of  clotting  as  it  occurs  in  the  blood,  but  it  is  prol.table 
that  they  play  some  patt  In  preparing  the  thrombin.  It  is  probable, 
also,  that  the  foiined  elements  of  the  blood,  the  blood  plates  aad 
leuLMH-ytcH,  funiish  the  i*hief  pj-elimiuary  material  fixtm  which 
the  thrombin  is  formed.  We  may  provisionally  ad<Jpt  tlie  view 
that  thrombin  is  produced  from  an  antecedent  thrombogen  or 
prothrom!iin  which  is  flcrived  from  the  blotnJ  plates.  This  is 
converted  into  an  a<*livo  fiirm  by  the  influence  of  the  calcium  salts 
prestuit  iti  the  plasuui  and  a  thnmibokina.'sc  wliich  Ls  furnished 
by  the  piat<?s  or  the  leucocytes  and  can  l>e  obtainol  from  the  tissues 
generally.  The  process  may  be  representetl  schematically  as 
follows: 

calcium   salts  -f  zjrmoplnfltic   Rubstancc    Ithrombokinasp)  = 


Thromhogen 

thrumbin. 
Tiirombin   r   fibrinoRon 


fibrin. 


In  this  last  reaction  the  fibrinogen  disappears  entirely,  so  that  none 
is  fouml  in  the  serum  after  clotting.  The  thmmbin.  on  the  con- 
trary, like  other  enzymes,  is  not  tlestroyed  in  the  reaction  and  is 
found,  therefore,  in  the  serum  of  the  clot,  together  with  pome  throm- 
bo^^en  which  has  not  been  activatetl.  The  indefinite  fonn  in  which 
it  is  neceiisary  ti>  stat«  this  theory  is  in  itself  sufficient  indication 
of  the  amount  of  additional  invest ijiat ion  which  will  have  to  be 
made  before  we  shall  lie  in  a  position  to  explain  satisfaclorily 
the  entire  history  of  the  act  of  dotting. 

Why  Blood  Does  Not  Clot  Within  the  Blood-vessels— An- 
tithrombin. — The  reason  that  blood  remains  fluid  within  the  bloiKl- 
vcJvsels  and  coaj^iilates  in  a  few  minutes  after  being  shed  would  seem 
to  be  contained  in  the  theories  of  ccjagulation  just  descrilKnl.  We 
may  assume  that  in  the  iivuig  blood-vesseld  the  formed  elements— 
leucocytt^s  and  blood  plates  — <lo  not  disintegrate  in  great  numl>ers 
at  a  time,  and  therefore  do  not  give  rise  to  any  noticeable  quantity 
of  the  antecedents  of  thrombin.  It  seems  mc»st  probable  that  little, 
if  any,  thrombin  is  actually  present  in  the  blood  under  normal 
circumstances,  and  this  in  itself  may  be  regarded  as  the  main  reasoa' 
for  the  fact  that  the  blood  remains  nnclolted.  It  is  quite  possible, 
however,  that  other  safeguards  may  exist  in  a  matter  of  such 
prime  importance.  It  ha-s  been  shown,  for  instance,  that,  when 
solutions  of  hbrin  ferment  (thrombin)  mv  injected  into  the  circu- 
lation, clotting  is  not  produced  with  the  certainty  that  one  might 
expect.  Delezenne  has  described  experiments  which  indicate 
that  the  liver  exercLse-s  a  defensive  power  in  this  respect.*  He 
states  that  when  blood-serum — containing,  as  it  normally  does 

*  "  Travaux  de  Physiologic."  L'nivcrsit^  de  Montpellier.  1K98. 
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e  •ctix'e  thrombin — is  circulated  throufch  a  living  liver  it  loses 
lu  power  of  inducing  con^culation  in  solutions  containing  fibrinogen. 
Us  thrombin  has  l^een  ([esti*oyed  or  m:ule  injirtive  by  .•some  effect 
of  the  liver,  and  it  is  ix)ssii>le.  jillhough  not  dcnioastraled  as  yet, 
that  the  liver  may  exen'Lse  such  ti  protective  action  under  special 
circumstances  during  life.  That  this  supposed  action  of  the  liver 
b  not  always  essential  ia  shown  by  the  fact  that  in  animals  from 
wliom  the  liver  has  l)een  i'emo\eil  experimentally  the  bl(io<l  doea 
n<»t  ck)t  within  the  vessels.  The  older  obtservers  were  impressed 
with  the  fact  that  blood  remains  uncoagulatcil  for  long  periotis  if 
kept  in  contact  with  what  may  1^  calletl  its  normal  surface. —  that 
is,  the  interior  of  the  henrt  or  bl(M)d-vesseis.  In  an  excise<l  heart 
or  bKx)d-veissel  the  blood,  although  at  re-st,  remains  fluid  for  a  long 
time.  It  waj3  thought  poKsible.  thei*efore,  that  the  nonnal  en- 
dotiiclial  walls  of  the  vestieL*  exercise  a  restraining  InHuence  of 
some  kind  upon  the  coagulation  of  the  blcKni.  In  recent  tiniea 
this  view  has  taken  the  form,  correspoiidinc  to  the  knowletjge  of 
the  day.  of  a  suggestion  that  an  antilrt>ily  nj-niely.  an  anti- 
thromhin — exists  in  the  blooil  and  nrtively  rctanls  or  prevents  co- 
agulation. While  some  autlK)rs  (Morawitz)  Ijelieve  that  such  an 
antithmmhin  exist-s  nnnnally  in  circulating  blood  and  is  essential 
in  maintaining  it.s  fUiidity.  others  (Schniiill)  hold  to  the  view  that 
*fflibstanees  retarding  coagulation  are  liberated  only  from  the  dis- 
integration of  the  cellular  elements  and  are  present  practiojilly, 
therefore,  only  in  the  sTiCil  blood.  Loeb*  has  not  been  able  to 
detert  the  existence  of  an  aiitithronibin  in  extmcts  of  the  inner  wall 
of  the  bloo<l-ves.sels.  It  woufd  seem  to  l)e  premature  to  accept 
the  view  that  under  nonnal  conditions  there  exists  in  the  blood  any 
substance  that  retards  or  prevents  coagulation,  although  under 
artificial  or  unusual  condition.^,  as  stated  in  the  next  {paragraph, 
such  substances  may  be  produced. 

Intravascular  Clotting. — .\3  is  well  known,  clots  may  form 
within  the  blood-vessels  in  consequence  of  the  introduction  of  for- 
dgn  materia]  of  any  kind.  Air,  for  instance,  that  has  gotten  into 
the  veins,  if  not  absorbed,  may  act  as  a  foreign  substance  and 
cause  the  same  chain  of  events  as  when  the  blood  ib  shed. — namely. 
the  disintegration  of  formed  elements,  formation  of  thrombin,  and 
clotting.  So  also  when  the  internal  coat  of  a  blood-vessel  is  in- 
jure<l  as,  for  instance,  by  a  ligature — the  altered  endothelial  cells 
act  aa  a  foreign  suljstance.  If  the  circulator}*  conditions  are  favor- 
able— for  instance,  if  the  ligated  arter>'  causes  a  stasis  of  blood  at 
that  point — there  may  be  an  agglutination  of  the  blood  plates, 
starting  at  the  injured  surface,  and  the  subsequent  fonnation  of  a 
clot.     Intravascular  clotting  may  also  ]yo  produced  by  the  injection 

•Lfo  l>Ji*b.  •  Virchow's  ArcUiv."  176,  10,  1904;  also  "  Hofmeistfir'n  Uci- 
tr.^."  o,  .VM,  1904. 
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of  other  substances.  Calf  ium  solutions  adtled  in  quantity  siifficipnt 
to  notably  raise  the  calcium  percentage  of  the  plasma  distinctly 
favor  the  process  of  clotting  and  may  lead  to  the  formation  of 
intravascular  clots.  So,  too^  injections  of  thrombin  or  of  leucocN-tes 
as  fvbtained  fmm  macerated  lymph  glands  cause  clotting.  In 
this  latter  case,  however,  it  has  been  noticed  that  if  the  quantity 
injected  is  not  sufficient  the  coagulability  of  the  blood  may  be 
distinctly  retarded  insteatl  of  bcin^  !U'eelerat4?d.  This  fact  has  been 
accounted  for  on  the  hypothesis  that  in  the  disintefi;ralion  of  ihe 
foreign  leucocytes  twf»  pnjilucts  are  formed,  one  tending  to  acceler- 
ate coap:ulation  fp«jsitive  phase  of  the  injection)  and  one  tending  to 
retard  it  (negative  phase).  Lilienfeki*  has  made  this  hypothesis 
more  specific  by  sho\\ing  that  IjTnphocytes  (and  blood  pbites) 
yield  a  nudeoprotein  which  in  turn  on  decomposition  furnishes  a 
secoiRt  nuileoproteiii,  leuronurlein,  whose  presence  fuvore  coagula- 
tion, ami  u  simple  protein,  hLston.  wiiose  action  retards  clotting. 
Delezcnne  f  has  slill  further  added  to  the  hj'pothesis  by  experiments 
which  inilicate  that  the  element  favonng  coagulation  (leueonuclein) 
is  remtiveil  or  destroyed  by  the  liver.  When  an  ins!ifficient  quan- 
tity of  leucocytes  is  injected  into  the  circulation  the  histon  action 
may  predominate,  and  thus  retard  coagulation,  while  with  larger 
quantities  and  a  more  extensive  decomposition  the  leueonuclein 
may  bring  about  clotting  Ijefore  it  is  completely  destroyed  by  the* 
liver. 

Means  of  Hastening  or  of  Retarding  Coagulation. — Blood 
coagidates  normally  within  a  few  minutes,  but  the  process  may  be 
hastened  by  increasing  the  extent  of  foreign  surface  with  which  it 
comes  in  contact.  Thus,  agitating  the  liquid  when  in  quantity,  or 
the  application  of  a  sponge  or  a  handkerchief  to  a  wound,  hastens 
the  onset  of  clotting.  This  is  eiuiily  understood  when  it  is  remem- 
bered that  the  breaking  down  of  leucocytes  and  blood-plates  is 
hastened  by  contact  \^'ith  foreign  surfaces.  It  has  been  proposed 
also  to  hfisten  clotting  in  case  of  hemorrhage  by  the  use  of  ferment 
solutions  or  of  tissue-extracts  containing  some  thrombokinase. 
Hot  sponges  or  cloths  apphed  to  a  wound  hasten  clotting,  probably 
by  accelerating  the  formation  of  ferment  and  the  chemical  changes 
of  clotting.  Coagulntiou  may  be  retarded  or  I:*  prevented  alto- 
gether by  a  variety  of  means,  of  which  the  following  are  the  most 
hnportant: 

1.  By  Cooling. — This  method  succeeds  well  only  in  blood  that 
clots  slowly — for  example,  the  blood  of  the  horse,  bird,  or  terrapin. 
Blood  from  these  animals  receive*!  into  narrow  vessels  surroimded 
by  crushe<l  ice  may  be  kept  fJuitl  for  an  imlefinite  time.  The  blood 
corpuscles  soon  sink,  so  that  by  this  means  one  may  readily  obtain 
♦Ulienfeld,  "  Zeilschrift  f.  phyBiol.Cheraie,"  J8,  473.        ^  Loc.  cU. 
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pure  blood-pLiania.    The  cooling  probably  prevents  clotting  by 
keeping  the  corpuficles  Intact. 

2.  By  the  Adian  of  Neutral  Salts. — ]Moad  received  at  once  from 
the  blowl-vessels  into  a  solution  of  such  neutral  salts  as  sodium 
sulphate  or  nuLgneaium  sulphate,  and  well  mixed,  does  not  clot.  In 
this  case  also  the  corpuscles  settle  slowly,  or  they  may  be  centri- 
fugalixed,  and  npecimens  of  plasnm  be  obtained.  For  this  puq>ose 
horaes'  or  cats'  blomi  Is  to  be  preferred.  Such  plasniii  is  known 
as  *•  salted  plasma";  it  is  frequently  used  In  experiments  in  cohjc- 
ul&tion, — ^for  example,  in  testing  the  elficacy  of  a  given  ferment 
solution.  The  best  salt  to  use  is  magnesium  sulphate  in  solutions 
of  27  jx;r  cent.:  1  part  by  volume  of  this  solution  is  usually  mixed 
with  4  partes  of  blood;  if  cats'  blood  is  used  a  smaller  amount  may 
be  taken — 1  part  of  the  solution  to  9  of  blood.  Salted  plasma 
or  salted  blood  again  clots  when  diluted  sufficiently  with  water  or 
when  ferment  solutions  are  added  to  it.  How  the  salts  prevent 
coagulation  is  not  definitely  Known — possibly  by  preventing  the 
disintegration  of  corpusclps  and  the  formation  of  ferment,  possibly 
by  altering  bome  later  stage  in  the  proi-ess. 

3.  By  the  Action  of  Oxaiutc  Sduliom. — If  blood  as  it  flows  from 
the  venels  is  mixed  with  solutions  of  potassium  or  sodium  oxalate 
in  proportion  .sufficient  to  make  a  total  strength  of  0.1  per  cent, 
or  more  of  these  salts,  coagulation  Ls  prevented  entirely.  Ad- 
dition of  an  excess  of  water  does  not  produce  clotting  in  this  case, 
but  solutions  of  some  solul)lc  calcium  salt  quickly  start  the  process. 
The  explanation  of  the  action  of  the  oxalate  solutions  Ls  simple: 
they  are  supptosed  to  precipitate  the  calcium  as  insoluble  calcium 
oxalate. 

4.  By  the  Action  of  SoHium  Fluorid. — Blood  drawn  dirc^ctjy  into 
a  solution  of  sodium  fluorid  (1  part  of  a  3  j)er  cent,  solution  of 
sodium  fluorid  to  9  parts  of  blood)  does  not  clot.  Addition  of 
calcium  salts  alone  to  such  a  mLxture  fails  to  provoke  clotting,  bu^ 
addition  of  solutions  of  thitmibin.  or  of  caU'iuni  and  zynKiplastic 
sulwtance.  will  provoke  coagulation.  The  pliu^ma  obtriinetl  by 
centrifugalizing  a  mixture  of  blooil  ami  sodium  fluorid  gives, 
therefore,  a  means  of  testing  for  the  presence  of  thrombin  (Arthus). 

5.  By  the  Injection  of  Certain  Organic  Substances. ^-Therc  are  a 
number  of  substances  which  when  injected  into  the  blood  retard 
or  prevent  its  coagulation.  For  instance,  solutions  of  ordinary 
preparations  of  pepsin^  tn-psin,  peptone,  snake  venom,  leech 
extiacts,  et'C.  Snake  venom  uiay  l>e  wonderfully  potent  in  this 
particular;  it  is  stated  tliat  so  little  as  0.(HXK)1  gm.  to  each  kilogram 
of  animal  suffices  to  destn>y  the  coagulability  of  the  blood.  Of 
these  various  bodies  solutions  of  peptone  have  received  the  most 
attention  from   investigators.     Peptone,  as  usually  obtained   by 
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digestion  experimeuLs.  ls  in  rralily  a  mixture  nf  protioses  and 
peptones.  When  injected  into  the  circulation  in  the  proportion  of 
0.3  gm.  to  each  kilogram  of  animal  the  coa^ilability  of  the  bloocl  is 
very  greatly  cJiiiiinished.  When,  however,  such  sohitinn.s  are  added 
to  freshly  drawn  bltMid  they  exercise  no  influence  ufum  ihe  coagu- 
lation. Eviilentiy,  thorofon*,  when  injected  int^>  the  MimkI  they 
provoke  a  reaction  of  souie  sort  the  pn>ducts  of  which  [)revent 
coagulation.  Delezenne's  work  given  alx>ve  offers  a  simple  ex- 
phiniilion.  Such  solutions  cause  a  rapid  <lei*tmctinn  of  leucoej'teH 
(an<i  blood  plates)  with  the  prothiction  of  leuconuclcin  and  histon; 
tl»e  fonner  substance  is  destroyed  or  removed  by  the  liver  and  the 
histon  remaining  in  the  blood  is  the  cause  of  the  non-eoagulatiou. 
Pick  and  8piro*have  shown  that  tins  action  of  peptone  sohitions  is 
not  due  to  the  j^eptone  or  the  albumoses  contained  in  it.  Wlien 
obta-ined  in  purified  form  these  substancf^s  have  no  such  effect. 
1'hey  attribute  the  action  to  a  substance,  derived  probably  from 
the  tissues  used  in  the  prepanition  of  the  peptone,  and  for  which 
they  suggest  the  name  of  pcpio^jfni.  Leech  extracts  differ  from 
solutions  containing  pejitozyni  in  that  the\'  prevent  tlie  clotting 
of  the  blood  when  added  to  it  outside  the  body.  They  evidently 
cont-ain  already  formed  a  substance  whose  action  prevents  coaguhi- 
tion.  This  substance  is  secreted  by  the  salivan"  glands  of  the  leech. 
It  has  been  extracted  from  the  glands  in  a  more  or  les.s  pure  form, 
and  is  designated  as  hirudin.  Nothing  is  definitely  known  i-egarding 
its  chemical  structui*e  or  its  mode  of  action  in  pi*eveniing  clorung. 

Total  Quantity  of  Blood  in  the  Body. — The  total  quantity  of 
blood  in  the  body  has  Ijeen  tlctermiued  appraxiraately  for  man  and 
a  number  of  the  lower  animals.  The  method  (Welcker)  used  in 
such  determinations  consists  essentially  in  fii-st  bleodiniz:  the  animal 
as  thoroughly  as  possible  and  weigliiiig  the  (juantity  of  blood  thus 
obtained,  and  afterward  wiishing  out  the  blood-vesseb  with  water 
and  estimating  the  amount  of  hemoglobin  in  the  washings. 

Gr^'hant  ("Journal  do  I'Anat.  et  do  Phvsio).."  IHS'2,  564)  Ima  devised  an- 
otlier  niPtboJ  vvliich  may  be  used  upon  tlie  li\*inp  animal,  as  follows  :  A 
specimen  of  bl<x>d  ia  takcu  from  the  animui  and  the  volume  per  oent,  of 
oxyKcn  is  determined  by  extraction  with  a  jtw^-p'imp-  The  animnl  is  then 
muae  to  bruathe  a  known  volume  of  carbon  monoxid  for  a  certain  time,  and 
the  total  ammmt  of  this  carbon  monoxid  that  is  ahsorbed  i.«*  ascertained  by 
analys^is.  A  second  specimen  of  hUwid  is  then  taken  and  it«  volume  per  cent. 
in  oxygen  ia  at^in  dctt!rmine<I.  The  difference  between  tliis  volume  per  cent. 
of  oxygen  and  that  obtained  before  the  administralion  of  ttie  carbon  monoxid 
Rives  the  vohune  per  cent,  of  carbon  monoxid  in  the  blood,  since  the  latter 
gas  dijplaoe.4  an  equal  volume  of  oxygen.  If  the  total  amount  of  carbon 
monnxi<i  absorbed  by  the  blood  is  indicated  by  V  and  the  volume  per  cent., 
tliat  is,  llie  numljer  of  c.c.  to  each  100  c.c.  of  blood,  is  indicated  by  v,  then  the 

total  quantity  of  the  blood  will  be  given  by  the  formula    -  ^  100. 
*"  Zeiuchrift  f.  pbyuol.  Cbemie/'  31.  235.  1900. 
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Tlie  average  results  oUtainetl  from  minieroius  experimentsi  are  as 
follows:  The  ratio  of  weight  of  bliRnl  to  weight  of  body  is,  iu  the 
<Jog,  7.7  per  cent.;  rahlnt  and  cat.  5  per  rent.;  birds,  10  per  cent. 
On  man  we  have  ui>on  record  two  determinationii  nn  piillotined 
criminals  made  by  Bij^choff,  which  gave  7.7  and  7.2  per  cent. 
Haldane  and  Smith,*  however,  have  devised  a  UKMlification  of 
Gr^hant's  carlx>n  monoxid  method,  which  they  have  applied  to 
living  men.  The  resuU.s  of  some  74  experiments  gave  them  an 
average  value  of  only  !y  per  cent,  for  man.  The  distribution  of 
ihLs  blood  in  the  ti.ssues  of  the  hady  at   any  time  has  l)een  esti- 

■  mated  by  Ranke.t  from  experiments  on  freshly  killed  rabbits,  as 

I  follows: 

H  Spleen 0.23  per  cent, 

m  Brain  and  cord 1.24  " 

^^^m  Kidnevs 1.63  " 

^^B  SkiD   : 2.10  "      ** 

^^H  lnl«»tine» 6.30  "       " 

^^^^V  Bones.                                         8  24  *'       " 

^^H  Heart,  lungs,  anil  great  blood-VBBBeb 22.70  " 

^^^B  Resting  muscle*, . * ^.^« 29.20  " 

^^^  Uver 29.30  " 

I  It  will  he  seen  from  inspection  of  this  table  that  in  the  rabbit  the 

I  blood  of  the  body  is  distributed  at  any  one  time  about  as  follows: 

One-fourth  to  the  heart,  hmg3,  and  great  blood-vessels;  one-fourth 

to  the  liver:  one-fourth  to  the  resting  muscles;  and  one-fotirth  to  the 

remaining  organs. 

t  Regeneration  of  the  Blood  after  Hemorrhage.— A  Uirge 
portion  of  the  entire  quantity  of  blotnl  in  the  body  may  be  lost 
suddenly  by  hemorrhapie  without  ]>roducing  a  fatal  result.  The 
extent  of  hemorrhage  that  may  be  recoveroii  from  siifely  has  Iieen 
investigated  upon  a  nimtl>er  of  animals.  Although  the  results 
show  more  or  less  indi\i(hial  variation.  It  may  l>e  said  that  in  dogs 
a  hemorrhage  of  from  2  to  3  ix»r  cent,  of  the  lx>dy-weightt  is  re- 
covered from  easily,  while  a  loss  of  4.5  per  cent.,  more  than  half 
the  entire  blooti.  will  prol)ably  prove  fatal.  In  cats  a  hemorrhage 
of  from  2  to  3  per  cent,  of  the  body-weight  is  not  usually  followed 
by  a  fatal  result.  Jtist  what  percentage  of  loss  uiay  be  borne  by  the 
bixmun  being  has  not  been  determined,  but  it  is  probable  that  a 
Ithy  individual  may  recover  without  serious  difficulty  from  the 
of  a  quantity  of  blood  amounting  to  as  much  as  3  per  cent,  of 
the  body-weight.  It  is  known  that  if  liquids  that  are  isotonic  to 
the  blood,  such  as  physiological  saline  (NaCl,  0.7  to  0.9  per  cent.) 

•  Hiildnne  and  Smith.  '*  Journal  of  PhjrsioloKy,"  1900,  xxv.,  331. 

t  Taken  fnjni  Vieronjt's  "  .-Xnutomifiche.  physiolo|i;iBche.  und  phynkaliscbe 
IHtfTX  unci  TaMIPH."  Jena,  18t)a. 

1  Fredericq:  "Travaux  du  I^boratoire  "  (rnivendt*?  de  Lii'-ge),  1,  180, 
1685. 
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^^B         or  Ringer's  solution,  are  injecteil  into  the  veins  immeduit^ly  after    T 
^^H         a  severe  hemorrhage,  recover)^  is  more  certain;   in    fact.   It  I* 
^^B        possible  by  this  means  to  restore  persons  after  a  hemorrhage  tbt 
^^B         would  otherwise  have  been  fatal.     By  an  infusion  of  this  kind.   ^ 
^^H         particularly  if  at  or  somewhat  above  the  body  temperature,  the  H 
^^H         heart  beat  is  increased,  the  volume  of  the  circulating  liquid  is 
^^H         brought  to  an  amount  sufficient  to  maintain  approximately  normal    _ 
^^m         conditions  of  pressure  and  velocity,  and  the  red  corpuscles  that  still  H 
^^H         remain  are  kept  in  more  rapid  circulation  and  are  thus  utilized  more  ■ 
^^H         completely  as  oxygen  carriers.     If  a  hemorrhage  has  not  l>een  fatal,  M 
^^H         experiments  on  lower  animals  show  that  the  plasma  of  the  blood  is  H 
^^H         regenerated  with  some  rapidity,  the  blood  regaining  its  normal  vol*H 
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^^^H                     FifE.   176. — ^To  nhnw  thp  pfF«>ct  rf  hnmnrrhaKe  upon  the  number  of  red  an 
^^^H             pUAcloD  mnd  the  lunount  of  hcmoahthiTi.— (Da wtni.)     The  ordinnlep  eKpresf 
^^^H              nf  corpuBdee  mad  mUo  the  percontufcea  of  liemoclnhin  u  stated  in  the  Ttinire- 
^^^H              Ttie  aUniiMui  giv*  (he  days  after  hemorrhage.     The  experiment  wa^  made  u 
^^^B             8.1  kcma     The  hemorrhage,  which  tasted  2.3  minutes,  was  eqtl&I  to  4.3  per 
^^H             hndy-wwcht.     An  equal  amount  of  phyidoloctcnl  aalina  (NaQ.  0^  per  oenl.) 
^^^H            Immediately. 

^^H         ume  within  a  few  hours  in  slight  hemorrhages,  and  in  fron 
^^H         four  to  forty-eight  hours  if  the  loss  of  blood  has  been  se^ 
^^H          the  number  of  red  corpuscles  and  the  hemoglobin  are  rej 
^^H          more  slowly,  getting  back  to  nonnal  r>nly  after  a  number  c 
^^H          after  several  weeks.     The  accompanying  cun'es  illustrate  t 
^^H          of  a  severe  hemorrhage  {4.3  per  cent,  of  the  l>ody-weight 
^^1          by  transfusion  of  an  efiual  volume  of  physiological  saline 
^^H          as  the  reel  corpuscles  and  t  he  amount  of  hemoglobin  are  c 

H  white  LugjB 
ihe  numbenV 
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ill  he  noticefl  that  the  lurpe  siuiilon  fnll  from  the  hemoiThage. 
day.  is  followed  by  a  slower  Lirop  in  both  fa<*iur8  during  the 
second  and  third  days.  This  latter  phenomenon  constitutes  what 
is  kno«*Ti  as  the  ixisthemorrhagie  fall.* 

Blood-transfusion.— Shortly  after  the  discover)'  of  the  circu- 
btion  of  the  blood  (Har\'ey,  162K),  the  oj>rnitinn  was  introduced 
of  transfusing  blood  from  one  individual  to  another  or  from  some 
of  the  lower  animals  to  man.  Extravagant  hofjes  were  held  as  to 
the  value  of  such  transfusion  not  only  as  a  means  of  replacing  the 
blood  lost  by  hemorrhage,  but  also  as  a  cure  for  various  infirmities 
and  diseases.  Then  and  subsequently  fatal  as  well  as  successful 
results  followed  the  operation.  It  is  now  known  to  l>e  a  dangerous 
undertaking,  mainly  for  two  reasons:  first,  the  strange  blood, 
whether  transfusecl  directly  or  after  defibrination,  is  liable  to  contain 
a  quantity  of  fibrin  ferment  sufficient,  perhaps,  to  cause  intravas- 
cular clotting;  second,  the  serum  of  one  animal  muy  be  toxic  to 
another  or  cause  a  destruction  of  its  blood  corpuscles.  Owing  to 
this  hemolytic  and  toxic  action,  whicti  has  previously  been  referred 
to  (p.  398),  the  injection  of  foreign  blood  is  likely  to  U*  dirc<lly 
injuiious  instead  of  beneficial.  In  cases  of  loss  of  lilood  from  severe 
hemorrhage,  therefore,  it  is  far  safer  to  inject  a  neutral  liquid. 
such  as  the  so-called  "physiological  salt  solution" — a  solution  of 
sodium  chlorid  of  such  a  strength  (0.7  to  0.9)  as  will  suffice  to  pre- 
vent hemolysis  of  the  red  corpuscles. 

•Dawson,  "American  Journal  of  Ph>-»ioIogy,"  4,  I,  1900. 


CHAPTER  XXIV. 
COMPOSITION  AND  FORMATION  OF  LYMPH. 


Lymph  is  a  colorless  liquid  found  in  the  lymph-vessels  as  well   ^ 
as  in  the  extravasnilar  spaces  of  the  body.     All  the  tissue  elements,  fl 
in  fact,  may  be  regarded  as  being  bathed  in  lynipli.     To  underetand   ^ 
its  occurrence  in  the  liody  one  has  only  to  bear  in  mind  its  metho*! 
of  origin  from  the  blocxl.     Throughrmt  the  entire  body  there  is  a 
rich  supply  of  l)Iood- vessels  penetrating  every  tissue  with  the  ex- 
ception of  the  epidermis  and  some  epidermal  structures,  as  the  nails 
and  the  hair.     The  plasma  of  the  blood,  by  the  action  of  physical  or 
chemical  processes,  the  details  of  which  are  not  yet  entirely  under- 
stood, makes  its  way  through  the  thin  M'alls  of  the  capillaries,  and  is 
thus  brought  into  immediate  contact  with  the  tissues,  to  which  it 
brings  the  uoLirishinent  and  oxygen  of  the  blood  and  fn>m  wliich  it 
removes  the  Wiiste  (products   of  metabolism.     This  ex tra vascular  ■ 
iymph  is  col  Wted  into  small  capillary  spaces  which  in  turn  op)en  into  V 
definite  lymphatic  vessels.     It  is  still  a  question  among  the  his- 
tologists  whether  the  lymph- vessels  form  a  closed  system  or  are  in 
direct  anatomical  connection  with  the  tissue  spaces.    Recent  work* 
supports  the  view  that  the  lymph  capillaries  are  closetl  vessels  simi- 
lar in  structure  to  the  blfx)d  capillaries.     They  end  in  the  tissues 
generally,  but  are  not  in  open  communication  with  the  spaces 
between  the  cellular  elements  or  with  the  larger  serous  ca\itiefl 
between  the  folds  of  the  peritoneum,  pleura,  etc.     From  the  phys- 
iological stand]xiint,  however,  the  hipiid  in  these  latter  cavities,! 
the  cerebrospinal  liquitl,  and  the  litjuid  bathing  the  tissue  elements 
must  be  reganled  as  a  part  of  the  general  supply  of  lymph  and  as 
being  in  communication  with  the  liciuid  contained  in  the  lymph- 
vessels.     That  is  to  say,  the  water  and  the  dissolved  substances 
contained  in  the  tissue  spaces  interchange  more  or  less  freely  with 
the  lymph  proper  found  in  the  fomied  lymph- vessels.    The  lymph- 
vessels  unite  to  form  larger  and  larger  trunks,  making  eventually 
one  main  trunk,  the  thoracic  or  left  lymphatic  duct,  and  a  second jH 
smaller  right  lymphatic   duct,  which  open  into   the  blood-vessels,  V 
each  on  its  own  side,  at  the  junction  of  the  suln'lavian  and  internal 
jugular  veins.     While  the  supply  of  lyiuph  in  the  lymph-vessels  may 

*  See  MaCallum,  **  Bulletin  of  tlte  Jobii^  Hopkins  Hospital,"  U.  1,  1003;: 
alsoSabin,  "American  Journal  uf  .\iiat(unv/'  1.  367, 1902.  and  3,  183«  I9(H. 

4-10 


I 


COMPOSITIDN   AND  FOUMATION  OF  LYMPH. 


441 


considered  as  being  derived  ultimately  entirely  from  the  blood- 
pltLiiinia,  it  m  well  to  bear  in  mind  ibjit  at  auy  given  moment  this 
supply  may  be  aitere<i  by  direct  inten-hange  with  the  phisma  on  one 
side  antl  ihe  extruvjuscubir  lymph  permeating  the  tistiiie  elements  on 
the  olhcr.  The  intravascular  lymj)!!  nmy  be  aujcniented.  for  ex- 
MBptey  by  a  flow  of  water  from  the  blood-plasma  Ijito  the  lymph 
qittOfli.  or  by  a  flow  from  the  tissue  elements  into  the  lymph  spaces 
that  Hurround  them.    The  lymph  movement  is  from  the  tLsaues 

the  veins,  and  the  flow  is  maintained  chiefly  by  llie  thfference 

pressure  between  the  lymph  at  its  origin  in  the  tissues  iui<l  in  the 

lymphatic  vessels.     The  continual  formation  of  lymph  in  the 

les  leads  to  the  development  of  a  reiaii\'el>'  high  pressure  in  the 
lymph  o-upillaries,  and  as  a  result  of  this  the  lymph  is  forced  toward 
the  point  of  lowest  pressure, — namely,  the  points  of  junction  of  the 
Urge  lymph  ducts  with  the  venous  system.  A  brief  *_liscus.sion  of 
the  factors  concerneil  in  the  movement  of  lymph  will  be  found  in 
the  section  on  Cin-ulalion.  As  would  l>e  inferred  from  its  origin, 
the  composition  of  lymf>h  is  essentially  the  same  as  tliat  of  bkHxI- 
plasma.  It  contains  the  three  blood  proteins,  the  extractives  (urea, 
fat.  lecithin,  choleslerin.  sugar),  ami  inorganic  salts.  The  salta 
are  found  in  the  same  proportions  :is  in  the  plasma;  tlie  proteins  are 
less  in  amount,  especially  the  fibrinogen.  Lymph  coagulates,  hut 
doeeso  more  slowly  and  less  firmly  than  the  [)loo(L  Histologically, 
lymph  consists  of  a  colorless  lii^uid  containing  a  nunil)erof  teuco- 
cytes,  and  after  meals  a  number  of  minute  fat  dniplcts;  red  blood 
corpuscles  occur  only  ac^cidentally,  and  blood  plates,  acconling  to 
most  accounts,  are  likewise  normally  absent. 

Formation  of  Lymph. — The  careful  researches  of  Ludwig  and 
his  pupils  were  formerly  believed  to  pn>ve  that  the  lymph  is  derived 
directly  from  the  plasma  of  the  Ijlood  mainly  by  filtration  tlirough 
the  capillar)'  walls.  Emphasis  was  laid  on  the  undoubted  fact  that 
the  blooti  within  the  capillaries  is  under  a  pressure  higher  than  that 
prevailing  in  the  tissues  outside,  anrl  it  was  flui)iTosed  that  this  excess 
of  pressure  is  sufTicient  to  apieeze  the  plasma  of  the  blood  through 
the  ver>'  thin  capillarv'  walls.  Various  comiitions  that  alter  the 
pressure  of  the  blood  were  shown  to  influence  the  amount  of  lyrnph 
foiined  in  acconbince  witli  the  demands  of  a  theon,'  of  filtration. 
Moreover,  the  compositif^n  of  lymph  as  usually  given  seems  to  sup- 
port such  a  theor>'.  inasmuch  as  the  inorganic  salts  contained  in  it 
are  in  the  same  concentration,  approximately,  as  in  blood-plasma, 
while  the  proteins  are  in  less  concentration,  following  the  well- 
known  law  that  in  the  flltmtion  of  colloids  through  animal  mem- 
branes the  filtrate  is  more  dilute  than  the  original  solution.  This 
simple  and  apparently  satisfactory  theon*  has  been  subjected  to 
critical  examination  within  recent  vears,  and  it  has  been  shown  that 
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filtration  alone  does  not  suffice  to  explain  the  conipositlon  of  the 
lyiHpk  umler  all  circumstances.  At  present  two  divergent  \'ie\i> 
are  held  ii|>ij[i  the  subject.  According  to  some  physiologists,  all 
the  tacts  known  with  regard  to  the  composition  of  lymph  may  be 
satisfactorily  explained  if  we  suppose  tliat  this  liquid  is  formed 
from  Ijlood-plasnm  by  the  combined  action  of  the  physical  processes 
of  filtration,  tliffusion,  and  osmosis.  According  to  others,  it  is 
believeil  that,  in  addition  to  filtration  and  diffusion^  it  is  necessary 
to  asj^ume  an  active  secretory  process  on  the  part  of  the  endothe- 
lial cells  conipoHing  the  capillary  walls.  The  actual  condition  of  ourl 
knowledge  of  the  subje<*t  can  be  j)resent«d  most  easily  by  briefly 
stating  some  of  the  objections  that  have  been  raised  by  Heidenhain* 
U)  a  pure  liltration-and-tlifTusion  theor>',  and  indicating  how  these 
objections  have  been  met.  h 

1.  Heidenhain  shows  by  simple  Ciilculations  that  an  imposable^ 
formation  of  lymph  would  be  required,  ujx>n  the  filtration  theor>', 
to  supply  the  chemical  needs  of  the  oi^ans  in  various  organic  and  in- 
organic constituents.    Thus,  to  take  an  illustration  that  has  l)eei|fl 
much  discussed,  one  kilogram  of  cows'  milk  contains  1.7  gms.  CaO^ 
and  the  entire  milk  of  twenty-four  hours  would  contain,  in  round 
ntmibers,  42.5  gms.   CaO.    Since   the  lymph  contains   normally 
about  0.18  part  of  CaO  per  thousand,  it  would  require  236  liters  of 
lymph  per  day  to  supply  the  necessar>^  CaO  to  the  mammary  glands. 
Heidenhain  himself  suggests  that  the  difficulty  in  this  case  may 
met   hy  assuming   active  diffusion   processes  in  connection  witi 
filtration.     If,  for  instance,  in  the  case  cited,  we  supix>se  that  th( 
calcium  of  the  lymph  is  quickly  combined  by  the  tissues  of  the  mam- 
mary gland,  then  the  tension  of  calcium  salts  in  the  lymph  will  be 
kept  at  zero,  and  an  active  diflfusion  of  calcium  into  the  lymph  wili^ 
occur  .so  long  as  the  gland  is  secreting.     In  other  words,  the  glandB 
will  receive  its  calcium  by  much  the  same  process  as  it  receives  its 
oxygen,  and  will  get  its  daily  supply  from  a  comparatively  small 
bulk  of  lymph.     Strictly  si>eaking,  therefore,  the  difficulty  we  are 
dealing  with  here  shows  only  the  insufficiency  of  a  pure  filtration 
theory.      It  seems  possible  that  filtration  and  diffusion  together 
would  suffice  to  supply  the  organs,  so  far  at  least  as  the  diffusible 
substances  are  concerned. 

2.  Heidenhain  found  that  occlusion  of  the  inferior  vena  cava 
causes  not  only  an  increase  in  the  flow  of  lymph — as  might  Ije  ex- 
pected, on  the  filtration  theory,  from  the  consequent  rise  of  pressure 
in  the  capillar)'  regions — but  also  an  increased  concentration  in  thefl 
percentage  of  protein  in  the  lymph.     This  latter  fact  has  beea^ 
satisfactorily  explained  by  the  ex]>eriments  of  Starling.f    Accord- 

•'•Archiv  f.  die  Kwamrnte  Phvsiologie,"  49,  209,  1891. 
t"JoumiU  of  Physiology,"  l&,  234.  1894. 
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ing  in  this  ohsen'er,  tlie  lymph  formed  in  tht^  liver  is  normally  more 
CMncenirated  tlian  that  of  the  rest  of  the  body.  The  occlusion  of 
th«  vena  cava  causes  a  marked  rise  in  the  capillar)-  pressure  in  the 
liver,  and  most  of  the  inr-reased  lymph-flow  under  these  circum- 
stances comes  from  the  liver;  hence  the  greater  concentration. 
The  results  of  this  experiment,  therefore,  do  not  antagonize  the 
filtration-an»l-<liffusion  theory. 

S,  Heidenhain  discovered  that  extracts  of  various  substances, 
which  he  designated  as  **  lympluigogues  of  the  firet  class,"  cause  a 
iimrketl  increase  in  the  liow  of  lymph  from  the  thoracic  duct,  the 
lymph  being  more  concentrated  than  normal,  and  the  increasetl  flow 
continuing  for  a  long  perio<l.  Nevertheless,  these  sul)stances  cause 
little,  if  any,  increase  in  general  arterial  pressure;  in  fact,  if  injected 
in  sufficient  quantity  they  produce  usually  a  fall  of  arterial  pressure. 
TTic  substances  belonging  to  this  class  fomprLse  such  things  as  j^ep- 
tone,  egg-albumin,  extracts  of  liver  and  intestine,  and  esijecially 
extracts  of  the  muscles  of  crabs,  crayfish,  mussels,  and  leeches. 
Heidenhain  supposed  that  these  extracts  contain  an  organic 
substance  which  acts  as  a  specific  stimulvis  to  the  endothelial  cells 
of  the  capillaries  and  increases  their  secretory'  action.  The  results 
of  the  action  of  these  substances  lias  l>een  liifferently  explained  by 
those  who  are  unwilling  to  believe  in  the  secretion  theory.  Starling* 
finds  experimentally  that  the  increaseil  flow  of  lym[)h  in  this  case,  as 
after  ol>6truction  of  the  vena  cava,  conies  mainly  from  the  liver. 
Tliere  is  at  the  same  time  in  the  portal  area  an  increaseil  pressure 
that  may  acc<»unt  in  part  for  the  greater  flow  of  lymph;  but,  since 
this  effect  upon  the  jxirtal  pressure  lasts  but  a  short  time,  while 
the  greater  flow  of  lymph  may  continue  for  (»ne  or  two  houra,  it  is 
ob^nous  that  this  factor  alone  does  not  suifice  to  ex]j1aHi  the  result 
of  the  injections.  Starling  suggests,  therefore,  tliat  tiu^e  extracts 
act  pathologically  ui)on  the  blood  capillaries,  ptirtirularly  those  of 
the  liver,  and  render  them  more  permeable,  so  that  a  greater 
quantity  of  concentratetl  lymph  flows  thrtmgh  them.  Starling's 
explanation  is  supported  by  the  experiments  of  FopofF.f  Acconling 
to  this  oljserver,  if  the  lymph  Is  collected  sinudtaneou.sly  fn)m  the 
lower  portion  of  the  thoracic  duct,  which  conveys  the  lymph  from 
the  abdominal  orgaas,  and  from  the  upper  part,  w^hich  contaias  the 
lymph  from  the  head,  neck,  etc.,  it  is  found  that  injection  of 
peptone  increases  the  flow  only  from  the  abdominal  organs.  Popoff 
finds  also  that  the  peptone  causes  a  dilatation  in  the  intestinal 
circulation  and  a  marked  rise  in  the  portal  pressure.  At  the  same 
time  there  is  some  evidence  of  injury  to  the  walls  of  the  bloo<l- 
vessels  from  the  occurrence  of  extravasations  in  the  intestine.    Aa 

•  "Joumal  of  Physiology."  17,  30,  1894. 

t  "Centfftlblatt  f.  Physi'otogie,"  9.  No.  2,  1895. 


444 


BUXID  AND  LVMPH. 


I 
I 


far,  therefore,  as  the  aftiou  of  the  lympluigogiies  of  the  first  class  is 
concerned,  it  may  he  saiil  that  the  ailvooates  of  the  filtration-and- 
diffusion  theon.'  have  suggested  a  plausihle  explanation  in  accord 
witli  their  thetiry.  The  facts  eniphaMized  by  Heidenhain  Mlh 
regard  to  this  class  of  substances  do  not  compel  us  to  assume  a 
secretory  function  for  the  en<lothelial  cells. 

4.  Injection  of  certain  cry'stalline  substances — such  as  sugar, 
soiiium  chlorid.  am!  cither  neutral  sah»s — clauses  a  marked  increaae 
in  the  flow  of  lymph  from  the  thoracic  duct.     The  lymph  in  these 
cases  is  more  dilute  tlmn  nonnal,  and  the  btood-plasma  also  becomes 
more  water>%  thus  indicating  that  the  increase  in  water  comes  from 
the  tissues  themselves.     Heidenhain   designated  these  bodies  as 
"lymphagogues  of  the   second  class."     His  explanation  of   their 
action  is  that  the  cr^'stalloitl  materials  introduced  into  the  blood  are  ^ 
eliminated  by  the  secretory  acti\'ity  of  the  endothelial  cells,  and  thatfl 
they  then  attract  water  fn>m  the  tissue  elementa,  thus  augmenting 
the  flow  of  lymph.    These  substances  cause  but  little  change  in 
arterial  blood-pressure;  hence  Heidenhain  thought  that  the  greater 
flow  of  lymph  can    not  be  explained   by  an   increased  filtration. 
Stirling*  has  shown,  however,  that,  although  these  Ixniies  may  not 
seriously  alter  general  arterial  pressure,  they  may  greatly  augment 
intracapillar>'  pressure,  particularly  in  the  abdominal  organs.     His 
explanation  of  the  greater  flow  of  lymph  in  these  cases  is  as  foIlowszH 
"  On  their  injection  into  the  blood  the  osmotic  pressure  of  the  circu-^ 
latin^  fluid  is  largely  increasetl.     In  conseciuence  of  this  increase 
water  is  attracted  from  lymph  and  tissues  into  the  blooti  by  a  process^ 
of  osmosis,  until  the  osmotic  pressure  of  the  circulating  fluid  isfl 
restored  to  normal,     A  condition  of  hydremic  plethora  is  thereby 
produced,  attende<l  with  a  rise  of  pressure  in  the  capillaries  generally ^n 
esi>eciall>  in  those  of  the  abdominal  viscera.     This  rise  of  pressura^ 
will  be  pn>i><jrtional  to  the  increase  in  the  volume  of  the  blood,  and 
therefore  to  the  osmotic  pressure  of  the  solutions  injecteil.     The^ 
rise  of  capillar)'  pressure  causes  great  increase  in  the  transudatioi|H 
of  fluid  fmm  the  capillaries,  and  therefore  in  the  lymph-flow  from 
the  thoracic  duct."     This  explanation  is  well  supjwrted  by  experi- 
ments, aiul  seems  to  ob^^iate  the  necessity  of  assuming  a  secretor^rfl 
action  on  the  part  c>f  the  capillar)'  walls.  ™ 

5.  Numerous  other  experiments  have  been  devised  by  Heidenhain 
and  his  followers  to  show  that  the  phy.sical  laws  of  filtration.  difFu- 
.sion,  and  o.sinosis  do  not  suffice  to  explain  the  production  of  lymph; 
but  in  all  cases  possible  explanations  have  been  suggested  in  terms 
of  the  physical  laws,  so  that  it  may  be  said  that  the  facts  do  not 
compel  us  to  assume  a  secretor>*  activity  on  the  part  of  the  endo- 
thelial cells  of  the  capillaries.     In  recent  years  Ashert  and  his 

♦  hoc.  cit.     t  "Zeitachrift  f.  Biologie/'  vol*.  xxx\'i-xl,  1897  to  1900. 
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co-workers  liave  Ijrought  forward  many  facts  to  shtnv  that  the  lymph 
is  controlled  aa  to  its  amount  by  the  activity  of  tlie  tis^UL'  eleiiienta 
and  uiay  be  considered  as  a  product  of  the  activity  of  the  tiHsues,  as 
a  secretion^  in  fact,  of  the  working  celln.  When  the  siiJivan-  glands, 
the  liver,  etc.,  are  in  greater  functioiml  activity  thp  fi«fw  of  lymph 
from  them  is  increase*!  l>eyomi  douht,  so  that  the  activity  of  the 
organs  does  influence  most  marke<ily  the  production  of  lyiii|>h. 
Most  physiologists,  however,  prefer  to  explain  this  reluLiiuuship  on 
the  \'iew  suggested  l)y  Koranyi,  Striding,  and  others, — nainolvj  that 
in  the  metabolic  changes  of  fonctional  activity  the  large  niok'culea 
of  protein,  fat,  etc.,  are  bmken  down  to  a  numl^er  of  simjiler  ones, 
the  number  of  particles  in  solution  is  increased  and  therefore  the 
osmotic  pressure  is  increased.  By  this  means  it  may  be  stipposed 
that  the  flow  of  lymph  toward  the  tissue  elements  is  increased  in 
proportion  to  their  acti\ity. 

The  lymph  in  the  tissue  spaces  between  the  cells  is  subjected 
to  many  influences  which,  taken  together,  regulate  its  amount. 
It  is  continually  augmented  i>v  a  flow  of  water  and  dissolved 
substances  from  the  blood  in  the  capillaries  and  from  the  liquid 
in  the  interior  of  the  cells,  and  it  Ls  continually  depleted  by 
the  excess  passing  off  into  the  lymphatics,  on  the  one  hand, 
through  which  it  eventually  reaches  the  blood,  and  also  by  direct 
absorption  into  the  blood  capillaries.  In  reganl  to  this  last  factor, 
there  is  abundant  evidence  tliat  solutions  injected  into  the  tissue 
spaces  30  as  to  increase  the  amoimt  or  concentration  of  the  tissue 
liquid  are  promptly  absorbed  into  the  blood.  The  play  of  these 
oppodng  forces  maintains  the  tissue  lymph  within  normal  limits, 
and.  although  the  movement  of  the  water  and  dissolved  sub- 
stances can  not  be  shown  in  all  cases  to  be  governed  solely  by 
the  physical  processes  of  diffusion,  osmosis,  and  filtration,  there 
ifl  at  present  no  conclusive  evidence  that  these  factors  are  in- 
sufTu'ient  to  account  for  the  regulation. 

Summary  of  the  Factors  Controlling  the  Flow  of  Lymph. — 
We  may  adopt,  pro\'isionally  at  least,  the  so-called  mechanical  theory 
of  the  origin  of  lymph.  Upon  this  theory  the  forces  in  activity  are, 
first,  the  intracapillan'  pressure  tending  to  filter  the  plasma  through 
the  endothelial  cells  composing  the  walls  of  the  capillaries;  second, 
the  force  of  diffusion  depending  upon  the  inequality  in  chemical 
composition  of  the  blood-plasma  and  the  liquid  outside  the  capil- 
laries, or,  on  the  other  side,  between  thus  liquid  and  the  contents  of 
the  tissue  elements;  thini,  the  force  of  osmotic  pressure.  These 
three  forces  acting  everywhere  contnol  primarily  the  amount  and 
compo«tion  of  the  lymph;  but  still  another  factor  must  be  eon- 
flidered;  for  when  we  come  to  examine  the  flow  of  lymph  in  different 
parts  of  the  body  striking  differences  are  found.     It  has  been  shown, 
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for  instance,  that  in  the  limbs,  under  normal  conditions,  the  fin 
a\tremely  scanty,  while  from  the  liver  and  the  intestiiml  area  it  is 
relatively  abundant.     In  fact,  the  lymph  of  the  thoracic  duct  may 
be  considered  as  being  tierived  almost  entirely  from  the  latter  two 
regions.     Moreover^  the  lymph  from  the  Hver  is  characterized  by 
a  greater  percentage  of  proteins.     To  account  for  these  differences 
Starling  suggests  the  plausible  explanation  of  a  variation  in  permea- 
bilil\'  in  the  capjllar>'  walls.    The  capillaries  seem  t-o  have  a  similar 
stnictiire  all  over  the  botiy  so  far  as  this  is  revealed  to  us  by  the  h 
microscope,  but  the  fact  that  the  lymph-flow  varies  so  much  in  H 
quantity   and   coniiwsition   indicates   that   the  similarity   is  only 
superficial,  and  tliat  In  different  organs  the  capillar^'  walls  may 
have  diflFerent  internal  structures,  and  therefore  different  permea- 
bilities.   This  factor  is  endently  one  of   great  importance.    The  h 
idea  that  the  permeability  of  the  capillaries  may  var>'  under  dif-^ 
ferent  conditions  has  long  been  used  in  patholog>''  to  explain  the 
production  of  that  excess  of  lymph  which  gives  rise  to  the  condilioa 
of  dropsy  or  edem^.    The  theories  and  experiments  made  in  con- 
nection with  this  x>athologira!  condition  have,in  fact, a  direct  liearing 
upon  the  theories  of  lymph  fonnation.*     Under  normal  conditions 
the  l\*raph  is  drained  off  as  it  is  formed,  while  under  pathological 
conditions  it  may  accumulate  in  the  tissues  owing  either  to  an 
excessive  formation  of  lymph  or  to  some  interruption  in  its  circu- 
lation.    From  the  foregoing  considenilions  it  is  evident  that  changes 
in  capillaPt'  pressure,  however  pn^duced,  may  alter  the  flow  of 
lymph  from   the  Ijlood-vessels   to   the  ti&sues,  by  increasing  or 
decreasing,  as  the  case  may  be,  the  amount  of  filtration;  changes  in 
the  comix>sition  of  the  blood,  such  as  follow^  periods  of  digestion, 
will  cause  diffusion  and  osmotic  streams  tending  to  equalize  the 
composition  of  blood  and  lymph;  and  clianges  in  the  tissues  them- 
selves following  upon  physiological   or  pathological   activity  will 
also  disturb  the  efixuUbrium  of  composition,  and,  therefore,  set  up 
diffusion  and  osmotic  currents.     In  this  way  a  continual  interchange 
is  taking  place  by  means  of  which  the  nutrition  of  the  tissues  is 
effected,  each  according  to  its  nee^Is.    The  details  of  this  interchange 
must  of  necessity  be  very  complex  when  we  consider  the  possibilities 
of  local  effect-s  in  different  parts  of  the  body.     The  total  effects  of 
genertd  changes,  such  as  ma}'  be  produced  experimentally,  are 
simpler,  and,  as  we  have  seen,  are  explained  satisfactorily  by  the 
physical  and  chemical  factors  enumerated. 

•Consult    Meltwr,    "Edema"    ("Harrington    Lectures").    "American 
Medicine,"  8.  Nos.  1.  2,  4,  and  5,  1904. 


I 


SECTION  V. 


I 


PHYSIOLOGY  OF  THE  ORGANS  OF  CIRCULA- 
TION OF  THE  BLOOD  AND  LYMPH. 

The  heart  and  the  blood-vessels  form  a  closed  vasctilar  system 
containing  a  certain  amount  of  blood.  Tliis  blood  is  kept  in  endless 
circulation  mainly  by  the  force  of  the  muscular  contractions  of  the 
heart.  But  the  betl  through  which  it  flows  varies  greatly  in  width 
at  different  parts  of  the  circuit,  and  the  resistance  offered  to  the 
moving  blood  is  ver>'  much  greater  in  the  capillaries  than  in  the 
large  vessels.  It  follows  from  the  irrej^ularities  in  size  of  the  chan- 
nels through  which  it  flows  that  the  blood-stream  is  not  unifonn  in 
character  throughout  the  entire  circuit;  indeed,  just  the  opp<:»site  is 
true.  From  point  to  point  in  the  branching  system  of  vessels  the 
blood  varies  in  regard  to  its  velocity,  its  head  of  pressure,  etc. 
These  variations  are  connected  in  part  with  the  fixed  structure  of  the 
8>'6tem  and  in  part  are  depen<ient  upon  the  changing  properties  of 
the  Wving,  matter  of  which  the  system  is  composed.  It  is  eon- 
TNCnient  to  consider  the  subject  under  three  general  heads:  (1) 
The  purely  physical  factors  of  the  circulation. — that  is,  the  me- 
chanics and  hydrodynamics  of  the  flow  of  a  tiefinite  quantity  of 
blood  through  a  set  of  fixed  tubes  of  var>'ing  caliber  under  certain 
fixed  conditions.  (2)  The  general  physiology  of  the  heart  and  the 
blood-vessels, — that  is,  mainly  the  S|>ocial  properties  of  the  heart 
muscle  and  the  plain  muscle  of  the  blood-vessels.  (3)  The  inner\'a- 
tion  of  the  heart  and  the  blood-vessels, — that  is.  the  variations  in 
the  circulation  produced  by  the  action  of  the  nervous  system. 


CHAITER  XXV. 

VELOCITY  AND  PRESSURE  OF  THE  BLOOD-FLOW. 

The  Circulation  as  Seen  Under  the  Microscope. — It  is  a 
com[>arative!y  easy  matter  U>  arrange  a  thin  membrane  in  a  living 
animal  s<j  tliat  the  flowing  blooil  may  Ik?  oWr\'ed  with  the  aid  of  a 

£ipe.     For  such  a  purpose  one  generally  employs  the  web 
the  toes  of  a  frog,  or  tietter  still  the  mesentery,  lungs,  or 
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bladder  of    the  same  animal.     With  a  good  prepwration  manv 
important  peculiarities  in  the  blood-flow  may  be  obsen'ed  directly, 
If  the  field  is  properly  chosen  one  may  see  at  the  same  time  the  flow 
hi  arteries,  capillaries,  and  veins.     It  will  be  noticed  that  in  the 
arteries  the  flow  is  very  rapid  and  somewhat  intenniitent^ — lliat  is, 
there  is  a  slight  acceleration  of  velocity,  a  pulse,  with  each  heart 
l)eal.    In  the  capillaries,  on  the  contrary,  the  flow  is  relatively  ven* 
slow;  the  change  from  the  rushing  arterial  stream  to  the  delil»er- 
ate   current   in   the   capillaries    takes    place,   indeed,   with  »tme 
suddenness.    The  capillar*-  flow,  as  a  niJe,  sho\N*s  no  pulses  corre- 
spomilug  with  the  heart  Ijeats,  but  it  may  be  more  or  less  irregular, 
— th&t  is,  the  flow  may  nearly  cease  at  times  in  some  capillaries, 
iriiile  again  it  maintains  a  constant  flow.    In  the  veins  the  flow 
increMee  markeilly  in   rapidity,  and  indeed  it   may  be  obsene^l 
that,  the  larger  the  vein,  the  more  rapid  is  the  flow.     There  is  not, 
howevej,  as  a  rule,  any  indication  of  an  intermittence  or  pulse  in 
this  flow, — tlie  velocity  is  entirely  uniform.     In  both  arteries  anti^ 
veins  it  will  be  noticed  that  the  red  corpuscles  form  a  solid  colxuna^ 
or  ci»n*  'u\  the  middle  of  the  vessel,  and  that  between  them  and  the 
iimer  wall  there  is  a  layer  of  plasma  containing  only,  under  normal 
ctuitiitioiis,  an  occasional  leucocyte.     The  accumulation  of  coi 
puwlcB  In  the  midille  of  the  stream  makes  what  is  known  as  t) 
oxial  9irtam,  while  the  clear  layer  of  ]jitisma  is  designated  lis  the] 
iiMri  lotyer.    The  phenomenon  is  readily   explained   by  physic; 
raitsee.     As  the  blood  flows  rapidly  through  the  small  vessels  tli 
layers  nwirer  the  wall  arc  slowed  by  adhesion,  so  tliat  the  greatest] 
vehuMty  is  attaine<l  in  the  middle  or  axis  of  the  vessel.     The  coi 
pusrtes.  IxMng  heavier  than  the  ]»lasnia,  are  drawn  into  this  rapi( 
jwrt  of  the  current.     It  has  been  shown  by  physical  experimcnl 
that,  when  particles  of  difTerent  si^eeific  graNnties  are  present  in  »" 
li(|uitl  flowing  rapiilly  through  tul>es,  the  heavier  particles  will  l>e 
fimnd  in  the  axis  and  the  lighter  onej?  toward  the  periphen.'.     In 
wcctinlancc  with  this  fact,  leucocytes,  whidi  are  lighter  than  the 
riMi  (H>rptiHrlos,  nuiy  Im?  foun<i  in  the  inert  layer.     When  the  con- 
tlitioiw    iHH-ome   slightly    abnonnal    (incipient   inflanunation)    tl 
leucocytes  increase  in  numl>er  in  the  inert  layer  sometimes  to 
very   griNit  oxtci»t.  owing  apjvarently  to  some  alteration   in  the 
entiothejial  walls  whereby  the   leucocytes  are  rendered  more  ad- 
heaive.    The  agglutination  of  the  leucocytes  and  their  migration 
thmugh   the  walls  into  the  surrounrling  tissues  are  descrilxKi  iuH 
works  on  Pathologj-.  H 

The  Velocity  of  the  Blood-flow. — The  microscopical  obser\'a- 
tion.^i  di-sfrilnHi  above  show  that  the  velocity  of  the  blood-current 
varies  widely,  l>eing  rapid  in  the  arteries  and  veins  and  slow  in  tl 
capillaries.    To  ascertain  the  actual  velocity  in  the  larger  vessel 
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nSUKTVY  A^^^  PRlMSrRE  OF  BLOOD-FLOW. 

ftnd  the  variations  in  vessels  of  different  sizes  experimental  de- 
terminations are  nccessan-.  While  the  general  prinriple  involveil 
in  tiiese  deteniunations  is  simple,  their  actual  execution  in  an 
ex^ieriment  is  attended  with 
sinne  didiculties,  and  various 
devices  have  been  adopted. 
The  nw>8t  direct  niethwl  |)er- 
luips  is  that  use<l  in  the  in- 
stninient  devised  by  Ludwig, — 
ruktiiely,  the  strmriuhr.  The  prin- 
ciple used  is  to  cut  an  artery 
or  vein  of  a  known  size  and  de- 
termine how  mtifh  i)lood  flows 
out  in  a  given  time.  We  may 
define  the  velocity  of  the  blood 
at  any  point  as  the  length  of 
the  polumn  of  blood  flowing  by 
that  point  in  a  second.  If  we 
cut  the  arten'  there  a  cylintlri- 
cal  column  fif  blood  of  a  defi- 
nite length  and  with  a  croa»-area 
equal  (o  that  of  the  lumen  of 
the  artoo*  will  How  out  in  a 
second.  The  volume  of  the 
outflow  can  be  determined  di- 
rectly by  catching  the  blood. 
Knowing  this  volume  and  the 
«rofle-area  of  the  arter>',  we  can 
determine  the  length  of  the 
column— that  is,  the  velocity 
of  the  flow — since  in  a  cylin<ler 
the  volume,  V,  is  etjual  to  the 
product  of  the  length  into  the 
at>»-area. 


V\f-  IT7. — Ludwi|c'«  !rtrofnuhr:  a  rhH  6, 
The  glaaa  bulbx:  a  ut  lillt^il  with  oit  lu  tlte 
tnwk  (5  e.c),  wtiile  b  sail  iht  mM*k  an  HUihI 
with  aiUt  Holation  or  tl«6brituiteJ  blcxM] ;  p, 
the  mo%'abl«  pUt«  bv  mcanit  of  whicK  th« 
bulba  may  be  turne<l  thnHiifh  180  ileKrr«*. 
e,  e,  fur  the  rnnnutat  iTu«n«(l  into  tbe  artery; 
a.  tb«  thumb  srrew  fur  turning  tlw  bulm; 
h,  ibr  holder.  When  in  placr  the  damps 
«in  ih«  arterie?  are  removed,  blood  flown 
thnjiigh  e  into  a,  drivingt  *^wt  the  oil  ami 
forrinu  th<<  nail  M>liiliiin  in  b  tat<i  the  hea«l 
end  of  Ibf  artrr>  Ihrnneh  c'.  When  the 
blo-l  cniprinir  n  jvachr^  the  mark,  the  bulb^ 
are  turnetl  thmuirh  IMO  fWipw**  ■«•  'hat  h  Itrt 
ovpr  r.  Th**  bliMxl  flows  into  A  ami  drivft* 
tltr  oil  twwk  int<i  o.  When  it  ju.-<1  Blla  tliia 
bulb,  they  are  axain  mtateil  ihroiiich  IHO 
deiireea,  and  so  on.  The  oil  is  driv«>n  out  of 
and  into  a  a  iciven  number  of  lim^t,  earh 
movement  beinx  eqtial  to  an  out  f\t  tw  of  h  e.e. 
of  blood.  When  tbe  instnuiienl  has  been 
tum«il,  Hiy.  t«n  times,  SO  o.e.  of  blood  hav» 
flowed  out.  Knowinr  the  tinie  and  Kh* 
caliber  of  the  art«ry,  lite  taUetilBtlon  la  made 
a^  dei^rribed  in  ttie  Ivxt,  A  modi6catlon  oJT 
the  form  of  thin  inMirtimenl  faaa  been  de- 

looB  of  SO  much  bltjod  would  at    ^        ^   ^^^  ** 
once  change  the  physical  and  physioloKical  conditions  of  the  circula- 
lion»  and  would  give  us  a  set  of  conditions  at  the  emi  of  the  experi- 
•"Skandtnavischea  Archiv  f.  Physiol.."  3,  152.  1891. 


V  —  U^gth  X  cro«ff-area,  or 

l»!>tlKtll    — 


crcw^aira 


■  We  cannot,  of  course,  make 
^kj^  experiment  in  this  simple 
^r^ny  ufKin  a  living  uninuil;    the 
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ment  different  fioiti  tlioae  at  the  l^ginning.  By  means  of  tlu? 
stromuhr,  however,  this  exi)enment  can  l)e  made,  with  this  important 
variation,  that  the  blood  that  flows  from  the  central  end  of  the  cut 
artery  Is  returneil  to  the  jMiriplieral  end  of  the  same  arten',  so  that 
the  circulation  is  not  blocked  nor  deprived  of  it**  normal  voltimeof 
liquid.  The  instniment,  as  is  explained  in  the  legend  of  Fig,  177, 
measures  the  volume  of  blood  that  Jlows  out  of  the  cut  end  of  an 
artery  in  a  rlefinite  time.    The  calculation  for  velocity  is  made  aa 

follows;  Suppose  that  the  caj)acity 
of  the  bulb  is  5  c.c  and  that  in  the  I 
experiment   it    has   been   filled  10, 
times  in  50  seconds, — i.  e.,  the  bulbftj 
have  been  reversed  10  times;   theal 
ob\'iously   10  X  5  or  50  c.c.  have 
flowed   out  of   the   artery  in   this 
time,  or  1    c.c.  in  1   second.    The 
diameter  of  the  vessel  can  be  meaa-^ 
ured,  and  if  found  equal,  say,  to  3^ 
mms.,  then  it5  cross-area  is  rzr^  ^ 
3.15  X  1  «  3.15.    Since  1  c.c.  etiuab, 
1000  c.mra,,  the  length  of  our  cyl 
inder  of  blood  would  be  given 
the  quotient  of  ^^^    =  317  nuD&' 
So  that  the  blood  in  this  case  was 
mo>'iiig  with    the   velocity   of   317  h 
nuns.  ]>er  second.     Another  instni^| 
ment  tliat  has  l>een   eraployeti    for 
the  same  purpose  is  the  dromograph^ 
or    hemodromograph    of    Chat i veou^fl 
This  inatnmient  is   representotl   in 
the  accompanying  figure  (Fig.  17S). 
A  rigid   tube  {p^)  is  placed   in  the 
course  of  the  arter>'  to  l^e  examined. 
This  tulje  is  provideti  with  an  offset 
(o)  the  oijening  of  which   is  closed 
with  rubi>er  dam  (m).     The  nibber 
dam  is  pierced  by  a  needle  the  lower 
end  of  which  tenniuatea  in  a  small 
When  the  instniment  is  in  place  and 
the  blood  is  allowed  to  stream  through  the  tube,  it  deflects  the 
neeiile,  which  turns  on  its  Insertion  through  the  rubl^er  as  a  ful- 
crum.   Tlie  an^le  of  deflection  of  the  free  end  of  the  needle  may 
be  measured   directly   upon  a  scale  or  it  may   be  transmitted^ 
through  tamlx)urs  and  recorded  upon  a  kymographion.    The  iofl 
Btrument  must,  of  course,  l>e  graduated  by  paasing  through  it  cur- 
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Kig.  1 7R.^(.'hauvBau'n  bftmodroTno- 
sraph  (after  Lanoendorff),  The  lube, 
p~f.  U  placed  in  the  ooune  of  bd  ar- 
tery, the  blood  after  removal  of  <rl&mpa 
floinng  in  the  direction  shown  by  the 
arrow.  The  current  striken  the  plate. 
j4,  and  forces  it  to  an  anKle  viir>-inK 
with  the  velocity.  The  moveiiicut  of 
pi  xa  transmit 
whirh  moves  In 
A9  a  rulcnini,  m  The  ariKular  itiove- 
inrnt  n(  the  projfvlina  «id  of  n  nmy 
be  mea&urrd  direcllv  i<r  may  be  niAde 
to  art  upoti  a.  tambour,  an  ahown  in 
the  future,  and  thui*  be  tniiijtmjtted  to 
a  recfirdinfc  drum. 


>city, 

lt«d  throucb  the  Htem,  n. 
rubber  membrane 


plat«  lying  in  the  tube  (pi). 
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vrLocmr  anp  pkessitre  or  Btooi>-FLOw. 

rents  of  known  velocity,  so  that  the  angle  of  deflection  may  be 
expressed  in  terms  of  al^solute  velocitiea.  It  possesses  the  great 
advantage  over  the  stromiihr  that  it  gives  not  simply  the  average 
velocity  during  a  given  time,  lint  al^^o  the  variations  in  velocity 
coincident  with  the  lieurt  t>eat  or  other  changes  that  may  occur 
during  the  perio<l  of  oljservation. 

Efforts  have  bceu  made  to  devise  a  method  for  the  dHormination  of  the 
velocity  of  the  blood-flow  in  the  arteries  of  man.  Tlip  nuthod  iwc^d,  however, 
depeods  upon  certain  HasumptionEi  that  are  not  entirety  certain  and  the  re- 
sult* obtaioed,  therefore,  can  not  be  used  with  coulideiiee.  The  principle  of 
the  method  oonaists*  in  dctcnnining  tht.'  volume  of  the  arm  by  placing  it  in 
m  pletbyBmograph.  Awuming  that  the  outHow  from  the  vein8  is  constant  in 
ibe  part  of  the  arm  inclotied,  then  the  variations  in  volume  of  the  arm  may 
be  nrferred  to  the  jcrt-ater  inflow  of  blood  inlo  this  part  through  the  arteries. 
The  curve  showing  lite  variatioius  iu  votunie  nmy,  therefore,  under  proper 
ooDditions,  he  interpreted  in  l«rma  of  velocity  ch&iigea. 

Mean  Velocity  of  the  Blood-fiow  in  the  Arteries,  Veins,  and 

Capillaries. —Actual  deteraiinaticms  of  the  liverugu  velocity  in  the 
large  arteries  and  veins  give  such  resulta  as  the  following:  Carotid 
of  horse  (Volknmnn),  .300  mms.  |)er  eecoutl;  (Chauveau)  297  nuns. 
Owotid  of  the  liog  (\'iep:)rdt),  200  lunis. 

The  flow  in  the  carotid,  as  in  the  other  large  arteries,  is  not^ 
however,  unifonii;  tliere  is  a  inurke*^!  acceleration  or  pulse  at  each 
systole  of  tlie  lieart  during  which  tlie  velocity  is  greatly  augmented. 
Thus,  in  the  cart>ti(l  (tf  the  liorae  it  has  been  shown  by  the  henio- 
droinograph  that  liuritig  the  systole  the  velocity  inay  rt»ach  520 
nuns,  and  may  fall  to  loO  mnis.  during  the  diastole.  It  is  found,  alst^. 
that  this  <iifference  between  the  svHtolic  velocity  and  the  diastolic 
velocity  tends  to  (hsap[>ear  as  the  arteries  l>ecomc  smaller,  and,  as 
was  said  alxive,  dLsapjX'are  altogether  in  the  capillanes,  in  which 
the  pulse  cause<l  by  the  henrt  bejit  is  lacking.  The  smaller  the  artery, 
therefore,  the  more  uniform  Is  the  movement  of  the  blood. 

The  flow  in  the  large  veins  is  apprf>ximately  equal  to  that  in 
arteries  of  the  same  size.  In  the  jugular  vein  of  the  dog,  for 
instance.  Vierordt  found  a  velocity  of  225  mms.,  while  in  the 
euntid  of  the  same  animal  the  average  velocity  was  260  mms. 
In  the  capillaries,  however,  the  velocity  is  relatively  very  small. 
From  direct  ob«en'ations  made  by  means  of  the  microscope  and 
from  indirect  ob8er\*ations  in  the  case  of  man  the  capillarv'  velocity 
is  estimated  as  lying  between  0.5  mm.  and  0.9  mm.  per  sec. 

Vierordt  reports  (unme  inlereeting  ejJcuIutions  upon  the  veloeily  of  the 
blood,  in  the  eapillnriw  of  his  own  eye.  I'nder  suitable  conditionB.t  the 
UK>vementa  of  the  corpuscles  in  thp  retina  may  be  perceivetl  in  consequence 
of  the  fllmdnwH  that  (hoy  throw  upon  thr  ro<l»  and  cones.     The  vimial  images 

•  Voo  Kr^m.  '<.\rvhiv  f.  PhyHiologie,"  1887,  279;  also  Altelw.  ibui..  tM02. 
S3. 

t  "Archiv  f.  phyaiologische  HeiUcunde,"  15,  266.  1866. 
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thus  produced  may  be  projected  upon  a  surface  at  a  known  distance  i 

evL-  and  llie  sptu-e  traversed  in  a  given  time  may  be  observed.     The       

actually  ctivered  upon  the  retina  may  then  t>e  calculated  by  the  fullowuigooD- 
Btruction.  in  whicn  A-B  —  the  distance  traveled  by  the  projected  tmaa; 
A-n,  the  distance  of  tiie  surface  from  the  eye;  and  a-n,  the  distance  of  t« 
retina  from  the  nodal  [xiinl 
of  the  eye.  We  have  then 
the    proportion    a6    .*   an  :: 

AB.An,  OT  ab  ^  d^>L25. 
An 

According    to    this    method, 

Vierordt  calculated  that  the 

velocity  of  the  blood  in  the 

human  capillaries  Is  equal  to 

about  0.6    to    0.9  mm.  per 

iieeond. 


179. — Diagram  of  tlw  eye  to  ihow  ib*  roo* 
etruciion  used  to  determine  the  titm  uf  the  tvliul 

See  test. 


F?«- 


imue  when  tbe  abe  of  the  extenuu  ohject  i&  knovti 
n.  Toe  Dodal  point  of  the  eye. 


Ill  the  arteries,  more- 
over, it  may  be  obsen'ed 
that  the  average  velocity 
diminishes    the    farther 

one  goes  from  the  heart. — that  is,  the  smaller  the  art€r>-.— and 
roiichcs  it^  minimum  when  the  arteries  pass  into  the  capillaries. 
Thii.s,  Volkniann  reports  for  the  horse  the  following  figures:  Ca- 
rotitl,  300  nmis. ;  maxillar>',  232;  metatarsal,  56  mtns.  In  the  veins 
also  the  sanie  fact  holds.  The  smaller  tbe  vein — that  is,  the  nearer 
it  is  to  the  cnpillarA'  ren:ion — the  smaller  is  it^  velocity,  the  maxi- 
niuni  velocity  being  found  in  the  vena  cava.  The  general  relationa 
of  the  velocity  of  the  blood  in  the  arteries,  capillaries,  and  veina 


I 

I 

I 


Fig.  18(1. — Sclionmtio  ropretwtitutlon  or  tli«  rnlntiye  \%luoitiefi  of  thp  hi oihI -current 
differePt  partA  of  tlie  vn«culur  syKtefn:     a.    The  nrlerial  side,  iadivatins  (hp  chHiifcee  ^il 
emeh  heart  beat  ami  the  fall  of  nieHii   veliH-ity  tut  the  arterud   bed  widens;  c.  tUv  rii|i 
reffon — tbe  creat  diminution  in  velocity  correi>pondH  with  the  Kreat  wiileoioK  of  tl 
V,  tbe  venoitt  side,  showtnc  the  gradual  iueieuM  toward  tlie  heart. 

may  \ye  expressed,  therefore,  by  a  curve  such  as  is  shown  in 
180. 

Explanation  of  the  Variations  in  Velocity. — The  general  rela- 
tionship l>etween  the  velocities  in  the  different  parts  of  the  vascular 
system  is  explained  by  the  difference  in  the  width  of  the  bed  in 
which  the  blood  flows.  In  the  systemic  circulation  the  main  stem, 
the  aorta,  branches  into  arteries  which,  taken  indiWdually.are  smalh 


are  smaiie^H 
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and  smaller  as  we  approach  the  capillaries.  But  each  time  that 
an  artcn'  branches  the  sum  of  the  areas  of  the  two  branches  is 
greater  than  that  of  the  main  stem.  The  arterial  system  mdy  be 
compared,  in  fact,  to  a  tree,  the  sum  of  the  cross-arciis  of  all  the 
twig?  is  greater  tluin  that  of  the  main  tnink.  It  follows,  there- 
fore, that  the  blood  as  it  passes  to  the  capillaries  fio>\'S  in  a  l>ed 
or  is  distributed  in  a  bed  which  becomes  wider  and  wi4ler,  and  as  it 
returns  to  the  heart  in  the  veins  it  is  collected  into  a  bed  that  \>e- 
eonies  smaller  as  we  approach  the  heart.     Vieronit  estimates  that 

>the  ©ombined  calibers  of  all  the  capillaries  in  the  systemic  circula- 
tion would  make  a  tube  with  a  cross-area  about  80()  times  as  large  as 
the  aorta.  If  the  circuLition  is  proceeiUng  unifonuly  it  follows 
that  for  any  given  unit  of  time  the  same  vohmje  nf  hlrxxl  must 
pft98  through  any  given  cross-section  of  the  system, — thut  is.  at 
a  given  point  in  the  aorta  or  vena  cava  as  much  bltKni  must  flow 
by  in  a  second  as  passes  tlirough  the  capillar)'  region,  and  that 
consequently  where  the  cross-section  or  l^ed  is  widest  the  velfMity 
is  corTes|x^ndingly  diminished.  K  the  capillary  bed  is  8(X)  times 
that  of  the  aorta,  then  the  velocity  in  the  capillaries  is  -g-J^  of  that 
in  the  aorta, — say,  ^^  of  320  mms.  or  0,4  nun.  Just  as  a  stream 
of  water  flowing  under  a  constant  he^d  reaches  its  greatest  velocity 
where  its  bed  is  narrowest  and  flows  more  slowly  where  the  bed 
widens  to  the  dimensions  of  a  i>(>ol  or  lake. 

Variations  in  Velocity  with  Changes  in  the  Heart-beat  or 
the  Size  of  the  Vessels. — While  the  aUne  statement  holds  tnie  as 
an  explanation  of  the  general  relationship  between  the  velocities  in 
the  arteries,  veins,  and  capillaries  at  any  given  moment,  the  absolute 
velocities  in  the  different  parts  of  the  system  will,  of  course,  vary 
whenever  any  of  the  con<iitions  acting  upon  the  blooti-flow  var>\ 
In  the  large  arteries,  as  has  been  said,  there  are  extreme  fluctuations 
in  velocity  at  each  heart  beat;  but  if  we  consider  only  the  average 
velocities  it  may  he  saiti  that  these  will  var>'  throughotit  the  system 
with  the  force  and  rate  of  the  heart  beat,  or  with  the  variations  in 
size  of  the  caliber  of  the  small  arteries  and  the  resulting  changes  in 
blood-pressure  in  the  arteries.  Marey*  gives  the  two  following 
laws:  (1)  Whatever  increases  or  dinunishes  the  force  with  which 
the  blood  is  driven  from  the  heart  toward  the  peripher>*  will  cause 

Pthe  velocity  of  the  blood  and  the  pressure  in  the  arteries  to  var>'  in 
the  same  sense.  (2)  Whatever  increases  or  diminishes  the  resis- 
tance offered  to  the  blo<xl  in  passing  from  the  arteries  (to  the  veins) 
will  cause  the  velocity  and  the  arterial  pressure  to  var>*  in  an  inverse 
Nense  as  regards  each  other.  That  is,  an  increased  resistance 
diminishes  the  velocity  in  the  arteries  while  increasing  the  pressure, 
rice  !>crsrt. 

•  *'lsA  Ciffiiliaion  du  Sang,"  Paris,  1881,  p.  321. 
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The  Time  Necessary  for  a  Complete  Circulation  of  the 
Blood. — It  is  a  nuitter  of  interest  in  connection  with  many  ph_V8i(H 
logirjLl  questions  to  have  an  approximate  idea  of  the  time  neeeasan' 
for  the  l)]oo(l  to  make  a  coinjilete  ciretiit  of  the  vascular  sv'stem,— 
that  ia,  sturtin;^  fnini  any  one  point  to  determine  how  long  it  will 
take  for  a  particle  of  blood  to  arrive  again  at  the  same  spot.  In 
considering  such  a  question  it  must  be  borne  in  mind  that  maay 
dififerent  patlis  are  open  to  the  b!ood»  and  that  the  time  for  a 
complete  circulation  wnll  vary  somewhat  with  the  circuit  actually 
fctUowed.  For  example,  blood  leaving  the  left  ventricle  may  pass 
thnju^li  the  coronary  system  to  the  right  heart  and  thence  through] 
the  pidnionar>*  system  to  the  left  heart  again,  or  it  may  pass  to  tl 
extremities  of  tiie  toes  before  getting  to  the  right  heart,  or  it  may  paa>J 
through  the  intestines,  in  which  case  it  will  have  to  traverse  three 
capillaHr'  areas  before  completing  the  circuit.  It  is  obvious,  there- 
fore, that  any  figures  obtainetl  can  (mly  l>e  regarded  as  averages 
more  or  leas  exact.  The  exjioriments  that  have  been  made,  however, 
are  valuable  in  inflieating  how  ver>*  rapidly  any  substance  that 
enters  the  1>lnod  may  be  distributed  over  the  body.  The  method 
first  cuqiloyed  by  Hering  (1829)  was  to  inject  into  the  jugular  vein 
of  one  side  a  solution  of  pnta.ssium  ferrocyanid,  and  then  from  time 
to  time  sjjecimens  of  blootl  were  t^ken  from  the  jugular  vein  of  the 
opjx)site  side.  The  ftret  specimen  in  which  the  ferrocyaiud  could  be 
detected  by  its  reaction  with  iron  siUts  gave  tiie  least  time  necessari* 
for  a  complete  circuit.  The  method  was  subsequently  improved  in 
its  technical  details  by  Vieronlt.  and  such  residts  as  the  following 
were  obtained:  Dog,  16.32  seconds;  horse,  28.8  seconds;  rabbit, 7.46 
Seconals  ;  man  (calculated),  23  seconds.  The  time  required  is  leas  in 
the  smad  than  in  the  large  aninuils,  and  Hering  and  Vierordt  con- 
eluded  that  in  genenil  it  requires  from  26  to  28  l>eats  of  the  heart  to 
effect  a  complete  circidation.  Stewart  has  devised  a  simpler  and 
better  method  *  based  upon  the  electrical  conductivity  of  the  blood. 
If  a  solution  of  a  neutral  salt,  such  as  sodium  ehlorid,  more  concen- 
trated than  the  bfood.  is  injected  into  the  circulation,  the  coik^| 
ductivity  of  the  blood  Is  increased.  Jf  the  injection  is  made  at  J^ 
given  moment  and  a  portion  of  the  vessel  to  be  examined  is  properly 
connected  with  a  gnl\'anometer  so  as  to  measure  the  electrical 
conductivity  thmugh  it.  tlicn  the  instant  that  the  solution  of  salt 
reaches  this  latter  vessel  the  fact  will  Ix?  indicated  by  a  deflection 
of  the  galvaiu>meter.  Using  this  method.  Stewart  was  able  ta^ 
show  that  in  the  lesser  circulation  (the  pulmonary  circuit)  th^| 
velocity  is  very  great  compared  with  that  of  the  sj'stemic  circulation 
— only  about  one-fifth  of  the  time  required  for  a  complete  circuit  is^ 
spent  in  the  lesser  circulation.     Attention  may  also  be  en 

♦  "Journal  of  Physiology,"  15.  1,  1894. 
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fact  that  the  important  part  of  the  circulation,  as  regards  the 
nutritive  activity  of  the  Lilood.  is  the  capillarv'  path.  It  is  while 
flowing  through  the  capillaries  that  the  chief  exchange  of  gases 
and  food  material  takes  place.  Tlie  average  length  of  a  capillary 
is  estimated  at  0.5  mm. ;  so  that  with  a  velocity  of  0.5  mm.  per 
second  the  average  duration  of  the  flow  of  any  particle  of  blood 
through  the  capillary  area  is  only  about  1  sec. 

The  Pressure  Relations  in  the  Vascular  System. — That  the 
blood  is  under  different  pressures  in  the  several  parts  of  the  vascu- 
lar system  has  long  been  known  ami  is  easily  demonstrated.  When 
an  artery  is  cut  the  bloo<l  Hows  out  in  a  forcible  stream  and  with 
spurts  correspontiing  to  the  he^rt  l>eats.  When  a  large  vein  is 
wounded,  on  the  contrar>^,  although  the  blood  flows  out  rapidly, 
the  stream  ha3  little  force.  pA-act  mcMSurement?  of  the  hydrostatic 
pressure  under  which  the  blood  exists  in  the  large  arteries  and  veins 
were  first  published  by  Rev.  i)r.  Stephen  Hales;  an  Knglish  clergy- 
man,  in  his  famous  book  entitled  ''Statical  Essays,  containing 
Hosmostaticks/'  1733.*  This  ob8er\*er  measured  the  static  pressure 
of  the  blood  in  the  arteries  and  veins  In*  the  simplest  direct  method 
possible.  After  tying  the  femoral  artery  in  a  liorse  he  coimected 
it  to  a  glass  tube  9  feet  in  length.  On  opening  the  vessel  the  blood 
mounted  in  the  tube  to  a  height  of  S  feet  3  inches,  showing  that 
nommlly  in  the  closed  arter>'  the  blood  is  un<ier  a  tension  or  pressure 
sufficient  to  support  the  weight  of  a  eolunm  of  blood  of  this  height. 
A  similar  experiment  made  upon  the  vein  showed  a  rise  of  only  12 
inclies. 

Methods  of  Recording  Blood-pressure. — Since  Hales's  work 
the  chief  improvements  in  method  which  have  marked  and  caused 
the  development  of  this  part  of  the  subject  have  been  the  application 
of  the  mercur>'  manometer  by  Poiseuillef  (1828),  the  invention  of 
the  recorxling  manometer  and  kymographion  by  LudwigJ  (1847), 
and  the  later  numerous  improvements  by  many  physiologists,  and 
latteriy  the  development  of  methods  for  measuring  blood-pressures 
directly  in  man.  The  Hales  method  of  measuring  arterial  pressure 
directly  in  temis  of  a  column  of  blootl  is  inconvenient  on  account 
of  the  great  height,  large  fluctuations,  and  rapid  clotting.  The 
two  former  disadvantages  are  overcome  by  using  a  column  of  mer- 
cury. Since  this  metal  is  13.5  times  as  heavy  as  blood,  the  column 
which  will  be  supported  by  the  blwxi  will  \ye  correspomlingly  shorter 
and  all  the  fluctuations  will  l>e  similarly  reclucetl.  Poiseuille 
placed  the  mercur>'  in  a  U  t«be  of  the  general  form  shown  in  Fig. 
181,  3f.    One  leg  was  connected  with  the  interior  of  an  artery  by 

*  For  an  ncoount  of  the  life  and  works  of  this  physiolofn^  aec  Dawaon, 
"The  Johiw  Hopkin«  HoHpilul  Bulletin."  vol.  xv,  No».  159  to  161.  1004. 
t  Pnifvuiile.  *•  RfK-herrnes  Mir  la  force  du  cnpiir  aortique."    Paris.  1828. 
I  Ludwig,  "Miiller*s  Archiv  f.  Anatomie,  Physiologie,  etc.,"  1847,  p.  242. 
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appropriate  tubing  filled  with  liquid  and  when  the  clamp 
retnoved  frt)ni  the  vessel  its  pressure  displaced  the  mercury'  in  the 
limba  by  a  certain  annnmt.  The  difFerenee  in  height  l>etween  the 
levels  of  the  meicun'  in  the  two  limbs  in  each  exj>eriinent  gives  t)ie 
blood  pressure,  which  is  tlierefore  usually  expressed  as  t>eing  equ/ii 
to  ^o  many  niillimeters  of  mercury.  By  this  expression  it  is  meant 
that  tiic  pressure  within  the  arterj'  Is  able  to  support  a  column 


m 


U 
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Fig.  181. — A,  Schotna  tn  Almw  the  rDcordiiiK  tncrrury  nuuiotiwler  aod  its  OMii 
with  thearWry:  M,  The  manometer  wifh  ibe  i>'^i^itii>n  of  the  mercury  reprMvni»(l  in  hi 
(Cbe  prMSura  u  i^ven  by  Ibe  distimoe  iii  milJintet«r><  between  tlie  levds  1  and  2;  oae-h*lf 
ttdi  divt&ooe  ia  recorded  on  the  kymoKrar'liiun  )>y  ihr  jicin,  /*);  F,  tbe  float  resting  upou  tl 
nurfaoe  of  the  mercury ;  G.  the  cup  LhrouK h  which  the  stem  c&rryinK  the  pen  moves;  R,  i  tffaet 
for  (IriviiiK  nir  out  of  the  manometer  and  for  tilling  or  waehiuB  out  the  tube  to  the  arteo*: 
R,  ilto  rftceptarle  eonlaininK  the  sdluiion  of  KcMlium  cmrbonalej  c.  the  nnuula  for  iu^ertion 
into  the  artery:  tc.  tlw  woahout  arriLnitcuieiit  ahown  in  detdil  m  B. 

B,  The  wa«hoUC  eannula:  e,  the  iclasB  cannula  ini«rt«<l  into  the  artery  ;  r,  the  etoni 
eonac>ot«d  with  the  reeerroir  of  carbonate  solution ;  o,  the  Fteni  citttnected  with  the  m«noiB- 
•ter.  The  arrows  altow  the  current  of  carbonate  solution  duhnc  the  proceM  of  wmiUas 
outi  tbe  artery  at  that  time  being  clo(«d  by  a  clamp. 


of  mercurj'  that  many  niillimetera  in  height,  and  by  multiplyiDg 
thus  value  l>y  13.5  the  pressure  can  be  obtained,  when  desirable, 
in  t<?nns  of  a  column  of  blood  or  water.  For  continuous  obser- 
vations and  [)ennaiK'nt  records  the  height  of  the  column  of  uiercu 
andits  variutiou-stluring  an  ex]x;rin»ent  are  recorded  by  the  devi 
represented  in  I-'ig.  181. 

The  distnl  limh  nf  the  U  tube  in  wliicli  the  mercur>'  risos  carries  n  float 
of  hard  rubber,  uluiiiinum,  or  aome  other  fiubatance  lighter  than  the  tuercuiy^ 
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The  float  in  turn  bears  an  upright  steel  wire  wtiicli  ut  the  cud  of  the  glasB  tube 
plays  through  a  small  opening  in  a  inetul  or  jiI'ms  can.  At  it5  free  end  it  beara 
a  pen  to  trace  the  record.  If  ernokcd  paper  is  used  the  pen  is  simply  a  smoolh- 
point«d  glass  or  metal  arm,  whih^  if  whit*;  paper  is  I'inpluyed  the  wire  carries 
a  small  gloM  pen  wth  a  capillary  tul>e,  which  writen  the  record  in  ink.  The 
lube  oonDcctiiig  the  proximal  end  of  the  monomclcr  to  the  Hrtery  of  the  ani- 
mal must  be  filled  with  a  solution  that  retanls  thtr  coagulation  i»f  blood.  For 
thiA  purpose  one  einnloys  ordinarily  a  saturat4>d  Hohuion  of  arxliuin  carbonate 
aoiJ  bicarbonate.  T!»is  tube  in  connected  also  by  a  T  piece  to  a  reservoir  con- 
tuning  the  carbonate  solution,  and  by  vnryitig  the  height  of  this  latter  the 
prrMure  in  the  lube  and  the  manometer  may  l>e  adju-*tV'd  iH'forehand  to  the 
pmwure  tlutt  is  suppoaed  or  known  to  exist  in  rhe  arterv'  under  ex]>eriineiu. 
riy  this  means  the  blood,  when  connectioiu*  arc  made  with  the  niaiionieler, 
does  not  penetrate  far  into  the  tuU*.  uiul  clotting  i»  thereby  delayed.  In 
loOfE  obtferxation-s  it  is  mo»t  convenient  to  ymc  what  iH  known  as  a  iraehotU 
tnnnula. — the  slnicture  of  which  is  represented  in  Fig.  181,  B.  When  this 
instnuikent  is  attached  to  the  cannula  inserted  into  the  bli>od-vessel  one  can, 
after  firsi  clamping  off  the  arleni*,  wiufh  out  the  ccmnectioiis  between  the  artery 
and  the  mannmet^r  with  fnvh  ciirlmnate  ttolution  im  often  as  desired,  liy 
such  mejuis  continuous  records  of  arterial  pressure  may  be  obtained  during 
mauv  hours.  Determinations  of  the  prewiun-  in  the  veins  may  be  made  with  a 
nmifur  uppnarus.  but  owing  to  t)ie  low  values  that  prevail  on  this  side  of 
tlio  cirrulatiun  it  is  more  convenient  to  um?  some  form  of  water  manometer 
and  thu>*  record  the  venous  pressures  in  terms  of  the  height  of  the  Hater  column 
supported.  It  shoultl  b<*  add(*d  also  thai  when  it  is  ne<'c8SAry  to  know  tlie 
prcBHure  in  any  special  arter>'  or  vein  the  connections  of  the  manometer  are 
made  usually  to  a  side  branch  opening  more  or  leitH  at  right  angles  into  the 
VWM'I  under  investigation,  or  if  this  is  not  possible  tlien  a  T  tu^^'  i^  in.s4»rted 
and  the  manometer  is  ammtted  with  the  side  bnuuh.  The  reas<ni  for  this 
pmroiure  is  that  if  the  artery  itsell  is  ligated  and  the  manometer  is  con- 
nected with  its  central  stump,  the  flow  in  it  and  its  (ie|}cndent  system  of  cupil- 
larics  anti  veins  is  cut  off;  the  stump  of  the  arter>*  constitutes  simpl3'  a  oon- 
linuation  of  the  tube  from  tlic  manometer  and  »erves  as  a  side  conneciion 
to  the  intact  urtory  from  which  it  arises.  Thus,  when  a  manometer  is  inserted 
into  the  canjti<i  arterj'  the  pressure  that  is  nicjisured  is  the  side-preasure  in 
lhi»  innominate  or  aoiia  from  which  it  arisps.  whilp  a  cannula  in  the  central 
slump  of  a  femorni  artery  measures  tlie  pressun'  in  the  iliac.  A  s|>ecimen  of 
»hat  is  known  as  a  l»hK}d-prt»ssure  n-ciml  is  shown  in  Fig.  \H2.  The  exact 
prc««urc  at  any  instant,  in  millimeters  f»f  mercury,  is  obtained!  bv  measuring 
the  di<ance  between  the  base  line  and  tlie  re<'ord  and  multiplying  by  2. 
The  base  line  represents*  the  position  of  the  reconhnc  pen  when  it  is  at  its 
trrrt  piMTion  for  the  ronditions  of  the  p\f>eriment.  it  is  necessary  to  mul- 
tiply the  distance  between  the  base  line  and  the  record  by  2  because,  as 
is  »ren  in  Fig.  ISl.  the  rec<jrding  apparatus  measures  only  the  rise  of  the 
mercury  in  one  limb  of  the  manometer:  there  is.  of  course,  an  equal  fall  in  the 
other  limb. 

The  blofxl-pressure  remni  (Fig.  182)  shows  usually  large  rhyth- 
mical variations  corres|X)ndinK  to  the  respiratory  tnovenientii  and  in 
addition  smaller  waves  (^aiiseil  by  the  heart  beat.  The  causes  of  the 
reepiraton'  waves  of  pressure  are  discussed  in  the  section  on  reepi- 
nition.  Reganiing  the  heart  waves  or  pulse  waves  the  usual  record 
obtained  by  means  of  a  merrur>-  manometer  gives  an  entirely  false 
picture  of  the  extent  of  the  variations  in  pressure  caused  by  the  heart 
beat.  The  moss  of  merrur>'  f>nssessps  considerable  weight  and  iner- 
tia, which  unfits  it  for  following  acciinitely  vcr>-  rapid  changes  in 
pressure.  When  the  pressure  changes  are  slow,  as  in  the  case  of 
the  long,  respiratory  waves  seen  in  the  record,  the  manometer  un- 
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doiibtedly  indicates  their  extent  with  entire  accuracy.  But  when 
these  changes  are  ven*  rapid,  as  in  (tie  heat  of  a  dog^s  or  rabbit's 
heart,  the  mercury  does  not  regist<?r  either  extreme  in  the  variation, 
but  tends  to  record  tiie  nipiin  or  average  pre^ssure.  'I'he  full  extent 
of  the  variations  in  arterial  pressure  causetl  by  the  heart  l>eat  can  be 


Fi£.  182.— TypicaJ  blood  prcMure  record  with  mercury  manomelcr:  Bv.  Tbenoard 
showinc  tlie  heart  nent-  unj  the  larffer  curve*  due  lo  iho  renpirationii  (ra»plrstary  wmvob 
of  hlo<Mi-(>rf>.vurr}  and  ntill  Umicer  waven  due  tn  vajiomotor  chtinferii,  T,  the  tttne  liite,  Kiving 
the  fime  in  aecHtntls.  The  liriuoj  orteriiiJ  preAdUre  nt  any  moment  is  the  dUtanrr  Irom  the 
bkae  line — that  ir.,  the  line  ti(  sent  premure — to  the  blood -pre»(U re  line.  multiplic<l  by  two. 
Thc>i#  vnlueH  nra  indicated  in  the  vcrhcul  line  drawn  to  (be  riKht,  wriich  fihim!<  that  tbe 
avpnii^  pressure  at  the  time  of  the  eT[ferin>cDt  woa  KM)  mms.  ni^.  1'he  Mnall  mixm  uf  the 
variAtium  in  premure  due  to  each  heart  l*eat  bi  ultiijictber  a  foiac  picture  due  to  thn  iner1i» 
of  the  mercury,  itn  innhility  to  follow  eompiptely  the  quick  cnnnKe.  fajuth  heart  beat, 
iiut«MuI  of  being  ^nialler,  should  be  larger  than  the  respiratory  wavo«. 


detennined  by  other  means  (see  below),  and,  if  the  knowledge  thus 
obtained  Is  apjilied  to  the  correction  of  the  reconl  of  the  mercury 
manometer,  the  tracing  given  in  Fig.  182  should  have,  so  far  as  the 
heart  beats  are  concerned,  somewliat  the  appe^irance  shown  in  Kig. 
183.  This  latter  figure  gives  a  more  accurate  mental  picture  of 
the  actual  conditions  of  pressure  In  the  large  arteries,  as  inHuenced  by 
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the  heart  beat.  These  arteries  are,  in  fact,  subject  t^>  ven^  rapid  and 
vePr'  extensive  ciianges  in  pressure  at  each  beat  of  the  heart,  and 
these  changes  are  naturally  more  pronounced  when  the  force  of  the 
heart  l^eat  is  increased, — for  instance,  by  muscular  exercise. 

Sjfttolic,  Diastolic,  and  Mean  Arterial  Pressure. — As  stated 
in  the  last  paragraph,  the  arterial  pressure  in  the  larger  arteries 
uiHlergoes  extensive  variations  with  each  heart  beat.  The  maxi- 
tnum  pressure  caused  by  the  systole  of  the  heart,  the  apex  of  the 
pulse  wave,  is  spoken  of  as  s}fStolic  pressure;  the  minimum  pressure 
in  the  artery — that  is,  the  pressure  at  the  end  of  the  diastole  of  the 
heart,  or  the  bottom  of  the  pulse-wave,  is  known  as  the  rlinstolic 
jwtssure.  In  a  dog  under  ordinar>'  conditions  of  experimentation 
the  systolic  (lateral)  pressure  in  the  aorta  may  be  as  much  as  16S 
nuns.,  while  the  diastolic  pressure  is  only  100  mms.    In  man  the 
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Sasc  line 
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Ttt,  1S3.— bohemuie  raprMeataticui  of  the  pmnure  chance  eaaaed  by  eaeh  basrt 

„ The  »cb«mii  rvprMwita  time  beert  beeU  supposed  lo  be  reoonled  on  a  rapidly  moving 

MMiwe  by  e  nuuiaiiieler  delicale  enougfa  to  fallow  the  praaeure  changes  eoourmt«1y>     *nM 
top  of  the  pulM  ware  meawiww  the  flyatoUe  prbMUra;   the  bottom  the  dimstoUo  prewure. 

ayatolic  pressure  as  measured  in  the  brachial  arter)'  may  be  taken 
in  round  numbers  as  equal  to  1 10  mnis.,  while  tlie  diastolic  pressure 
is  only  65  mms.  The  difference  between  the  systolic  and  the 
diastolic  pressure  has  been  designateil  conveniently  as  the  pulse 
pressure.  It  measures,  of  course,  the  variation  in  pressure  in  any 
given  artery  caused  by  the  heart  beat,  and  so  far  as  that  arter>'  is 
conceme<i  it  ^ves  the  force  of  the  heart  l^eat  except  for  the  small 
component  used  to  accelerate  the  movement  of  the  blood.  From 
the  figures  given  alxive  it  will  be  seen  that  the  pulse  pressure  in 
the  brachial  artery  of  man  averages  45  mms.  Hg.  Each  systole 
of  the  heart  distends  this  artery,  therefore,  by  a  sudden  increase 
Id  pressure  equal  to  the  weight  of  a  column  of  mercury  45  mms. 
hi|^  As  we  go  outward  in  the  arterial  tree  the  pulse  pressure 
■     becomes  less  and  less,  the  oscillations  in  pressure  with  each  heart 
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capillaries  and  in  the  veins  there  Is  no  pulse  wave,  and  no  differenre 
between  sy:?tolic  and  diastolic  pressure.     In  sj>eakin;5  of  the  pressure 
in  the  blood-vessels  we  refer  usually  to  what  is  called  the  mean 
pressure.     It  is  ohvinius  that,  .«o  far  as  the  larger  arteries  are  ron- 
cernetl,  the  mean  pressure  is  only  a  convenient  expression  for  the 
average   pressure   during   a   certain   period.     If,    by    the   methods 
described  below,  w^e  <ieterminc  the  systolic  and  diastolic  pressura 
in  the  arterj*  of  a  man.  and  assume  that  there  has  been  no  general 
variation  Ijetween  the  two  oljservations,  we  can  estimate  the  mean 
pressure  with  approximate  accuracy  by  takinp  the  arithmeiiail 
mean  of  the  two  figures. 

The  urithmeitGaJ  mean  of  systolic  and  diastolic  pressure**  during  anyj^vrn 
hcarr-bcnl  dopn  not  pve  the  true  mean  pressure,  owing  to  the  form  <>f  thr 
pulse  wave  {sev  Kig.  202).  If  ilie  rise  from  diaslolic  to  Byetolic  presfurr  uui 
the  succeeding  fall  took  place  uniformly,  eo  that  the  pulse  curve  conrtjtuted 


ti 


I'lg.  1S4. — Schema  to  indicate  the  general  nilations  ot  aystolie.  mean,  and  diastobe 
pnsm»iT»  throUjchout  thr  artoruU  syMlem ;  5,  Systolic;  tri,  mean;  d,  diiutolic;  e.  [trvamit 
at  b«idiminK  of  the  capillarie«.  The  didtaoce  from  «  to  d  represents  tbe  puU«  praanue  il 
cJinerent  piula  of  tbe  arterial  ayatem. 


a  true  triangle,  the  true  mean   presmire  would   be  given  by  the  arithmeticml 

mean  of  the  two  pressures.  As  a  matter  of  fart,  the  dejvending  limh 
uf  the  pulise  curve  is  not  a  etraight  but  a  curved  lino,  and  il  is  broken, 
moreiivor,  by  secondary  wav<«.  Tlif  iM>sitinn  of  ihe  mean  pressure  during 
any  given  liean-beal  will  varj-.  therefore,  with  the  form  of  tde  pulae  rurve. 
(.■enerally  speaking,  it  lies  nearer  to  the  diastolic  than  to  the  syKtolic  level.* 

In  ph>*siological  ol>se^^'ations,  as  a  rule,  no  attempt  is  made  to 
estimate  the  mean  pressure  for  any  given  time  with  mathematical 
accuracy.  In  the  ordinur}-  tracing  as  given  by  the  rnercnn'  man- 
ometer (Fig.  182)  the  mean  pres<ure  for  any  given  jjerirnl  during 
which  the  variations  have  l^een  symmetrical  and  not  extreme  U 
cstimateti  as  the  arithmetical  mean  of  the  highest  and  lowest 
points  reache<i.  ^Vhen  desirable,  the  mean  pressure  may  l>e 
re<'Oi\Ieti  by  introducing  a  resistiuit'e  (nant)wing  the  tulje  bv  means 
of  a  8t^pco<'k)  between  the  artery  and  the  manometer.  The  latter 
*  Sec  Dawson.  "  British  Medical  Journal,"  1906.  99A. 


•will  then  reconi  mean  pi^essure  and  sliow  no  variations  with  the 
heart  Ik?uI.  A  jw^neral  idea  of  the  variations  in  syatolir,  diiistoKc. 
anil  tnean  pressures,  throuj^hout  the  arterial  system,  may  be  ob- 
tained from  the  S4'hema  uiven  in  Fig.   1S4. 

Method  of  Measuring  Systolic  and  Diastolic  Pressure  in 
Animals. — In  animals  a  manometer  may  be  connet-led  (hi-ertly 
with  the  artery  and  systoHc  and  diastolic  pre.sfi(ires  may  l)e  obtained 
in  one  of  two  general  ways;  (1)  By  using  some  form  of  pressui-e 
rworder  or  manometer  sufficiently  mobile  to  follow  very  quick 
chances  of  pressure.  (2)  By  usin^  a  mercury  maij<vmeler  pro- 
vided with  maximum  and  minimum  valves.  Of  tlie  manometers 
that  have  l>een  divi»jc<i  to  ix'^L-^ter  accumtely  the  quick  changes  in 
pressure  due  to  the  heart  l>eat,  the  two  that  are  most  frequently 


He.    18&.— The  «prinj{  manoniirtcr  >^{    Kick    <uftpr  JjanoendorfT) '    t.  The  (Ut  m«tal 
)  UM  with  li()uid:   r,  tha  lead    tulw    r><iiitp<-tir)g    with    tlw   artery;  A.  A.  A,  the  lever 
■Mttbaaiam  of  tiitht  wood  conunuDiratinK  the  movptnoilM  of  /  lo  lite  wniing  puini,  *;  p,  « 
itl«e  immenwd  in  ■  vasael  of  oU  to  still  further  damiwn  the  inertu  ^winiCH. 


referred  to  in  physiological  literature  are  the  spring  manometer  of 
Ick*  and  the  membrane  nmnometer  of  Hiirthlef 

The  Kick  manometer  i.s  shown  in  Kir.  185.  It  eoruiists  of  a  fijil,  hollow 
metjilhc  spring  l>ent  into  the  fonu  uf  a  C.  The  interior  is  filled  with  liquid 
aiid  ifl  connected  by  riicid  lubinR  abm  lille*]  with  litiuid.  with  the  inlcriur  cif 
the  artery.  The  variafions  of  pirssure  in  the  artrr>-  are  tmnsmitre«l  to  th«? 
iiitrrinr  of  the  npring  and  tend  to  strnighten  it,  thu.-*  ratutinK  cnrm^^xintling 
iiKivpmenta  of  the  free  end.  Before  or  after  Uftin^r  this  instnnnent  it  must  Iw 
C'llihrated, — that  is,  the  variations  in  movement  niiL«t  !>e  given  absolute  values 
in  leniw  of  millimeCeps  of  niorrury  bv  ascertaininp  direetly  the  extent  of  move- 
ment caut^  !)y  koowii  pressures.  The  Hiirthle  manometer  in  more  fretjuently 
UKxi  at  iircsptii.  Tlie  prineiple  made  use  of  in  this  instrument  is  illustrated 
by  tite  iiiagram  in  Fig.  1H6.  The  instrument  oon«8t«  essentially  of  a  small 
box  or  l^amlwur  of  very  limited  capacity;   the  top  of  the  taratwur  is  covered 

•  Kick,  "Archiv  f.  Phvwologie."  IH04.  p.  583. 

t  '* Archiv  f.  d.  geaammtc  Physiologie,"  40,  45.  \?a\. 
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Fie.  186* — DiaKimin  shnwing  eonatnietion  of  HOrthle's  manometer. — (After  Cwrfu.) 
'Jfhe  interior  of  the  hMrt  or  the  artery  ia  connected  by  ripd  tubing  to  a  wry  amaU  tambour, 
T.  The  tubing  and  the  tambour  are  fUIed  with  liquid.  The  movements  of  the  rubber  dam 
covering  the  tambour  are  greatly  magnified  by  a  compound  lever,  S.  The  tendency  c^  thia 
lever  to  "fling"  may  be  prevented  oy  an  arrangement  not  shown  in  the  diagram.  The 
essential  principles  of  the  recorder  are,  first,  liquid  conduction  from  Ittart  to  tambour; 
second,  a  very  small  tambour  and  membrane  so  that  a  minimal  vc^ume  of  liquid  escapee 
from  the  heart  into  the  tambour. 


To  the  adertf 


Wwnmum 


TTU^ftlffUim- 


Fi(E.  187. — Schema  to  illu!<trate  the  ut*  of  valves  in  determining  maximum  (ssratoUe) 
and  mmimum  (diat>tnlic)  blood-prewjure.  When  stupcock  a  \»  open  the  heart  bwts  are 
transmitted  through  the  maximum  valve  and  the  mercury  in  the  manometer  is  prevented 
from  falling  t>etween  beats.  The  manometer  will  record  the  highest  j>re88ure  reached  during 
the  periutl  of  obwr\*ation.     The  reverse  occurs  when  valve  b  alone  is  open. 
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"With  thin  niblwr  dnm  and  the  cavity  is  filled  with  liquid  iind  connected  by 
rijEid  tailing;,  abu)  tilled  vi-ith  liquid,  with  tlie  inferior  of  thf?  artery  or  heart. 
"Varintioiw  in  pri'-sure  in  ihe  artorv  are  trangniitled  thmtigh  th«  ooluiun  of 
Iquid  to  the  ruhlx-r  menihnme  of  t'he  t;unU>iir,  ;uul  the  movements  of  this 
latter  are  jnvatly  mojj^iified  hy  a  n^onsitivc  lever  attached  to  it.  The  liquid 
conduction  and  the  small  Bize  of  the  tambour,  which  preventa  any  notice- 
able outflow  of  liquid,  combine  to  give  a  84Hi>itive  and  \er>-  prompt  record  of 
prenurr  ehanRes.  It  in  also  necensan"  to  cahbrute  tbia  int*trnment  whenever 
nwd  ill  <»nler  u*  give  ub.«w}lute  vidiies  to  the  records  obtained.  A  >|ie«itnen 
of  a  bliwui-prcs-ure  rei-oni  <itiliiiiiei|  with  this  iri<-trutneiit  is  shown  in  Hg.  IS8. 

(rill  \)C  noliefti  that  thCMisenf  thelieart  I lejit.  relative  to  the  <liHtiiiioc  from 
ba^^e  line  i-*  much  f^reater  than  in  tho  record  obtained  witli  the  nienii 
lometer.  Fig.  182. 
FSc<  Itttt.— HlrMMl-prt^-iirr  rrrorcl  fmm  ft  (ioit  ^ith  a  HOrthlr  n\Annruct«r,  The  aiivj 
«f  Uw  baut  tMBttt  Im  r^Uilvi'ly  much  KivKlor  than  with  a  mercury  inannmf<tvr.  In  iliiseuai 
ttw  •TsU^ie  prawiure  u  mImiuI  150  itJitm.  fig;  the  tiia»tolir,  100  nitiiA. ;  anj  the  heart  b«*t  aitj 

ao 


The  method  tliat  depends  upon  the  use  of  maximum  and  minimum  valves 
mav  be  utH)en«t4^Kid  by  reference  t<>  Kig.  187.  <ln  the  path  between  the  artery 
and  the  manometer  one  may  place  a  maximum  and  a  minimum  vahe  »o  ar- 
r&nf^l  that  ttte  bliMHl-prcHhure  and  heart  beat  tuny  be  transmitted  through 
cither  valve.  Am  is  nhown  by  the  hfi;ittc,  if  the  (Yiiineetion  i.-^  muintaine«l 
through  the  maximum  valve  for  a  certain  time  the  highest  pre^^ure  reached 
during  that  period  will  be  recorded,  while,  when  the  niininmm  valve  m  ut^ed 
the  lowest  pressure  reacheii  will  l>e  indicatc<l. 

Such  valvM,  of  course,  act  hIowIv  and  can  not  be  used  to  determine  the 
maximum  and  minimum  pre*«Aure  in  the  artery  during  a  single  heart  beat; 
they  record  (he  highest  and  lowest  point  reached  during  a  cortatD  given 
interval. 

Actual  Data  as  to  the  Mean  Pressure  in  Arteries,  Veins^ 
and  Capillaries. ^ — Tho  mean  value  of  the  pressure  in  the  aorta 
tios  been  deteriiiineii  for  many  mammalfl.  It  Is  found  that  the  actual 
figures  van'  with  the  conditions  under  whitrh  the  results  have  been 
obtained.     Such  vahies  as  the  following  may  be  quoted:'^  ^ 

Hone  321  mnifi.  t.o  150  mms.  Hg. 

Dog.  172    "       "  IfM     " 

Sheep 206     "       **  \m      "       "  , 

Cat 150    " 

Rabbit 108    •'       "90      "      •• 

Mad  (probable,  Tigerstftdt)  ....  150     */  | 

•See  VoUummn.  "Die  Haemodynamik/'  1860. 
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It  appeal's  from  these  figures  that  there  is  nn  proporlion  between 
the  size  of  an  iinimal  ami  the  amount  of  mejxn  arterial  ])r€\ssure.  It 
Ls  probable  that  ifiere  may  )je  a  general  relationship  between  the 
she  of  the  animal — that  is.  the  size  of  the  heart — and  the  amount 
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Fiic  180> — Curve  showing  tlw  rwulu  <if  actual  tneuHuroment  of  Bystolic,  diastolic,  and 
mean  nrPAMire  (lateral  preaaurM)  along  tbe  aorta  and  femoral  of  the  duK.  The  bnuicbes 
through  which  the  lat«ml  pressuna  were  obtained  are  indicated  a«  fi>U<)M.<4:  S\k  \jpI\  '«ub- 
davian;  C'-.V.  celiac  and  superior  meeenteric;  H,  left  renal;  F,  led  fcmorul  < I'iUeubercer 
and  Hauni),  ext«nial  Uiao;  P,  profunda  t>ranrh  (^  femoral;  .S,  Kaphena.  The  preaiiijre  in 
milUmetera  ia  giveo  alung  the  nrdiiiutt*^  tt>  the  U>ft.  It  will  be  tiulc^l  that  tlie  mean  anil 
the  (lia»i'tolio  preeeuree  remain  prartically  the  mme  throuxh'tui  iIip  <[escprirling  aorta  and 
iirtu  the  feroural.  The  .^Holic  pressure  shows  a  marked  inrrcu.'w  ar  the  lower  end  of 
the  aorta  and  ihrn  hxXU  uff  nipJdly.  The  pul»«  pressure  at  the  inferior  end  of  the  tlescend- 
fng  aorta  Is  much  larger  than  at  the  arch.      {Uauaon.y 

of  pulse  pressure  or  the  osciJlntion  of  pressure  with  each  heart  beat, 
but  Ruffirient  data  are  not  at  hand  to  dotermine  this  point.  As 
we  pass  from  the  aorta  to  the  smaller  arteries  the  mean  pressure 
decreases  somewhat,  although  not  very  rapidly,  while  the  pulae 
pressure  decreases  also  and  to  a  more  noticeable  extent. 
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This  fact  is  illustrated  in  Fi^.  189,  whicli  pives  n  graphic  repre- 
sentation of  a  number  of  experimentai  determinations  *  of  systolic 
ami  diastolic  pret^sures  in  the  large  arteries  of  the  dog. 

If  we  turn  to  the  other  end  of  the  vtv^cular  system,  the  veins, 
we  fimi  that  the  h)\ve.st  prcssuiv  h  m  the  jugidar  and  thut  it  increases 
j^aduully  as  we  go  toward  the  capillary  area.  Accoriiing  to  one 
observer,!  the  fall  iu  pressure  from  periphery  toward  the  heart  is 
at  the  rate  of  1  mm.  Hg  for  ever>-  35  mms.  of  distance.  We  have 
such  figures  as  the  following : 


Dog. 
Suptrior     vena     cava 

(pemr  auricle) ^  —2.96  nima.  Ug. 

Superior     vena     cava 

moredUial =-—1.38    " 

External  jUAuUr  (left)  =       0.52  mm.      " 

Riltht  hrachul -        3.00  roms.     " 

Lcit  facial -       6.12     " 


Shidbi*. 

Jusulnr  vein 0.2  mm.    IIr. 

Fanal  vein 3.0  miiifl.    *' 

Branch  of  brachial 9.0     "         " 

Crural II. -I     " 


FIk.  IfHi.y^hematic  roprettentation  (>f  the  svnera]  relationB  of  blood-pressure^  (Hid* 
pressure]  in  clifTerent  partji  ot  the  vascular  nyMtem:  a.  The  arteries:  c,  the  eapillariea;  p. 
Ibe  veins.  The  mean  and  dimttoJic  prmtsurae  remain  nearly  oonatant  in  tboart«nalayiit«m, 
an  far  aa  they  can  be  meaouied  accurately. 


At  the  heart,  therefore,  the  pressure  of  the  blooil  upon  the  walls 
of  the  veins  is  nearly  ntV,  and,  imleeil,  owing  to  the  circumstance 
tliat  the  large  veins  lie  in  the  thoracic  cavity,  in  whlvh  the  pressure 
is  bi'low  that  of  the  atniosj>here,  the  tension  of  the  lilood  iu  them 
niay  be  slightly  negative.  To  complete  the  general  conception  of 
the  pressure  relations  in  the  vascular  system  it  is  necessar\'  to  know 
the  pressure  of  the  blood  in  the  smallest  arteries  and  veins  and  in  the 
capillaries.  It  is  not  possible — in  the  case  of  the  capillarioa,  for 
instance — to  connect  a  manometer  directly  with  the  vessels,  and 
recourse  lias  been  had  to  a  less  direct  and  cert.iiin  method.  The 
capillar}'  pressure  in  different  regions  of  the  skin  has  been  estimated 
by  determining  the  pressure  necessary  to  obliterate  them — that 
is,  to  blanch  the  skin.  A  glass  plate  is  laid  upon  the  skin  or 
mucous  membrane  and  weights  are  atlded  until  a  dUtinet  change 

*  iJawson,  "American  .lotimn!  of  Pliysiolngy, "  1.5,  2A4,  liKMi. 

t  Burton-<JpitJ!.  "Aniericaa  Journal  of  Physiology,"  9,  198,  1903. 
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in  the  eokr  oC  tiie  ddn  »  BOtaL* 
prodnce  diis  effect  and  the  warn 
pfCflRire  BttjT  be  cxptcBBo  In  ten 
Mood. 

Hk  foDowins  exasfile  Biy  be  wed 

novCiffv  to  lihBrfi  Um  ««a  II II  irf  I  r 
fmt  1000  CJBHM.  villi  m  iHMi  iiii  cf  4  a 
«wridtteKloi«beeqMl  to^Vo«^2S0 


tbe 


to 


the 
oi  menmn*  or 


to  BbAoAc  I^  w Oil  III.  Stq]|MK 
H.,  Hid  tfcuft  to  falMeb  Uw  <km  under 

flf  miv  =  1  CA,  er  1000  c  nmiL 
K|Mr  ft  aelaaM  of  vatcr  cootaof 
tJHBB.  Hk  bright  o^  tlus  eoluna 
■ML  9d  VBicr,— «faat  ia,  I&5  mm. 


The  lesuhB  obtained  fay  tibos  metliod  are  not  veer  eonstant  and 
can  only  be  considered  as  appcoximate.  It  would  appear,  bow- 
erer,  that  the  preastue  lies  socnevbere  between  30  and  40  mms. 
of  memuy.  Thus,  upon  the  gums  of  a  rabbit  von  Kries  found  a 
capillary  pnasure  of  33  mzns.  Hg. 

The  general  relations  of  the  pnaBures  in  arteries,  veins,  and 
capillaries  may  be  expccssed  in  a  curve  such  as  is  shown  in  Fig. 
190. 

The  Method  of  Determining  Blood -pressure  in  the  Large 
Arteries  of  Man. — It  is  a  matter  of  interest  aiKi  practical  impor- 
tance to  ascertain  even  approximately  the  artefial  pressure  in  man 
and  its  variations  in  health  and  disease.    The  first  practical  method 
for  determining  this  point  upon  man  was  suggested  by  von  Basch 
(1887),  who  devised  an  instrument  for  this  purpose,  the  sphygmo- 
manometer.    Since  that  time  a  number  of  different  instruments 
have  been  described,  but  attention  may  be  called  to  two  only,  which 
are  among  the  most  recent  and  convenient.     In  the  first  place,  it 
must  Ije  cleariy  recogni2ed  that  the  arterial  pressure  in  the  lan?e 
arteries  of  man  shows  marked  variations  with  the  heart  beat;   the 
pressure  during  the  beat  of  the  heart  rises  suddenly  to  a  much  higher 
level  than  during  the  diastole.    The  relation  of  the  s\'stoUc  (or 
maximum)  and  diastolic  (or  minimimi)  pressures  is  indicated  by  the 
diagmm  in  Fig.  1S4.    The  instruments  that  have  been  invented  for 
determining  human  blood-pressure  are  in  reality  adapted,  more  or 
less  accurately,  to  determine  one  or  the  other  or  both  of  these  p 
mires.     No  instrument  has  been  de\ised  for  determining  tlw  mean 
pressure,   and,   indeed,  from  a  ph>-^iological  standpoint  siich 
instrument   would  not  be  so  valual>le  as  one  that  gives  us 
figures  corre5p<->nding  to  the  s>'stolJc  and  the  diastolic    pressures 
and  thus  allows  us  to  calculate  an  approximate  mean.     For  it  is 
evident  that  in  the  latter  case  we  should  be  in  possession  of  more 
data  with  which  to  analyze  the  causes  for  any  given  variation  in 
pressure.     The  principle  of  determining  the  8>-stolic  pressure  alone 

*  V.  Krie«,  "  Berccht^  d.  Sftchs.  Gcaellscbaft  d.  Wis.  M&th.-pby&  CUaw/ 
1876,  p.  148.  »- 
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Is  verj*  simple:  it  consists  in  determinini;  the  amount  of  pressure 
necessary  to  completely  obliterate  the  arter>', — that  is,  to  prevent 
a  pulse  from  passing  through  the  region  under  compression.  Tills 
principle  wu.s  use<l  originally  by  von  Hasch,  but  its  application  has 
lieen  made  perhaj^  most  succeaafully  in  the  ainiple  apfjaratua 
Bun^ested  by  Riva-Rocci,  which  is  adapted  esjiecialiy  for  measure- 
ments of  pretwure  in  the  brachial  arterx*.  One  form  of  this  instru- 
ment is  represented  in  Fig.  191. 
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Fls.  291  — Flcura  of  tho  Kivu-Rocci  apparatus  iSafUt}:  a.  The  leather  ooUar  with 
t  rubber  b«c  to  so  on  tb«  iirni ;  c,  Om  bulb  for  olowtng  up  the  rubber  bac  and  thtH 
iraansc  the  artery;  d,  the  inuiomeier  (Hpptng  inio  llie  rttwrvuir  nf  mercury,  o,  to  mras- 
%bm  aiiKiuiit  of  preemre. 


The  leather  or  canvas  band,  a,  is  buckled  snugtv  around  the  arm.  On 
ihc  inner  surface  of  thw  band  there  is  a  rut>ber  ba^  which  communicates  with 
the  mercury  manometer,  fi,  and  the  pressure  bulb,  c.  When  the  band  is  in 
pUce  rhythmical  compressions  of  r  will  force  air  into  the  rubber  ba|$  surround- 
tng  Ihe  arm.  This  ha^  is  blown  up  and  exerts  pressure  upon  the  arm  and 
tlm>ugb  the  arm  tissue  upon  the  brachial  artery.  Tlie  amount  of  pressure 
that  is  bein^  exerteil  upon  the  arm  U  indicated  at  any  moment  by  tlte  mer- 
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llf.  193.— Schema  to  tUtutrate  the  fact  that  when  the  preasure  upon  the  outdtl»  of  the 
artery  ic  equal  to  the  diaiitoliQ  preanure  tb«^  pul.'v  wave  will  cttUM  a  tiiaximal  expoiktaun  of 


artery;  a 
■  indCcate 


wavsb  CM 


preanure 

nt«  tb«  normal  aners'  ilwiDo-letl  hy  fliaatotio  blocxl-premure:  the  Jutted 
the  additional  eKp&uvion  oaiL<«>J  by  thf>  pulw  wave:   b  reprewtiLn  tho  artery 
'  by  an  outaule  pre&aure  equal  to  the  di&^lolic  preaeura  within;   the  artery 
»  of  ao  •mpty  artery  kept  patent  hv  the  ri«l(Uty  of  iu  walU.    Tba  pulw 
leetion,  find«  a  relaxiNl  wall  and  cauaas,  therefore,  a  marimmn 


i 


this 


Tho  moment  nf  obliteration  of  the  artery  is  dptemiined 
eielinfc  tor  recording)  the  pulse  in  the  radial  artery.      The  moment  that 


Gurr  manometer 

br leielinfc  tor  recording)  the  pulse  m  the  radial  artery. 

pulse  disappears,  as  the  pressure  upon  the  brachial  is  raised,  indicates  the 


maximtim  or  systolic  pressure  in  the  brachial  artery.     As  the  pressure  is  low- 
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ere*l  again  the  pulso  reapixnirs.  Aiiuing  other  wmrces  of  emjr  invol\T<J  in 
ttus  method  it  is  to  he  ronwrnbcrrrl  thai  the  tnctilc  wmsibility  irt  not  miifirirntly 
deUcate  to  detect  a  inininial  pulse*  in  the  artery.  Other  melhoUs  of  cletermin- 
tnf^  the  systolic  pressure  (ace  below)  indicate,  us  a  matter  of  fact,  that  the 
pnl^  ooiitiniies  some  time  after  an  individual  of  average  tactile  sensibility  is 
unable  to  detect  it. 

To  determine  the  diastolic  pressure  is  more  difficult  and  requires  mmt- 
whfit  more  appnrntiw.  The  princij>le  employed  was  Brst  sug^^eated  by  Hvry 
an(i  first  ]>ruclicttllv  applied  by  Mosso.*  The  method  conaista  in  reoonfiog 
by  some  mt^nn^i  the  pulsation.s  of  the  iirten'  under  different  pressures  andde- 
teriiiining  vindor  wliul  pressure  the  niaxiinul  pulsations  are  gn'cn.  This  pn^ 
sure  tiliould  Ix-  e(|Unl  to  thi*  diaHti)lic  pressure  within  the  iirterj'.  The  prin 
ciple  involved  may  be  illiifitrated  by  the  accompanying  fiRurc  (Hi;  192). 

Let  a  represent  a  longitudinal  section  of  an  artery  distended  Ly  iwnna! 
diastolic  arterial  pressun*.  At  each  heart  beat  the  force  of  the  puWnilldi^ 
tend  the  artery  still  more,  iw  reprwionted  by  the  dotted  linen,  and  thi»  in- 
crease in  size  may  be  measured  ny  proper  tninamiiting  apparatus.  If  no* 
prety*ure  is  brouglit  to  fn-ar  up(»n  the  outt>ide  of  the  art^ri,'  ita  lumen 
will  be  diminished  as  the  outsiiii*  pressure  is  increiised.  and  when  this  prf*- 
sure  is  equal  to  the  diastolic  blood-pressure  within  the  art<?ry  one  wiD  neu- 
tralize the  other,  and  the  diameter  of  the  artery  wilJ  Im'  etutal  to  that  atfUUUMl 
when  the  veswel  contains  blood  under  no  pressure  and  is  Kept  patent  only  by 
the  stiffness  of  it8  walls  {b).  Under  this  condition  the  pulae  wave  when  it 
traverses  this  portion  of  the  vessel  finds  its  walk  completely  relaxed.  « il 
were,  and  the  force  of  the  heart  wave  will  conseciuenlly  cause  a  ppcaler  dis- 
tension of  the  arterial  walls  and  a  larger  puU*  wave  in  the  recording  ap- 
paratus. It  the  out-wido  prfswiure  i.-*  increttsed  Iwyond  the  lunount  of  diastolic 
pressure  it  will  not  only  neutralize  this  latter,  biit  will  lend  tti  o>'ercome  the 
stiffneesof  the  arterial  wall.  When  the  pulse  wavenaHsett  through  ihii'strrtcii 
it  will  be  forced  not  onlv  to  distend  tlie  wiiIU,  but  also  to  overcome  the  cxw« 
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TIk.  193. — Record  (Brianorr)  to  show  thp  maxiinum  iiile  nf  the  rprurded  pulai 
wave  wKeii  the  outdddft  or  extntvo-MruIar  pressure  la  equal  lo  tb«  internal  duutolic  prcnniit. 
The  artery  is  cotupreMsed,  first  nith  a  preaeure  above  dvoioiic.  ^tuflicieat  to  ublitenile  the 
lumen.  A»  tbis  pressure  is  lowervii  in  >tlei»  uf  A  rnina.  ttie  rvcnnltHl  itubm  wa\-e  ini  ii  trnm  in 
nie  to  a  maximum  and  then  agniti  becoiuBM  nmtUler.  I'he  nutxidf^  preniure  with  which  tt 
maxioium  pulse  u  obtained  measures  the  amount  of  the  internal  diastolic  preavure  (Marej 
principle). 


of  pressure  on  the  outside.  The  movement  of  the  walls  with  the  pulse  wai 
will  be  less  extensive  in  proportion  to  the  excess  of  nrcssupe  on  ine  out«i( 
If.  therefore,  oiie  starts  with  an  outside  y)reiwure  sufficient  lo  oblitprate  II 
artery  completely  the  recorded  pulse  wa\e  will  be  small.  A^  this  pressi 
is  diminished,  the  puUte  waves  liecome  larger  up  to  a  certain  point  and  thi 
decrease  again  in  size  (see  Fig.  193).  The  outside  pressure  at  which  thi»- 
maximum  pulse  is  obtained  measures,  acctjrding  Uy  Uie  principle  fdated  ai>ove, 
the  diastohc  pressure  within  the  artery'.  That  the  principle  is  correct  ha* 
been  Bhowii  by  direct  experiments  upon  the  ex[>osed  artery  of  a  dog,  in  which 
the  pressure  was  measured  by  the  metliod  outlined  above  and  a^  directly 

♦  "Archives  italiennea  de  biologic,"  23,  177,  1895. 
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by  a  manometer  ronnectml  with  tlje  intprior  of  Iht*  artery*  In  such  expcri- 
iiieot>t  upon  man,  howevor,  one  comlitinn  is  present  which  dctractJ?  from  ihe 
dbBolut<*  value  of  the  ri'eultJi  olitjxinorj.  although,  a'lncv  it  is  suliHtantially 
«  constant  factor,  it  does  nut  soriously  interfere  with  n*lative  resuUfi,  that 
i«.  wil)i  observationft  upon  the  variation5-  of  pri*ssun'  under  different  condi- 
tions. Tliis  source  of  error  lies  in  the  fact  that  in  the  liviuK  person  the  out- 
ride pre»un?  can  not  be  applied  directly  to  the  nrleriejs,  but  nnly  indirectly 
through  Ihe  interxenlnje  tiHsiww.  These  tissues  interpose  a  certain  roiifc-tance 
to  the  prewture  exerted  from  without,  and  some  of  this  pressure  must  be  epent 


'Si 


m 


FW.  1 


I 


KM.— ^bema  Bbowinfc  tbe  rnnetruction  of  tho  Ertonirer  apparmtiu:  a.  Rubber 
ann  picc«;  e.  bulb  fur  lilowiu^  up  this  imf  aiul  putting  presture  on  tbe  arm;  6. 
Ui*  m^Mumnvtmr  for  nwaAiriDC  tbe  pressure;  i,  two-wmv  atopoock  ^wbon  tumtni  no  aa  to 
•oaUBOniflalc  with  tba  ospiltary  opaninjs.  A.  it  allom  the  pmeurv  in  a  to  fnll  slowly):  #. 
a  mbbar  b«c  in  r  glaai  duunber,  /;  c  cumrounioates  with  a  wben_  !itn|KM>ck  d  ia  cipcn  ana 
tbe  paU»  wmvftf  from  a  &r«  tmnsniittcd  to  fl;  the  puUationa  of  a  ui  turn  aro  transmitted 
io  IDC  (Iclicai*  lambour.  A,  and  are  lhu»  roconiod. 


in  overcoming  ibis  resistance.  Tbe  amotint  of  the  resistance  offered  by  the 
tiamet  has  been  estimated  difTcrently  by  varioua  aiitbora,  but  probably  tie-^ 
betweeD  0  and  10  mnu.  of  incrcurv, — tliut  ha,  the  pressure  as  ineAsured  exeeeda 
Uw  real  diastolic  pressure  by  thid  amuiuit.  Several  instruments  have  been 
devised,  according  to  this  principle,  to  nuuiHurc  diu^tolie  prc^urcs,  but  the 
aphygmom&nometer  described  by  Krlangerf  \»  probably  iLc  most  coniplcle 
and  the  most  convenient  for  actual  use.  This  instrument  is  illuBtrat«d  in 
rwB.  104  and  195. 

It  may  \>e  used  to  determine  both  systolic  and  diastolic  pressures. 

The  way  in  whicli  the  apparatus  is  i»ed  may  be  understood  from  the  sche- 
matae  fur.  194.  a  is  the  rubl>er  bug  which  is  buckled  upon  the  arm  bv  a  leather 
strap.  Tlua  bag  communicates  with  the  mercurj'  manometer,  b,  with  a  pres- 
■Uiebagi  Cf  through  the  two-way  iftopcoek,  j,  and  through  the  stopcock  d  with 
*  lUbber  bag,  e,  contained  in  a  ffl/Lss  chamber,  /.  Thin  glass  chmnber  ofim- 
municatcs  above  with  a  M-miitive  tain>>our,  h,  and  by  means  of  the  stopcock 
l^can  b»  placed  in  communication  with  the  outside  air.  The  systolic  premure 
may  be  tleiemiined  in  two  ways:  Hy  one  method  only  the  mercury  manora- 

*  Howell  and  Brush,  "  Prt.>ceeding9  of  tbe  Ma»KachuHett.M  Medical  Society," 
1001 

t "  American  Journal  of  Physiolo(*y.*'  '*  Proceed ings  of  the  American 
I1iy«ological  Society,"  6.  xJtii.,  1902;  and  "  Johns  Hopkins  Hospital  Report.%" 
12,  o3,  lvU4. 
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eter  is  neceasary,  the  instrument  corresponding  with  the  Riva-Rocci  app»- 
ratufi  dcHcribeil  above.  By  means  of  the  pressure  bag,  c,  the  bag,  a,  upon  ibe 
arm  is  blown  up  until  the  pressure  is  above  the  8)r8tohc  pressure  and  theradiii 
pulse  below  disappears.  By  turning  stopcock  »  properly  the  system  b  allowed 
to  conuimiiicate  with  the  air  through  a  capillary  opening,  Ar.  Conse<^ueiiUv 
the  pressure  upon  the  artery  in  the  arm  falls  slowly,  *nd  by  palpating  li* 
radial  artery  one  can  determine  the  pressure,  as  measured  by  the  roercurr 
nianonieter,  at  which  the  puUe  just  gets  tluvugh.  Hiis  pressure  will  inraeurr 
approximately  the  systolic  press»ire.  The  second  method  gives  hiirher  and 
doubtless  more  accurate  results.  In  this  method  the  pressure  is  at  first  rar.<«d 
above  systolic  pressure  with  stopcocks  d  and  v  open,     a,  e,  and  6  are  uadei 


t*flL. 


Tig'  ld5. — ErUncBT  appKratiu.     The  colUr  for  ttie  arm  is  nnt  iihown.    The  p*rti  may  b« 
UDdereiood  by  refcreaoe  to  the  schema  iciven  in  y'lg.  lf)4. 


the  same  pre-^ure.  If  stopcock  g  is  now  turned  off,  the  pulsations  In  a  are 
transmitted  to  e  and  through  il  to  the  tambour,  h,  and  the  lever  of  the  tam- 
bour writes  these  pulsatiotis  on  a  kymographion.  It  should  be  explained  that ' 
pulsations  are  obtained  even  when  the  pressure  on  the  arm  is  mucK  more  than' 
flufhcient  to  completely  obliterate  the  brachial  arterv.  The  reason  for  thisi 
is  that  the  pulsations  of  the  central  stump  of  the  closed  artery  will  be  communi-i 
eatcd  to  bag  a.  When  the  pressure  is  nuprasystolic  these  pulsations  are  smaO. 
If  DOW  the  pressure  in  the  system  is  dimmished  slowly  bv  turning  stopcock  \ 
ao  as  to  communicate  with  the  capillary  opening,  k,  it  will  be  found  that  at 
a  certain  point  the  pulsations  suddenly  increase  m  height.    This  point  marks 
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moment  when  the  pulse  wave  is  first  able  to  break  throxnjjth  the  brachial 
«Her%*,  and  it  eives.  therefore,  the  systolic  pres-siirp.  After  finding  the  BVfi- 
tolic  preaaure  tne  diastolic  pressure  is  obtained  bv  allowing  the  pre*isure  to 
drop  »tUl  further.  The  puUntions  increase  in  lieiRht  to  a  maximum  size  and 
thcji  decrease.  The  prpssiire  at  which  the  maximum  pulse  wave  is  obtained 
marks  the  dinittolic  pressure.  It  ifi  bettor  perhaps  in  dnippiiig  the  presstire 
for  this  last  purpose  to  manipulate  stopcocK  i  so  as  to  drop  the  prc'^surc  5 
mma.  at  a  time,  recording  the  puL%  wave  at  each  pressure.  In  this  way  a 
reeord  is  obtained  such  as  is  given  in  Fig.  103.  It  should  he  added,  also,  that 
in  order  to  keep  the  lever  of  the  tambour  horizontal  while  tJ^e  pressure  in  the 
system  is  l>cing  lowered  there  ia  a  minute  pinhole  in  th*-  metal  bottom  of  the 
U^mbour.  Through  thia  pinhole  the  pressure  in  (he  taniltour  and  chamber, 
^^K  kept  atmospheric  throughout,  except  during  tlir  quick  changes  caused 
^Bythe  pulse  waves.  By  means  of  this  instrument  one  can  determine  within 
a  minute  or  »o  the  amount  of  ttie  systolic  and  di:istolic  pressure  in  the  brachial 
artery,  and  also,  of  course,  the  difTerence  hetweien  the  two,  the  pulse  pressure, 
whicn  may  be  token  as  a  measure  of  the  force  of  the  heart  beat. 

The  Normal  Pressure  in  Man  and  its  Variations.— Hy  means 
of  one  or  other  of  the  instnimenti^  devised  for  the  j>iirf)08C  numerous 

\  results  have  been  obtained  regardinR  the  blood-pressure  in  man  at 
different  ages  and  under  var>'ing  normal  anri  ahnnrma!  conditions. 
Unfortunately  the  methods  used  htive  not  always  been  complete. 
8ome  authors  give  only  systolic  pressures,  for  example.  In  such  ex- 
periments also  a  troublesome  factor  is  always  the  psychical  clement. 
The  mental  interest  that  the  individual  experimented  upon  takes  in 
the  procedure  almost  always  causes  a  rise  of  pressure  and  i.>erliaf« 
a  change*!  heart,  rate.  Results,  as  a  ntle,  uprm  any  individual  show 
lower  values  after  the  novelty  of  the  procedure  has  worn  oflf  and 
the  patient  submits  to  the  process  as  an  uninteresting  routine. 

I  Under  normal  conditions  Potain*  estimated  the  systolic  pressure  in 
the  radial  of  the  mlult  at  ahotit  170  mms.  of  mercun,'^  and  the  varia- 
tions for  different  ages  he  expressed  in  the  following  figures: 


6-10 


15        20        25        30        40       50       60       80 


(systolic)   89      13.5      150       17U      IKO      190      2fX)      210     220 

Without  the  other  side  of  the  picture — that  is,  the  diastolic  pres- 
sure and  the  force  of  the  heart  heat  (ptilse  pressure) — it  is  difTicult 
t*>  interpret  these  figures.  The  rapid  increase  up  to  maturity 
prol>ably  represents  chiefly  the  larger  output  of  blood  from  the  heart; 
the  slower  and  more  regular  increase  from  maturity  to  old  age  is 
due  possibly  to  the  gradual  liardening  of  the  arteries,  since  the  less 
elastic  the  arteries  l>ecome,  the  greater  will  be  the  systolic  rise  with 
each  heart  beat.  With  his  more  complete  apjjaratus  Erlauger 
reports  that  in  the  adult  (20  to  25),  when  the  psychical  factor  is 
exchided,  the  average  pressiue  in  the  brachial  is  1 10  mms.,  systolic, 
and  65  mms.,  diastolic. — figures  much  lower  than  those  given  by 
*"La  prestiion  artcrielle  de  Thommc,"  Paris,  1902. 
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Potain.    The  same  observer  reports  obser\ations  upon  the  effect 
of  mealSf  of  batlis,  of  posture,  the  diurnal  rhythm^  etc.* 

The  effect  of  meals  is  particularly  instructive  in  that  it  ilhistrata 
adniirably  the  play  of  the  conii>ensaton'  mechanisms  of  the  cimi- 
lation  by  means  of  which  the  heart  and  the  blood-vessels  are  ad- 
ju3te<l  to  each  other's  activity.  During  a  meal  there  is  a  dilalation 
of  the  blood-vessels  in  the  al)dominal  area,  or.  as  it  is  frequently 
called  in  physiojogv',  the  splanchnic  area,  since  it  receives  it« 
vasomotor  fibers  through  the  splanchnic  nerve.  The  natunl 
effect  of  this  ililatation,  if  the  otiier  factors  of  the  circulation 
remained  constant,  would  l>e  a  fall  of  pressure  in  the  aorta  and  a 
diminution  in  blood-flow  to  other  organs,  such  as  the  skin  ami  the 
brain.  This  tendency  seems  to  be  compensateti,  however,  by  sd 
increased  output  of  blood  from  the  heart.  Observations  with  the 
sphygmomanometer  show  that  after  full  meals  there  is  a  marke<J 
increase  in  the  pulse  pressure,  inciicatinga  more  forcible  beat  of  the 
heart.  80  far  as  the  effect  on  the  heart  is  concerned,  the  result  o(  a 
meal  is  similar  to  that  of  muscular  exercise,  and  this  reaction  nay 
accoimt  for  the  fact,  not  infrequently  observed,  that  in  elderiv 
people  whose  arteries  are  rigid  an  apoplectic  stroke  ma\  follow  a 
hea\'y  meal. 

*  Erlanicrr  ami  Hooker,  "Tlie  Joliru  Hopkins  Hojipital  Rrporte,"  vol 
xiL.  1904. 


THE  PHYSICAL  FACTORS  CONCERNED  IN  THE  PRa 

IDUCIION  OF  BLOOD-PRESSURE  AND  BLOOD- 
[  VELOQTY. 

In  the  preceding  pages  some  of  the  essentifti  fact5  have  b«en 
Stated  regarding  the  pressure  and  the  velocity  of  the  blood  in  the 
different  parts  of  the  vascular  system.  We  may  now  corLsuler  the 
physical  factors  that  are  responsible  for  the  production  ami  mainte- 
nance of  these  peculiarities.  The  i)roblem  as  it  actually  exists  in  the 
circulation,  with  ita  elastic  vessels  var>'ing  in  size  from  the  aorta, 
wth   an   internal    diameter  of   nearly    20    ninis.,   to   the   capil- 

»Unes,  with  a  diameter  of  0.(X)0  mm.,  is  extremely  complex,  but  the 
general  static  and  dynamic  principles  involved  are  simple  an<i  easily 
understood. 

Side  Pressure  and  Velocity  Pressure. — When  water  flows 

through  a  tube  under,  let  us  say,  a  constant  head  of  pressure  it 

encounters  a  resistance  due  to  the  friction  between  the  walls  of  the 

veesel  and  the  particles  of  water,    llus  resistance  will  be  greater, 

the  narrower  the  tulie,     A  part^  of  the  head  of  (iressurc  used  to  drive 

the  liquid  along  the  tui)e  will  be  use<l  in  overcoming  this  resistance 

■to  its  movement,  and  the  volume  of  the  outflow  will  he  correspond- 

Singly  diminished.     If  we  use  an  apparatus  such  as  is  representeil  in 

^Fig.  196,  consisting  of  a  reser\'oir,  //.  and  a  lonj?  outflow  tube, 

1,  2»  3,  4,  5,  the  outflow  from  the  end  and  the  pressure  along  the 

tube  may  be  measured  directly.    We  must  suppose  that  the  head 

ftof  pressure — that  is,  the  height  of  the  water  in  H — is  kept  constant 

Bby  eome  means.    The  resistance  or  tension  due  to  the  friction  in  the 

^tube  may  be  measured  at  any  [xmit  by  inserting  a  side-tul>e  or 

gauge  (piezometer)  at  that  [xjint.    The  liquid  will  rise  in  this  tul>e 

to  a  level  corresponding  to  the  pressure  or  resistance  offered  to  the 

movement  of  the  liquid  at  that  point — that  is.  the  weight  of  the 

column  of  liquid  will  measure  the  pressure  at  that  point  upon  a 

•urface  corresponding  to  the  cross-area  of  the  tul>e.    The  pressure 

or  tension  at  any  point  may  be  sfwken  of  as  the  side  prissure  or 

lateral  -preBsure,  anfl  it  expresses  the  amount  of  resistance  offered 

[In  the  flow  of  the  liquid  beciiuse  of  the  friction  exerte<l  upon  the 

water  by  the  walls  of  the  tube  between  that  point  and  the  exit. 

tia  side  pressure  increases  in  a  straight  line  from  the  point  of  exit 
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to  the  rpsen'nir,  artd  this  in  geneml  in  the  picture  presented  by 
the  circulation.  The  reservoir,  the  head  of  pressure,  is  represented 
by  the  aorta,  the  axit  for  the  outfiow  by  the  opening  of  the  vwtr 
cavfp  into  the  riglit  auricle,  and  the  side  pressure  or  internal  tension 
of  the  bloiKl  due  to  friction  against  the  walls  of  the  vessels  increwea 
from  the  vena'  cava*  back  to  the  aorta.  If  from  aorta  to  vena  wva 
the  vessels  were  of  the  same  diameter  the  increase  would  be  in  a 
straight  line,  as  in  the  case  of  the  model.  In  this  model  it  will  be 
notice*!  that  the  straight  line  showing  the  side  pressure  does  not 
strike  the  toj)  of  the  column  of  liquid  in  the  re8er\'oir,  but  coire- 
8ix)nds  to  a  certain  height,  h\  This  expresses  the  fact  that,  of  the 
total  head  of  pressure  in  the  reservoir,  wluch  we  may  designate  as 
H,  a  certain  jwrtion  only,  but  a  large  portion,  A',  is  used  in  over- 
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¥]«.  196.— ^chpmit  to  nhistmt«  the  sitir  prvwnirB  <hwiorv«datonoc>,&nd  tba  velocity  piw 
(TigerMledn :   //.  A  reservoir  containing  water;    1.  2.  3.  4.  &.  the  outflow    tub«  wilb 


gmocMaBtat  niclit  anEleit  to  mea-ttire  the  (drle  pnumuro;  h',  the  portion  of  the  totel  , 

uaM  in  overcominK  t.no  ref>Utonoe  to  the  flow;    h,  the  portion  of  tb«  total  praMUiv  luadte 
moving  the  culuma  of  UquiJ — the  vetocity  preiaure.  ^^h 

coming  the  resistance  along  the  tube.    Wliat  is  left — that  is,  //-VJ^ 
represents  the  force  that  is  employed  in  driving  the  liquid  through 
the  tube  with  a  certain  velocity ;    this  jw»rtion  of  the  pressun^  we  may 
speak  of  as  the  velodhj  pressure,  h.     If  in  measuring  the  sitle  pressure 
at  any  point  the  gauge  were  prolonged  into  the  tube  and  licnt  so  ss 
to  face  the  stream,  this  velocity  pressure  would  add  itself  to  the 
side  pressure  at  that  ixiint  and  the  water  would  rise  to  a  higher 
level  in  this  particular  tube.     There  are  two  important  differences 
between  the  circulatitin  as  it  exists  in  the  Iwdy  and  that  repre^_ 
sented  by  the  mo<le].     In  the  body,  in  the  first  place,  we  hav^H 
the  area  of  capillaries,  small  arteries,  and  veins,  intercalate!  lie- 
tween  the  large  arteries  on  one  side  and   the  veins  on  the  othex; 
and,  in  the  second  place,  the  vessels.  esi>ecially  the-  arteries,  are 
extensible  and  elastic.     The  effect  caused  by   the  first  of  Xhi 
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factora — namely,  a  great  resistance  placed  in  the  middle  of  tha 
^bpourae — may  be  illustrated  by  the  model  shown  in  Fig.  197,  which 
Vdiffera  from  that  in  Kig.  196  in  having  a  stopcock  in  the  outflow 
XwXyQ,  which,  when  partly  turned  off,  makes  a  narrow  opening  and  a 
lelativcly  great  resistance.  When  the  stopcock  is  ojxjn  the  prcssuro 
Is  equally  throughout  the  tube,  provided  the  lx>re  of  the  stoijcock 
equal  to  that  of  the  tube.  If,  however,  it  is  fmrtially  turned  the 
de  pressure  is  much  increased  between  it  and  the  reservoir  on  what 
we  naay  terra  the  arterial  side  of  the  schema,  and  it  is  correspond- 
ingly diniinished  l>etween  the  stopcock  and  the  exit,  on  the  venous 
side  of  the  schema.  Substantially  this  eomlition  prevails  in  the  body. 
The  capillary*  region,  including  the  smallest  arterioles  and  veins, 
offers  a  great  resistance  to  the  flow  of  bIoo<J,  and  this  resistance  is 
spoken  of  in  physiology  as  the  peripheral  resistance.     Its  effect  is  to 
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T\ti.  197. — 8ch«mifc  tike  the  piroBdinir  exoepl  that  b  ntopcock  \a  InBer1«d  «t  the  mlddla 
of  Um  oatflaw  Co  ImitAle  the  penpbenJ  resblanor  of  the  capillary  area.  1*he  mlations  of 
tb»  tntcraal  prwwure  on  Uhi  «ri«riw  anil  veniius  utleii  of  thLi  Biiecial  nouatance  u  Bhoira  hf 
tfat  haicikl  01  the  wat«r  in  the  ikbusml. 

raise  the  pressure  on  the  arterial  side  and  lower  it  on  the  venous  side. 
When  other  conditions  in  the  circulation  remain  consUint  it  is  found 
that  an  incre.ase  in  peripheral  resistance,  caused  usually  by  a  con- 
striction of  the  arterioles,  is  followed  by  a  rise  of  arterial  pressures 
and  a  fall  of  venous  i)re8fluro.s.  <  )n  the  oontrar>%  a  dilat-ation  of  the 
arterioles  in  any  organ  is  followed  by  a  fall  of  pressure  in  its  artery  or 
ries  and  a  rise  of  pressure  in  \i»  veins.  The  effect  of  the  clastic- 
y  of  the  arteries  is  of  importance  in  connection  with  the  fact  that 
in  reality  the  circulation  is  charged  with  blood  not  from  a  constant 
raaervoir  as  in  the  models,  Kigs.  196  and  107,  but  by  the  rhythmical 
beats  of  the  heart.  If  the  vascular  system  were  perfectly  rigid  each 
rhythmical  cliarge  into  the  aorta  would  be  followed  by  an  etjual  dis- 
charge fn)m  the  vena*  cava%  the  pressure  throughout  the  system 
would  rise  to  a  high  point  during  systole  and  fall  to  zero  during  the 
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diastole.  The  elasticity  of  the  arteries,  in  connection  with  the 
peripheral  resistance,  makes  au  itn{N)rtant  difFerence.  As  the  beam 
discharges  into  the  aorta  the  presaure  risefi,  hut  the  walls  of  tW 
arterial  Bysteni  are  tiistended  by  tlie  increased  pressure,  and  durinij 
the  following  ihiustole  the  recoil  of  these  dist-endcd  walls  maintains 
a  flow  of  blood  thrfnigh  the  capillaries  into  the  veins.  With  n 
certiun  rai)idity  of  heart  lieat  the  distension  of  the  arterial  walls  i5 
increased  to  such  a  jxiint  that  the  outflow  through  the  capillariM 
into  the  veins  is  as  great  during  <liastole  as  during  systole;  the 
rhythntical  flow  in  the  art-cries  becomes  converted  by  the  elastic 
tension  of  the  overfilled  arterial  system  into  a  continuous  flow  in 
the  capillaries  and  veins.  This  effect  may  l^e  illustrate  by  a  simple 
schema  such  as  is  represented  in  Kig.  198.  A  syringe  bulb  {n),  t^^ 
resenting  the  heart,  is  connected  by  a  short  piece  of  rul.>ber  tubing  loa 
glass  tube  (6),  and  also  by  a  piece  of  distensible  band  tubing  (c)  with 


FijE.  IV^. — Simple  schemA  1o  illustrate  the  fadorn  riroducinir  n  cuimtant  head  iJ  ptm- 
sure  in  tbe  nrterial  eyat«tn:  a,  A  ttyrinite  hulb  with  valves,  repreewutinR  the  henrt;  b,  Sam 
tube  with  fine  |>uint  mpnMentiiig  a  path  with  resistanoe  alone,  but  n<i  e\.tenAibilit>'  (tite  onl- 
Bow  ia  ill  flpurts  syochroDouii  with  toe  eirakas  of  Lbe  pump) :  c.  outflow  with  nmi»iM»em  anA 
also  extensible  and  elastie  waJU  represented  by  the  loncc  rubber  ba«,  <  :  the  uutHuw  ■  t- 
■teady  stream  due  to  tbe  elajstio  recoil  of  the  disteadau  bag.  c. 


a  similar  glass  tube  drawn  to  a  fine  point  {c).  In  the  latter  case  th 
distensible,  elastic  tubing  represents  the  arterial  system,  and  tl 
fine  pointed  glass  tube  the  peripheral  resistance  of  the  capillary  area.! 
If  tlie  syringe  bulb  is  put  into  rhythmical  play  and  the  flow  is  direct 
through  tube  b  the  discharges  are  in  rhythmica!  spurts,  but 
directed  through  tube  c  the  discharge  is  a  continuous  stream, 
since  the  force  of  the  separate  beats  l>ecomes  stored  a«  elastic  tension 
in  the  walls  of  the  banrl  tubing,  and  it  is  this  constant  force  which 
drives  a  steady  stream  through  the  capillar}'  point.  In  a  general 
way,  this  schema  gives  us  a  true  picture  of  the  conditions  in  the  cir- 
ctilation.  The  rhythmical  force  of  the  heart  l>eat  is  stored  as  elastic^ 
tension  in  the  walls  of  the  arteries,  and  it  is  the  squeeze  of  theaafl 
distended  walls  which  gives  the  continuous  dri\ing  force  that  is 
responsible  for  the  constant  flow  in  the  capillaries  and  veins. 

Enumeration  of  the  Factors  Concerned  in  Producing  Nor- 
mal Pressure  and  Velocity. — In  the  normal  circulation  we  may 
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ky  that  four  chief  factors  co-operate  in  producing  the  conditions 
of  preeeure  and  velocity  as  we  find  them.  These  factors  are:  (1) 
The  heart  l>eat.  (2)  Tlie  resistance  to  the  flow  of  Ijlood  tlirough  the 
vessels,  and  especially  the  peripheral  rcsUiance  in  the  region  of  the 
amaU  arteries,  capillaries,  and  small  veins.  (3)  The  elasticity  of 
the  arteries.  (4)  The  quantity  of  blood  in  the  system.  The 
way  in  wliich  these  factors  act  may  be  picturecl  as  follows;  Suppose 
the  8>'stem  at  rest  with  the  definite  (quantity  of  blood  distributeii 
equftUy  throughout  the  vascular  system.  The  intenml  or  side 
preasure  throughout  the  sj'steni  will  be  ever^'where  the  same, — 
probably  zero  (atmos|)heric)  pressure,  since  the  cajmcity  of  the 
vascular  sj'stem  is  siifficient  to  hold  the  entire  quantity  of  blood 
without  fUstension  of  it«  walls.  If,  now,  the  heart  l>egin3  t«  l>€at 
with  a  dehnite  rhythm  and  discharges  a  definite  cjuantity  of  bloo^l  at 
each  beat  the  whole  mass  will  Ijc  set  into  motion.  The  arteries 
receive  the  blood  more  rapiilly  tlian  it  can  escape  through  the  capil- 
laries into  the  veins,  and  consequently  it  accumulates  ii]x)n  the 
arterial  side  until  an  equi[ii)rium  is  reached. ^tbat  is,  a  point  at 
which  the  elastic  recoil  of  the  whole  arterial  tree  suffices  to  force 
through  the  capillaries  in  a  unit  of  time  as  mucli  bloud  as  is  received 
from  the  heart  during  the  same  time.  In  this  condition  of  equilil)- 
ri\mi  the  flow  in  capillaries  and  veins  is  constant,  and  the  siiie 
preesure  in  the  veins  increases  from  the  right  auricle  back  to  the 
capillaries.  In  the  arteries  there  is  a  large  side  pressure  tliroughout, 
owing  U}  the  resistan<;e  Iwtween  them  and  the  veins  and  especially 
to  the  great  resistance  offered  by  the  narn>w  capillaries.  Tliis 
pressure  rises  and  falls  with  each  discliarge  from  the  heart,  and  the 
pulse  waves,  both  as  regards  pressure  and  velocity,  are  most  marked 
in  the  aorta  and  dimunsh  farther  out  in  the  aHcnal  trtn;,  failing 
completely  in  the  last  small  arterioles,  since  if  taken  together  these 
arterioles  (ronstitut«  a  largo  and  distensible  tube  of  nmch  greater 
capacity  than  the  aorta. 

General  Conditions  Influencing  Blood-pressure  and  Blood* 
velocity. — Alterations  in  any  of  the  four  chief  factors  mentioned 
alxjve  must,  of  couree,  cause  a  change  in  pnrasurc  and  velocity. 
b  L  An  increase  in  the  rat,e  or  force  of  the  hejirt  l>eat  will  increase 
Rhe  vehM'ity  of  the  flow  thn)ughr>ut  the  system,  although,  of  course, 
that  general  difference  in  velocity  in  the  arteries,  capillaries,  and 
veins  which  de[)ends  uixjn  the  variations  in  width  of  IkmI  will  remain. 
Such  a  change  will  also  cause  a  rise  of  pressures  thn>ughout  tiie 
system.  The  whole  ejiergy  exhibiteti  in  the  vascular  system  as 
aide  pressure,  velocity  pressure,  etc.,  comes,  in  the  long  nm,  from 
the  force  of  contraction  of  the  heart  nuiscle.  Thi.s  fon-e  is  what  is 
repre8ente<l  in  the  model,  Kig.  106,  aa  the  total  head  4jf  pressure  (//). 
An  increase  in  rate  or  force  of  heart  beat  is  equivalent,  therefore. 
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to  an  increase  in  this  head  of  pressure,  and  along  with  the  incPpAsp 
ill  velocity  thus  caused  there  is  an  increased  friction  or  resistance. 

II.  An  incre^ae  or  decrease  in  the  width  of  the  vessels  will 
influence  hoth  tho  resLstjinee  t«  the  flow  and  tlie  velocity.  I'ndef 
normal  eonditioits  it  is  the  small  arteries  that  are  constricted  or 
dilated  (vasoconstriction  and  va8odilatation).  A  constriction  of 
these  arteries  causes  an  iIlc^eas^^  in  arterial  pressures  anfl  a  decrease 
in  venous  pressure.  The  velocity  of  the  blood-flow  is  decreaspd. 
A  dilatation  has  the  opposite  effects.  Numerous  instances  of  this 
relation  will  he  referred  to  in  describing  the  physiolog>'  of  the  vaso- 
mot<jr  nerves. 

III.  A  diminution  in  elasticity  of  the  arteries  wll  tend  to 
interfere  with  the  c(jnatancy  of  the  flow  from  the  arteries  hxii)  the 
capillaries,  and  in  the  arteries  themselves  the  s^^•ing8  of  presfflue 
from  systolic  to  diii^tf}lir  during  the  heart  beat  wiW  be  more 
extensive.  This  latter  fact  can  be  sho^-n  upon  elderly  indi\'idiiflb 
whose  arteries  are  ber.Miiiiing  rigid,  but  whether  a  change  of  tiua 
character  is  ever  so  advtincefl  in  human  beings  as  U)  seriously  modify 
the  capillar*'  circulation  does  not  appear  to  have  been  investigated. 

IV.  A  lo.ss  of  blood,   other  conditions  remaining   the  same, 
will  also  cause  a  fall  in  bloorJ-j>ressures  and  velocity.     As  a  matter 
of  fact,  however,  a  considerable  amount  of  blot>d  may  be  lost  with- 
out  any  marked  permanent  change  in  arterial  l)IfKKi-preaaure.     Tlie  fl 
reason  for  this  result  is  foimd  in  the  adjustaliility  or  adaptability 

of  the  vascular  system.  It  is  in  sucli  respects  that  the  system  dififore 
greatly  from  a  rigid  schema  such  as  we  use  for  our  models.  Wlien 
blood  is  withdrawn  from  the  vessels  the  loss  may  be  offset  by  an.  ' 
increased  action  of  the  heart  and  by  a  contraction  of  the  arteriolesRfl 
the  two  effects  combining  to  give  a  nonnal  or  appn)ximat<»Iy  normal 
arterial  pressure.  'I^o  rarr\'  out  the  analogy*  with  the  model  (Fig, 
196)  if  by  chance  some  of  the  store  of  water  was  lost  we  might  sub- 
stitute a  narrower  reservoir,  so  that  with  a  diminished  supply  we 
could  still  maintain  the  same  level  of  pressiire.  In  the  body, 
moreover,  a  lo.sd  of  blood  by  hem4)rrhage  may  Ik?  com|>ensat€Hl 
part,  so  far  Jis  the  bulk  <if  the  liquid  is  concerned,  by  a  How 
liquid  from  the  tissues  into  the  blctod-vessels. 

The  Hydrostatic  Effect. — In  the  living  animal,  especially  m 
those,  like  ourselves,  that  walk  upright,  the  actual  pressure  in  the 
arteries  of  the  various  tissues  must  vary  much  also  with  the  i>osition. 
For  instance,  in  standing  erect  the  small  arteries  in  the  hands  or 
feet  are,  in  ad<lition  to  other  conditions  not«<l  above,  exposed  to  the 
weight  of  the  cohmin  of  arterial  blood  standing  over  them.  lik\ 
the  pendent  arm  the  skin  of  the  fingers  is  congested;  if,  however^ 
the  arm  is  raiscfi  above  the  head  the  skin  may  l)ecome  blanched? 
because  now  the  column  of  blooit  from  fingers  to  shotdder  exerci 
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a  hydrostatio  pressure  in  iKe  opposite  liii-ection.  In  tIetenitinrUions 
of  bloocl-pressure  in  the  bnichiiii  .irter\'  of  man  care  shoiiki  be  taken 
to  keep  the  arm  in  the  same  position  in  a  series  of  observations  in 
order  to  equalize  the  effect  of  the  hydrostatic  factor.  The  impor- 
tance of  this  gravity  effect  is  most  evident  in  the  case  of  the  al»- 
dorainal  (splanchnic)  circulation.  When  an  animal  accustomed 
to  go  on  all  fours  is  held  in  a  vertical  position  the  great  vascular 
area  of  the  abdomen  is  j>laced  under  an  increased  pressure  ciue  to 
gravity,  and.  unless  there  is  a  comj:)ensatr*rv  contraction  of  the 
arterioles  or  of  the  abdominal  wall,  so  much  blood  niay  accumulate 
in  this  portion  of  the  system  that  the  arterial  pressure  in  the  aorta 
will  fall  markedly  or  the  circulation  may  stop  entirely.*  In  most 
cases  the  comijensation  takes  place  and  no  serious  change  in  the 
circulation  results.  In  rabbits,  however,  which  have  lax  alnlominai 
walls,  it  is  said  that  the  animal  may  be  killed  by  simply  holding  it 
in  the  erect  position  for  some  time.  I'or  the  same  reason  an  erect 
pasture  in  man  may  be  dangerous  when  the  comf>ensator>'  nervous 
reflexes  contn)IIing  the  arteries  and  the  tone  of  the  ab<ioniinal  wall 
are  thrown  out  of  action,  its,  for  instance,  in  a  faint  or  in  a  condition 
of  anesthesia.  In  such  conditions  the  recumtient  position  favors 
the  maintenance  of  the  normal  circulation.  Indeed,  under  ordinary 
conditions  some  individuals  are  quite  sensitive  to  the  effects  of  a 
vertical  |x)sition,  esi>eciall>'  if  unaccompanied  by  muscular  or  mental 
activity,  and  may  suffer  from  giddiness  and  a  sense  of  faintness 
in  conse(iuence  of  a  fall  in  general  l>loo<l-pressure.  It  seems  prob- 
able that  in  these  cases  the  gravity  effect  has  drafted  off  an  undue 
amount  of  blood  into  the  splanchnic  area.  Individuals  who  have 
been  kept  in  bed  for  long  periods  liy  sickness,  accident,  or  other 
causes  suffer  from  giddiness  and  unsteadiness  when  they  first 
attempt  to  stand  or  walk.  It  seems  (|uite  jxissilile  that  in  such 
cases  also  the  effect  is  due  to  a  fall  in  arterial  pressure  brought  about 
by  the  dilatation  in  the  splanchnic  area.  The  added  weight  of 
blood  thrown  on  these  vessels  is  not  compensated  by  a  vasocon- 
striction of  the  arterioles  or  an  increasetl  tone  in  the  abdominal 
walls. 

Venous  Pressures. — While  certain  general  deductions  of  the 
kind  given  above  may  be  ma^le  from  our  knowledge  of  the  hydro- 
dynamics and  hydrostati<'s  of  the  circulation,  it  is  evi<lcnt  that  in 
particular  cases,  whether  affecting  special  organs  or  the  organism 
as  a  whole,  it  is  necessan.'  to  obtain  directly,  if  possilile,  the  facts, 
not  only  for  the  arterial  pressure  and  velocity  but  also  for  the 
venous  pressure  and  velocity,  in  order  to  draw  safe  conclusions 
as  to  the  changes  In  the  circulation.  The  data  and  methods  avail- 
able in  physiology''  and  clinical  medicine  at  present  are  more  com- 
*  Uili  and  Barnard.  "Journal  of  Physiolojry."  21,  321,  1897. 


m 


480 


CIRCULATION  OF  liU3<>D  AND  LVMPH. 


plelp  in  regard  to  the  arterial  side  of  the  circulation  tlian  for 
venous  sitle,  and  it  is  iniportiiut  that  the  latter  should  l»e  mure 
thoroughly  stiuiietl.  In  anlnuds  the  venous  pressures  m/iy  I* 
<ieternrme<l  ilireetly  by  connecling  the  vein  with  a  niunomel^r. 
In  man  the  same  facts  tnay  \je  obtained  for  the  suf)erficial  veiib' 
by  deteniiinini;  the  pi-essure  necessary  to  obliterate  the  vem 
A  simpler  iilthouph  less  exact  method  (Gaertner).  applicable  to  ifie 
veins  of  the  arm  ami  hand,  is  to  note  the  level,  as  regards  the  heart. 
at  which  the  vein  collapses  and  disappears  from  \new  when  the 
arm  Ls  elevated.  By  means  of  a  special  instrument  Sewall  t  ha? 
jshown  that  in  mu.srular  exercise  the  pressure  in  the  veins  is  in- 
creased. Kxlernat  cold  lowei-s  venous  pressure,  while  heal  iiicrejiaeii 
it,  and  during  digestion  venous  pre^ure  in  some  caseft  ')£  lowered 
and  in  others  raised,  depending  on  the  natiire  of  the  adjastraent  of 
the  heart   to  the  changes  in  the  splanchnic  system. 

Accessory  Factors  Aiding  the  Circulation. — The  force  of  the 
heart  beat  is  the  main  factor  cfincenied  in  tlie  movement  of  the 
blood,  but  certain  other  muscular  movements  aid  more  or  le«  in 
maintaining  the  circulation  as  it  actually  exists  in  the  living  amuifll. 
'J1i€  most  imfx^rtant  of  the.se  accessory  factors  are  the  respiratory 
movements  and  the  contnictions  of  the  muscles  of  the  liml>6  and 
viscera.     At  each  ins|)iratory  movement  the  pressure  relations  are 
altere<l  in  the  thorax  and  abdomen,  and  reverse  changes  occur  during 
expiration.     These  effects  influence  the  flow  (»f  bloo<i  to  the  Fwiart, 
and  alter  the  velocity  an^l  )>ressure  i>f  the  blfK>d  in  a  way  that  is 
described   in   the  section   on   Respiration  imiler  the   title  of  Tl 
Respiratory  Waves  of  Blood-pressure.     Contractions  of  the  skele 
muscles  must  also  influence  the  blootl-flow.    The  thickening  of  tl 
fibers  in  contraction  sijueezes  up<in  the  capillaries  and  small  v 
and  tL'Tid.^  Xu  empty  them.     (_)n  arcount  of  the  valves  In  the 
the  blood  is  forced  mainly  toward  the  venous  side  of  the  heart: 
so  that  rhythmical  contractions  of  the  muscles  may  accelerate  I 
circulation.    The  contiactions  of  the  smooth  nmscles.  especiall; 
in  the  stomach  and  intestines  during  digestion,  have  a  similar  effec 
The  nuLsculature  of  the  .spleen  al.so  is  sup[>osed  to  aid  the  circulatio: 
througli  that  organ  by  its  rhythmical  contractions. 

The  Conditions  of  Pressure  and  Velocity  in  the  Pulmon 
Circulation. — The  genend  plan  of  the  smaller  circulation  from 
right  ventricle  to  left  auricle  is  the  same  as  in  the  major  or  systen: 
circulation,    and    the   same   genend    principles    hold.     The   rig 
ventricle  pumps  its  blood  into  the  pulmonary  artery,  and,  on 
■count  of  the  peripheral  resistance  in  the  lung  capillaries,  the  si 
pressure  in  the  artery  is  higher  than  in  the  capillaries,  and  liigher 
th&se  than  in  the  pulmonan*  veins.    The  velocity  of  movement 
♦  Sewall,  "Journai  of  the  American  Mcflical  Aswociation, "  1906,  xlvii..  1279 
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,  on  the  other  hand,  in  the  exteiLsivc  cajnllan'  area  and  greatest 
c  puhnonary  arten*  and  veins,  on  aconimt  nf  the  variations  in 
width  of  the  lx?d.  So  also  in  the  pulmonary  arten'  the  pre-ssiire  and 
%'elority  must  fluctuate  between  a  sytJtolie  and  dia.st(>lie  Icvd  tit  each 
heart  beat,  while  in  the  pulnionarv  veins  tliey  an^  luon*  nr  less  uni- 
fonn.  An  interesting  (iifferenre  l>etwocn  the  two  eireidations 
consists  in  the  fact  that  the  peripheral  reaistanee  is  evidently  much 
leaB  in  the  pulmonary  circuit,  and  consequently  the  pre&sure  in  the 
pidmonar>*  arteries  is  much  less  than  in  the  aortic  system.  The 
velocity  of  the  flow,  as  already  stnterl  (p.  454),  is  also  greater  in 
the  lung  capillaries  thiin  in  the  systt'nuc  capillaries/  Kxact  deter- 
minations of  the  pn-ssure  in  the  pulmonary  arter>"  are  made  with 
difficulty  on  account  of  the  position  of  the  vessel.*  The  results 
obtained  by  various  observers  give  such  values  as  the  following: 

Mean  Pheuuiiie.         Extreme  VABiA-nofra. 
MuA.  Ha.  Mmb.   Uo. 

Doe 20  10      to  33 

Cbt 18  7.5  "   24.7 

Rabbit 12  6      "35 

II  will  be  seen,  therefore,  that  the  mean  pressure  is  not  more 
than  one-seventh  to  one-eiphth  of  that  prevailing  in  the  aorta. 
The  thinner  walls  and  smaller  muscular  ]M)wor  of  the  right  ventricle 
Bs  comparpfi  with  the  left  are  an  indication  of  the  fact  that  less  force 
ia  Debeeeary  to  keep  up  the  circulation  through  the  pulmonary 
circuit. 

The  Variations  in  Pressure  in  the  Pulmonary  Circuit. — 
Experimental  re:?ult,s  in<licate  that  the  pre^s-sures  in  the  pulnionniy 
circuit  ilo  not  uuderj^o  aj?  marked  ihanues  a.s  in  the  systemic  circu- 
lation; the  flow  is  charact€ri2e<I  by  a  greater  steadiness.  With  a 
»>'st*»mic  pressure,  as  taken  in  the  carotid.  van»'ing  from  144  to  222 
mm^.,  that  in  the  pulmonar>'  arten*  changes  con-esjiondingh*  only 
from  'Ji\  to  26  nmis..  and  extreme  variations  of  pressure  in  the 
ptdnn»nar>^  arter\'  probably  do  not  excee<i.  as  a  nde.  15  to  20  mms. 
The  re^hition*  of  the  pressure  and  flow  of  blood  in  the  >mall 

ulation  do  not  seem  to  l>e  so  direct  or  complex  as  in  the  aortic 

m.     The  part  taken  by  the  vasomotor  nerves  is  referi-etl  to 

m    the   chapter   upon    the    innervation    of   the  bIwKl-vessels.  an<i 

attention  may  be  called  here  only  to  the  mwhanical  factors,  which. 

indeed,  for  this  circulation  are  probably  the  most  important.    The 

output  from  the  rijrht  ventricle,  and  therefore  the  amount  of  flow 

and  the  pressure  m  the  pulmonary  artery.  de(>ends  mainly  on  tlie 

amount  of  bloo<l  receive<i  thro\igh  the  vena*  cava*  liy  the  right  auricle. 

•  Kur  n  ilificiiHsion  nf  ihc  Hpceial  pliysitilogy  of  the  pulniDnnry  circuiatinn 
and  for  reference*  to  literature  see  Tigcr»tedt,  "  Krgebniinw  der  rhysiologir." 
vol.  «..  part  u..  p.  328.  1903. 
It 
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If  one  of  the  venae  cavae  is  closed  the  pulmonary  pressure  sinks; 
pressure  upon  the  abdomen,  on  the  other  hand,  by  squeezing  more 
blood  toward  the  right  heart  may  raise  the  pressure  in  the  pulmomu}' 
artery.  By  such  means,  therefore,  the  variations  in  blood-flow  in 
the  systemic  circulation  indirectly  influence  and  control  the  pressure 
relations  in  the  pulmonarj*^  circuit.  But  the  changes  in  the  s\'stemic 
circulation  may  affect  the  blood-flow  through  the  lungs  in  still 
another  way, — namely,  by  a  back  effect  through  the  left  auricle. 
When  for  any  reason  the  blood-pressure  in  the  aorta  is  driven 
much  above  the  normal  level  the  left  ventricle  may  not  be  abte  to 
empty  itself  sufficiently,  and  if  this  happens  the  pressure  in  the 
left  auricle  will  ruse  and  the  flow  through  the  lungs  from  right 
ventricle  to  left  auricle  will  be  more  or  less  impeded.  On  the  whole, 
it  would  seem  that  the  pulmonary  circulation  is  subject  to  less 
changes  than  in  the  case  of  the  organs  supplied  by  the  aorta.  The 
mechanical  conditions,  especially  in  the  capillary  region,  are  such 
that  the  blood  is  sent  through  the  lungs  with  a  relatively  high 
velocity,  although  under  small  actual  pressure.  The  sp)ecial  effects 
of  the  respiratory  movements  and  of  variations  in  intrathoracic 
pressure  upon  the  pulmonary  circulation  are  referred  to  in  con- 
nection with  respiration. 
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General  Statement. — When  the  veritrifular  systole  tliscliarges 
a  new  quantity  of  blood  inU»  the  arteries  the  pressure  within  these 
vessels  is  increa>»etl  temix:"rarily.  If  the  arteries,  capilliiries,  aiid 
veins  were  |)erfpctly  ripid  tu(>es  it  is  evi4lenl  that  this  pressure  would 
be  transniitteil  practically  instant-aneously  thn)ughout  the  system, 
and  that  a  quantity  of  blood  would  We  displace<l  from  the  vensB 
cava*  into  the  auricles  equal  to  the  quantity  forcetl  into  the  aorta  by 
the  ventricle.  The  flow  of  blood  throughout  the  vascular  system 
would  take  place  in  a  series  of  sinirts  or  puLses,  the  pressure  rising 
suddenly  during  systole  and  falling  rapi<L]y  during  diastole.  Since 
the  blood  is  incompressible  and  the  walls  of  the  vessels  if  rigid 
iTOuhi  be  inextensible,  the  rise  of  pressure,  the  pulse,  would  be 
siiimltaneous  in  all  jiarts  of  the  eyst<»m.  The  fact,  however,  that 
the  waiU  of  the  vessels  arc  extensible  and  elastic  modifies  the  trans- 
nxiHsion  of  the  pulse  wave  in  several  inijxirtant  particulars:  It 
explains  why  it  is  that  the  pulse  dies  out  in  or  at  the  beginning  of 
the  capillaries  and  why  it  occurs  at  different  times  in  different 
arteries — that  is,  why  the  wave  of  pressure  takes  a  perceptible 
time  to  travel  over  the  arteries.  The  result  that  follows  from  the 
elasticity  of  the  arteries  may  Ix*  pictured  as  follows:  Under  the 
normal  conditions  of  the  cin-ulation  when  the  heart  contracts  and 
forces  a  new  quantity  of  l>lood  into  the  aorta  room  must  be  made 
for  this  blood  either  by  moving  the  whole  mass  of  the  blood  forward 
— that  is,  by  discharging  an  ecjual  amount  at  the  other  end  into  the 
auricle — or  by  the  enlargement  of  the  arteries.  This  latter  alter- 
native is  what  really  happens,  as  it  takes  less  pressure  to  distend 
the  aorta  tlian  to  move  forwanl  the  entire  mass  of  blood  imder  the 
cf»ndition.s  tlmt  exist  in  the  ImxIv,  So  soon,  therefore,  as  the  semi- 
lunar valves  open  and  the  new  column  of  blood  l>egins  to  enter  the 
a<^rta,  the  walls  of  that  vessel  begin  to  ex|>and  ami  during  the  time 
that  the  blood  is  flowing  out  of  the  heart — that  Ls,  in  round  numbers, 
About  0.3  sec. — the  extension  of  the  walls  passes  from  fKsJnt  to  |x>int 
Along  the  arterial  system.  At  the  entl  of  the  outflow  from  the  heart 
at]  the  arteries  are  l)eginning  to  enlarge,  the  maximum  extension 
being  in  the  aorta,  and  room  is  thus  made  for  the  new  quantity  of 
blood.     The  new  blood  that  is  actuallv  disc  barged,  from  the  heart 
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lies  somewhere  in  the  aortai  hut  the  pressure  that  has  l>een  trans- 
mitted along  the  system  and  has  caused  it  to  expand  has  nuuie 
room  for  the  blootl  forced  out  of  tlie  aort-a  by  the  new  Wood. 
With  the  cessation  of  the  heart,  beat  and  the  closure  of  the  semilunar 
valves,  the  sharji  recoil  of  the  distended  aorta  flrives  fonvanJ  the 
coluinii  of  !tloo<l.  and  as  the  aorta  sinks  back  to  its  normal  diastolic 
diameter  the  mf>re  dist^iil  portions  of  the  arterial  system  are  at  fiM 
distended  to  a  certain  point  and  then  return  to  their  diastolic  sixe 
as  the  excess  of  l>lood  streams  through  the  capillaries  into  the  veins. 
At  the  time  tliat  the  aorta  hiis  reached  its  diastolic  size  the  ttidls 
of  the  most  distant  arterioles  have  passed  their  maximum  extension 
and  are  beginning  to  co!la|>se.     The  distension  caused  by  the  pulse, 
therefore,  spreads  through  tlxe  arterial  system  in  the  form  of  a  wave. 
At  any  given  point  the  distension  of  the  walls  increases  to  a  maxi- 
mum and  the!i  declines,  and  when  this  change  in  size  is  recortiwl 
in  the  large-  arteries,  by  methods  described  l)elow,  it  is  found  tliat 
the  ex[mnsion  of  the  artery  is  much  more  sudden  than  the  subef- 
quent  collapse.     This  difference  is  imderstood  when  we  remember 
that  the  heart  thniws  it»s  load  of  blood  into  the  arteries  with  svul- 
denness  ami  force,  causing  a  shaqj  rise  of  pressure,  wliile  the  coUapee 
of  the  arteries  is  due  to  their  own  elasticity.    The  disappcanuice 
of  the  pulse  before  reaching  the  capillary  area  is  readily  oompnv 
hende<l  when  one  rememi>ers  that  the  arterial  tree  constantly  \nr 
creases  in  size  as  one  passes  out  fmm  the  aortic  trunk.     Many  facta, 
such  as  those  of  pressure  and  velocity  already  de6cribe<l.  iudit^a' 
tlmt  the  increase  iu  capacity  of  the  arterial  system  is  somewha 
gradual  until  the  region  of  the  smallest  arterioles  and  capilhiries 
reaclicil  and   that  at  this  jxiint  there  is  a  sudden  widening  out  ui 
increase  iii  capacity  of  the  whole  system,  although  tlie  indiviihi 
vessels  diminish  in  tiiameter.     It  is  in  this  legion  that  the  puhx 
under   ordinarj'   conditions,  becomes  imp(>rceptible.*     Wlien    t 
arterioles  in  any  organ  are  dilatefl  the  pulse  may  spread    throu 
the  capillary  regions  and  be  visilile  in  the  veins. 

Velocity  of  the  Pulse  Wave. — From  the  al)ove  considerutions 
it  is  evident  that  in  a  system  such  as  is  presented  by  our  blood- 
vessels the  velmnty  of  the  pulse  wave  must  vary  with  the  rigidit 
of  the  tubes.  If  |>erfectly  rigid  the  ])rossure  wouliJ  be  transmitted 
practically  instantaneously;  if  the  walls  were  very  extensible  th 
prepagation  woidd  be  relatively  slow.  For  our  blood-vessels  aa 
they  exist  at  any  given  moment  the  velocity  of  the  pulse  wave  may 
be  estimated  l>y  a  simple  method:  Two  arteries  may  \ie  selected  at 
different  distances  from  the  heart  and  the  pulse  wave  as  it  paKses  by^ 

*  For  a  sflli'sfiiclory  cliMMission  of  the  pube  and  for  liteniturp  consult  \'on^' 
Frey,  "Die  UntfrsiicliimK  iIph  Pulsfs."     Herlin,  1892.     For  a  dL*cripiinn  o( 
the  varifttions  in  difteaw  consult  Mnckenzie,  **  The  Study  of  the  Pulse,  etc." 
New  York.  1902. 
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&  idven  point  in  c.ich  artery  mny  Ijc  reconJed  by  somo  convenient 
apparatus,  such  as  can  be  devised  ia  any  lab(jnitor> .  If  the  waves 
are  rwronietl  on  a  rapitUy  revolving  kynioj^ra])liifin  whose  rate  of 
movement  can  be  detennineti,  then  the  difference  in  time  in  the 
arrival  of  the  pulse  wave  at  the  two  jKiints  is  easily  ascertained. 
Tlml  there  in  a  {)ereeptible  difference  in  time  one  can  ejisily  demon- 
strate to  himself  by  feeling  simultaneoiialy  the  pulse  of  the  radial 
Qhnd  the  carotid  arteries.  If  tliis  difference  in  time  is  determined 
for  two  arteries — for  instance,  the  femoral  and  the  tiliialis  anticus — 
and  the  distance  l>etween  the  two  [M»ints  is  nn'onled,  we  have 
evidently  the  iie<.'essar>'  dat^i  for  obtaining  the  velocity  of  the  pulse 
wave  in  the  arteries  of  that  region.  A  record  of  this  kind  is  shown 
ia  Fig.  199. 


FSc  lOB. — ^To  tnurtrsle  Uw  method  of  determininc  the  velndty  of  th«  pulse  wave 
Id  man.  8bowK  ivoord  ofihe  pulne  At  two  points  on  the  lee  at  ■  known  iliAtanoeiipiLrt. 
Thu  cliff«t«noe  to  time  ie  0vea  by  lh«  vertic&U  dropped  from  the  beKinniiiR  <>t  thtMe  wnvea 
to  the  tune  curve.  Thi«  ltt«t  in  made  by  the  ribrAttono  «*(  ■  tuninK  fork  givinf  &0  vibr^ 
ttaoe  per  eeooad.     Tbe  difTerenoe  in  Ihie  e*M>  ira«  equal  to  007  mc. 


■  Theresults  obtained  by  various  authors  indicate  that  the  vel<x;ity 
^uies  somewhere  l^etween  6  an<l  9  meters  per  second  for  adults. 
The  figures  published  by  recent  observ'ers  show  also  that  the  velocity 
is  somewhat  greater  in  the  upper  extremities  (7.5  m.  for  carotid- 
ndial  estimation)  than  in  the  descending  aorta  (6.5  m.  for  carotid- 
femoral  estimation)  *  The  average  of  thirt>'  determinations  made 
in  the  author's  lalx»rator>'  upon  meflical  stutlents  shows  that  the 
velocity  in  the  leg  (femoral-anterior  tibial)  is  6.1  m,  when  the 
records  are  made  upon  the  same  leg.  and  7.4  m.  when  the  record 
the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 


•  Edgren.  "SkandinaviBchps  Archiv  f.  Physiol/'  I,  96,  liiS9. 
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from  the  other.  Tlie  latter  cornlition  woidd  seem  to  l^e  more  nor- 
mal, since  the  btootl-tlow  and  normal  tension  of  the  walls  are 
probably  less  disturbed.  An  increase  in  rigidity  of  the  arteries 
causes  the  velocity  to  rise;  in  elderly  people,  therefore,  the  velocity 
is  distinctly  greater.  In  arterial  sclerosis  with  hyjx?rtrophy  of  the 
heart  the  velocity  may  increase  to  as  much  as  11  or  13  m.  Any 
marked  dilatation  of  the  arteries — such  as  occurs,  for  instuDoe, 
in  aneur)'sins, — retanls  the  pulse  wave  markedly;  so  that  the 
existence  of  an  aneunsm  may  l)e  detected  in  some  cases  by  this 
fact.  If  we  know  the  velocity  of  the  wave  and  the  time  that  it  takes 
to  pass  any  given  point  the  length  of  the  wave  is  given  br  the 
formula  1=^  d.  In  an  adult  the  duration  of  the  wave  (0  at  the  radial 
may  l>e  taken  as  OS)  to  0.7  sec.;  so  that  if  the  velocity  of  the  wave 
wei-e  uniform  throughout  the  arteries  the  len^h  of  the  wave  wouM 
be  from  3.25  to  4.5  m,      We  can  conclude.,  therefore,  that  belon? 


fi<^ 
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Vig.  20U. — Tbe  Duds^on  sphysmogntpb  tn  pfMtion. 

the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reached  tl 
most  distant  arteries. 

The  Form  of  the  Pulse  Wave — Sphygmography. — The  puis 
wave  may  be  felt  upon  any  superficial  artery  in  coasoquence  of  th 
distension  of  the  vessel.    By  the  tactile  sense  alone  the  experieni 
physician  may  distinguish  some  of  the  characters  of  the  wave,  it 
frequency,  its  force,  etc.     The  detivils  of  the  fonn  of  the  wav< 
however,  were  made  evident  onl\'  when  the  variations  in  size  of  U 
artery  were  recorded  graphically  by  placing  a  lever  upon  it, 
instrument  suitable  for  this  pur}x>se  is  designated  as  a  sphyi 
ffraph,  and  very  numerous  formes  have  been  devised.     The  move-' 
ment  of  the  arten,'  is  very  small  and  to  obtain  a  distinct  record  it  is 
necessary  to  magnify  this  movement  greatly  by  a  properly  coi 
etructed  lever. 

The  form  of  lever  that  Is  {)erhapB  most  fre<iuently  emploved  is  shown  in 
aooompanying  figures.     The  instrument  is  strapped  upon  tne  arm  so  that 
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Fig.    201.- 


Tbo  lever  vA 


button  of  the  metallic  spring  rests  over  the  radial  artery.     The  niovempnts 

of  tht»  arterj'  arc  transinitltii  lo  this  9F>nng  aiid  this  latter  in  turn  act*  upon 

llw  bent  lever,  and  the  niaKnifi«l  movement  is  recorded  by  the  writing  pointi 

upon  A  atrip  of  blaekened  paper  which  is  moved 

under  the  point  by  clm^kwork   contained  in  the 

OMe.      To  uLtain  a  !yili(*factory  record  or  Bphijg- 

mogmm,  two  details  are  uf  t«pe<cial  importance: 

First,  the  button  of  tlie   lever  must  Ik?  pn-ssed 

uptni  the  arter>'  with  the   proper  force.     Theo- 

peticnlly  this  pressure  should  W  alxtut  e<)ual  to 

the   diatitolic  preaaure  witliin  the  artcr>'.      All 

sphysiDOgraphR   are    provided   with    means   to 

reflate  the  pressure,  and  practically  one  must 

Icttm  so  to  pLice  the  button  and  to  arrange  the 

puj—mre    as   to  obtain   the   luc^est  tracing.     A 

aevoud  detail  of  importance   is  tliat  the  weight 

of    the    lever  when   set    suddenly  intjo   motion 

causes  a  movement,  due  to  the  inertia  of  the 

nuMB,  which  may  alter  the  true  fomi  of  the  wave. 

To  overcome  this  defect  the    lever  should  bo  as 

light  as  potHible,  or  the  spring  u|>on  which  the 

artery   plays   sliould    have    considemblc    resi»- 

tance.      In  those  sphyg:mographs  in  which  the 

UMsrtia  factor  'i»  practically  eliminated  the  diffi' 

CuHv  of  obtaining  n  tracmg,  esiMM-ially  from  a 

weak  pulse,  is  correspondingly  Increased,  and  in 

the  !*ptiygmograpli*4  most  oomtuonly  eitipluye<i. 

such  :is   the  liudgiitn,  raciHty  in  apnlicatinn  is 

obtained  at  the  expense  of   incomplete   correction  of  the  exror  of  inertia. 

The  pulse  wave  obtained  from  t!itr  rtnlial  artery  is  repre«ente<l 
in  Fie..  202.  It  will  lje  seen  frum  tliLs  figure  that  the  arteiy  ililates 
rapidly  and  then  full?  more  t^lowly.  hut  it  mvi.sl  l)e  home  in  mind 
that  the  verj'  pointed  it|>ex  of  the  wave  i-etorded  by  thi-s  fomi  of 
sphygmopraph  is  due  in  the  instnimental  error  refernnl  to  alnive. 
Qamely.  the  " fling"  of  the  lever  caused  by  the  sudden  expansion 


the  Dudiceon  nphVKinofpmph : 
P,  The  button  of  the  Bpnnx  ^* 
to  Ix*  plarcxl  urxm  the  artery. 
The  movement  in  tnuuuiiitted 
to  the  l«ver.  Ft,  mad  theooe  to 
the  bent  lever,  Fm,  whoad 
mtivenieiiC  ia  effected  Ihrou^ 
the  weiKht,  g.  The  writioK 
point  S,  of  this  le\*er  makm 
tlie  record  on  the  amokad  sur* 
(bcc,  a. 


nc.  303. — SphyimocrHU  from  the  radial  artery.  Duditeoo  sphypnocraph :  I?,  The  dlerolitf 
wave;  P,  the  pmUcroiio  wave. 


of  tlte  arter>v  The  asoendin^  portion  of  the  wave  is  spoken  of  as 
the  anarrotir  limb,  the  descending,  ils  the  caUxcrotic  limb.  Under 
iKsiial  ronrlitions  the  anacrotic  limb  Is  smooth, — that  is,  shows  no 
secondary  waves. — while  the  catacrotic  limb  shows  one  or  more 
•e<'ondar>'  waves,  which  are  spoken  of  in  general  as  the  catacrotic 
The  most  constant  of  these  latter  waves  oecurs  usually 


488 


CniCDXiATION  OP  BLOOD  AND  LYMPH. 


approximately  at  the  middle  of  the  descent  {D)  and  is  designaittl 
as  the  dicrotic  wave.  A  less  ['onspiruoiis  wave  l>etween  it  and  ilw 
apex  of  the  pulse  wave  is  known  usually  as  the  prrdtcrotic.  warr,  F, 
while  the  wave  or  waves  following  the  dierotic  are  designated  iw 
poaidirrofic.  These  catacrotic  waves  are  too  small,  imder  nnniial 
conditions,  to  l>e  felt  by  the  finger.  Under  certain  abnomwl 
conditions,  however,  which  cause  a  low  hlood-pressure  witlimit 
marked  iliminulinn  in  the  heart  l>eat,  the  dicrotic  wave  Is  emphflr 
sixed  and  niuv  l>e  dete<ted  l>v  the  finger.  A  puL^  of  this  kind  t; 
known  as  a  tlicrotic  pulse.  In  each  pulse  wave  we  may  distinpuish 
a  sj'stoiic  and  a  diastolic  pha.se;  tlie  former,  making  due  aUowmice 
for  transmission,  corre-sponds  with  the  time  during  which  the  aortic 
valves  are  open,  and  likwHl  is  slreaniing  from  the  heart  lo  the  aorta, 
the  latt-er  represents  t!ie  period  during  which  the  aortic  valvts 
are  closed  and  the  arteries  ai^e  shut  off  fr<»m  the  heart.  In  Fig  202 
the  systolic  phase  extends  from  s  to  d,  the  diastolic  from  d  to  8*. 

Explanation  of  the  Catacrotic  Waves. —It  has  liecn  found 
difficult  to  iiive  an  entirely  satisfactory'  explanation  of  the  catacrotic 
waves  or.  to  speak  more  accurately,  it  is  <lifhcuU  U*  decifle  l)elwMii 
the  different  explanations  that  have  l»ecn  proposed,     t'oncenuna; 
the  dicrotic  wave,  it  may  be  siiid  that  tracings  fi-om  differejnt  a^ 
teries  show  that,  like  the  main  pulse  wave,  it  has  a  centrifupd 
course. — that  is.  it  starts  in  the  aorta  and  nms  peripherally  \v  ith  the 
same  velocity  as  the  main  wave  uy>on  which  it  Is  superixjseiL     Monv 
livev,  simultaneous  tracings  of  the  pressure  changes  in  the  heart  andj 
in  the  aorta  show  that  the  closure  of  the  semilunar  valves  is  bjticHi 
nous  with  the  stnull  depression  or  negative  wave  (d.  Fig.  202)  whicl 
inunerUaT^ly  ptXH'edes  the  lUcrotic  wave.     The  general  belief,  thet 
foi'e,  is  that  the  dicrotic  wave  results  from  the  closui^e  of  the  semi- 
lunar valves.     When   the  disten^led  aorta  begins  to  contract  by"' 
virtue  of  the  elasticity  of  its  walls,  it  drives  the  column  of  bloinl  in 
both  directions.      Owmg  to  the  position  of  the  semilunar  vaUi 
the  flow  to  the  ventricle  is  prevented;  but  the  interposition  of  thi 
sudden  block  causes  a  reflected  wave  which  passes  centrifugallj 
over  the  arterial  system.     The  dicrotic   wave  is  prece^leti  by 
small  negative  wave  or  notch  in  the  cun^e  which  marks  the  tii 
of  closure  or  just  follows  the  closure  of  the  semilunar  valves.     Th< 
sequence  of  events  as  pictured  by  Mackenzie*  is  as  follows:    " 
soon  as  the  aortic  pressure  rises  above  the  ventricular  the  vah 
close.     At  the  moment  this  happens  the  valves  are  supported 
the   hard.  contracte<l    ventric\ilar   walls.     The   withdrawal  of  1 
support  by  the  sudden  relaxation  of  these  walls  will  tend  to  pnxhn 
u  negvitive  pi*essure  wave  in  the  arterial  sj-stem.     But  this  negativ 

*  Mackenzie,  "The  Study  uf  the  Pulse  and  the  Movementa  of  the  Heart. 
1902. 
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stoppetl  by  the  sudden  strelchinp  of  the  aortir  valvee. 
on  losing  their  firm  support,  have  now  tliemselves  to  lioar 
resistance  of  the  arterial  pressure.  This  midden  checking  of 
negative  wave  starts  a  se«'ond  p<:)sitive  wave,  whirli  is  prop- 
ited  through  the  arterial  system  iis  the  dirrotic  wave.'  The 
smaller  waves,  such  as  the  predicrotic,  have  l)een  explained  (Lan- 
dois)*  sdmply  as  elasticity  waves. — that  is,  as  clustic  vihratifnis  of 
the  arterial  walls  or  as  instrumental  errors,  due  to  fliii^r  of  the  lever. 
Arrofiiin^t  to  other  authoi-s.f  an  important — perhaps  the  chief 
factor — in  the  production  of  the  secondar}^  waves  Ls  the  reflection 
that  occurs  from  the  periphery*.     Where  each  arterial  stem  breaks 

Kp  into  its  smaller  vessels  the  main  pulse  wave  suffers  a  reflection, 
wave  ninning  backwartl  toward  the  heart.  It  is  probable  that 
8U<'h  reflectetl  waves  from  different  areas — for  inst^mce,  from  the 
^oronar^'  sj'stem,  the  subclavian  system,  the  mesenteric  system, 
Bk:. — meet  in  the  aorta  and  may  in  part  sumniate  to  larger  waves 
which  again  pass  f»eripherally.  The  catacrotir  waves,  a.^cording  to 
this  virw.  pn)bably  differ  in  character  in  the  liifTerent  arteries, 
and  tnieinps  indicate  that  this  Ls  tlie  ciLse.  The  radial  pulst*  differs, 
fnr  instance,  fmm  the  carotid  pulse  in  the  character  of  its  waves. 
Between  thefse  opposite  views  it  is  not  jxissible  1o  rlecide,  but  it  i? 
prrha|)s  jH'rmi'^siblc  to  l»elieve  that  while  tht'  dirrotic  wave  is  due 
primarily  to  the  impulse  following  upon  the  clos\ne  of  the  semilunar 
vnlvt«.  nevertheless  the  actual  fonn  of  this  and  the  other  secondar}' 


I 


.— *Aii«eKMM  puloa  tram  s  cftae  of  mortio  alcocwu  (J/oeAimnc);   ^  Tbe  anacrotlfr 


waves  k  variously  modified  in  different  parts  of  the  system  by  the 
reflected  waves  from  different  peripheral  regicms. 

Anarrniic  Waves.— As  was  saitl  alw^ve,  the  anacrotic  limb  under 
normal  conditions  shows  no  secondar>*  waves,  Under  pathological 
conditions,  however,  a  secondary-  wave  more  or  less  clearly  markeil 
may  appear,  as  is  shown,  for  instance,  in  the  tracing  given  in  Fig. 
203.  Such  waves  are  recorde<1  in  cases  of  stiff  arteries  or  stenosis 
of  the  semilunar  valves.  In  the  nonnal  individual  an  anacrotic 
pulse  may  \ye  obtaineii,  according  to  von  Kries.t  by  raising  the 
ann.  He  believes  that  in  this  petition  the  reflection  of  the  pulse 
wave  from  the  peripher>'  is  favored,  and  that  the  anacrotic  wave  Ls 
simply  a  quickly  retfect-ed  wave.  It  is  possible  that  the  same 
explanation  will  hold  for  its  appearance  under  pathological  con- 
ditions. 

*  lAndoia.  "Die  Lehre  von  ArterienpulB, "  1872. 

t  See  von  Frcy,  loc.  tit. 

X  Von  Krieit.  "Sludiifn  lur  PuWchre,"  1802. 
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Characteristics  of  the  Pulse  in  Health  and  in  Disease.  - 

By  mere  pal])ation  the  i>hysiciun  obtains  from  the  pulse  valiiabii' 
indications  coneeniing  the  heart  and  the  circulation.  The  fnv 
quency  of  the  heart  beat  is  at  once  made  evident,  so  far  at  lea^rt  iw 
tlie  ventricle  is  concerned.  One  may  determine  readily  whetlier 
tlie  fretjiiency  is  above  or  below  the  normal,  whether  the  rhythm 
is  regular  or  irregular.  By  tlic  same  means  one  can  deterniiiM' 
whether  the  pulse  is  large  (pulsus  mognus)  or  small  (pulsus  parvus), 
whether  the  wave  rises  and  falls  rapidly  (pidsus  celer)  &a  happens 
in  the  case  of  insufficiency  of  t!ie  aortic  valves,  or  whether  in  one 
phase  or  the  other  it  is  more  [>rolonge<i  than  normal  (pulsus  tardus). 
It  seems  obvious,  however,  that  a  more  satisfactory-  conclusion  may 
be  reached  in  all  such  casea  by  obtaining  a  sphygmopraphic  reconi. 
In  the  works  devoted  to  clinical  methods  numerous  such  sphygmo- 
grams  are  described.  By  mere  pressure  upon  the  artery  one  can 
determine  also  approximately  whether  the  blood-pressure  is  hiith 
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F^g.  204. — Splty^iXLORTmmii  illustnitinK  th^  vlfrct  of  i-BHAlicmii  in  blood-preanirv,  ptfti 
UlArly  upon  the  prwTinn  or  thr  dirrntJc  wav«  luid  noirh :  n,  The  cUcroMo  notch: 
dieroiic  w»vf.     A.  SptivKmosmm  while  blt^KHl-prrmurp  wm  reuiiveb*  low.     B.  8pn: 
Bimm    wiUt  hiither  blood-prm'iure.     {Markrtyrir.) 

or  low  by  estimating  the  force  with  which  the  wave  presses  uj 
the  fingers,  or  the  pressure  necessary  to  occlude  the  artery, 
similar  inference  may  be  drawn  from  the  character  of  the  sphy, 
mogram,  and  especially  from  the  relative  size  and  position  of  tl 
dicrotic  wave.  When  this  latter  wave  falls  at  or  near  the  biLse  Hi 
of  the  curve  it  indtcules  a  low  arterial  pressure,  since  under  tin 
circumstances  the  arterj'  collapses  reaflily  after  its  first  systoL 
expansion  (see  Fig.  204).  Since  the  introduction  of  the  sphyg-^ 
monianometer  (p.  4661,  however,  it  seems  evident  that  this  insti 
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ment  mu8t  be  uppeuleii  to  whenever  the  determination  of  blood- 
pr9ssure  is  a  matter  of  importance. 

Venous  Pulse.— Inder  iisual  conditions  the  pulse  wave  is  lost 
before  entering  tlie  fapillniy  rejrions,  but  ixfi  a  result  of  iiil:it:ition  in 
the  arlerierf  of  an  organ  the  pul.se  may  cany  through  and  uppenr  in 
the  veins,  in  which  it  may  be  showTi,  for  instance,  by  tlie  rhythmical 
flow  of  blo<xl  from  an  openo<l  vein.  The  tenii  venous  pulse,  liow- 
ever.  as  pcnenilly  used  applies  to  an  entirely  difTerent  j>hemitiienon, 
— namely,  to  a  pulse  ol>served  especially  in  tlie  larjie  veins  [jugular) 
ne4ir  the  heart.  The  pulse  in  this  case  is  not  due  to  a  pres^ui^*  wave 
transmitteil  through  the  capillanes,  but  to  pressure  changes  of 
both  a  poi^itive  and  negative  character  occurring  in  the  heart  and 
tmn-smitled  backward  into  the  veuis.  The  venous  puLse  that  has 
thiH  oriein  may  usually  l)e  seen  ami  recoixled  in  the  external  (or 
intenial)  jugular.  Under  pathological  conditions,  especially  when 
the  flow  through  the  right  heart  is  more  or  less  impeded,  it  may 
be  plainly  apparent  at  a  fijrther  ili^tance  from  the  heart  and  may 
cause  a  noticeal)le  jiulsation  cif  the  liver,  whidi  is  designate<l  Jis  a 
liver  pulse.  The  venous  pulse  curve  has  been  much  studied  in 
recent  years.*  It  is  somewhat  cnni])licat<Hi  and  an  explanalion 
of  some  of  its  detiiils  has  not  lieen  agreed  upon,  but  there  can  l»c  no 
doubt  that  when  [iroperly  interi)reted  it  will  llirow  mucii  light  upon 
the  pres-^ure  changes  in  the  heart,  and  will  afTonl  a  valual>k'  means 
of  iliagnosis  in  cases  of  valvular  lesions  an<l  other  pathological 
conditions  of  the  heart.  It  is  evident  also  that  the  venous  pul.se 
gives  a  ready  means  of  determining  the  rate  of  beat  of  the  auricles. 
just  as  the  arterial  pulse  enables  us  to  count  the  beats  of  the  ven- 
tricles. 
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Fin  ?<>-*'  -  Siri»itfaniHtii«  trmrinic*  n(  ihr  ramtiil  an<J  venoiw  pul"***.  In  tlif  vninus 
trftnnit  (mlt^mal  jiijnilnrt  <t  indic^lr*  Ihr  nurirulnr  wavr  dur  to  die  ftkiilmrtittii  nf  Ihe  AUti- 
t\^ ;  t  i*  til*  mrotui  wbvp  tliw  tn  an  tni|Hil««  (rmn  llif  n<'tielitx>nriK  carulid  arter>' ;  »  is 
lltr  vmtnrtilar  wave  due  To  l)ir  rlierkinii  or  ftAjcntHioit  nf  ilte  flow  into  the  minclc  a*  ttiia 
•ItaMnbcr  filN  rfuhnff  thf  |>en«fl  of  rlo^uir  of  the  aunrulD-vmiinnitar  valven ;  s,  tlilatati<Hi 
4b>  tu  Kunrulsr  ilia^liilr  .  v,  (hr  ppriml  uf  verilnriilnr  dinxlolr.      iMQ£kmx\t.S 

Thr   venous   (jajpilar"!   pulfl^  an  civen   by   MarkfrntiP  is  rrpreflent*tl   in 

Kiff.  205.     Three  positive  waves  are  sCown,  a.  c.  and  r.     The  o  wave  or  auric- 

•  Sec  Mackenzie,  "The  Study  of  the  PuUe,"  ItKW;  aim  Hirsehfelder.  "  AnuT- 

Joumal  of  the  Mcdicul  Scicnees,"  Sept.,   1906,   and  Morrow.   "British 

I.  Journal."  IW)G  and  I1K)7. 
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ulur  wavp  is  Hiio  tx>  the  nuriciilnr  rontrnction  which  not  only  foire*  fabod 
into  the  vrntricU'.  but  sends  r  ixjsitive  wave  backward  into  the  veins.  Tlwe 
wave  i»  interpret<?d  by  Mackenzie  aa  being  due  to  the  pulse  of  tlie  neightKirinc 
arlerj*  icarotid);  while  the  r  or  venlrirular  wave  occurs  toward  the  end  o? 
ventricular  systole  ami  is  evplained  as  being  due  to  the  abrupt  cheekiiv  «' 
the  venous  current  at  the  time  ti»at  the  auricle*  reach  their  Idl  diMeiihion 
In  casiM  [if  inrijffieiency  of  the  tricuspid  valves  this  wave  is  much  iiufHWHl 
in  proiuiiiLnce  owing  prubuitly  to  back  flow  during  the  sj^Ftole.  Anothrr 
iilustralion  of  the  venoui*  pulse  iJ)  is  piven  in  Tig.  200,  taken  from  »  p*pfr 
by  Hard.*  Simultaneous  n-eords  are  pven  of  the  carotid  pulee  (r)andthe&()f.\ 
beat  (r),  and  tlie  coincident   pointw  in  the  three  cur\'tfi  are  niarkedtbv  ihe 
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Fig.   206.— fiimiiltdnwiMT"  trarUj!ti»  of  liip  veiiuu^    puUc    (J i.  th«»  rnr«tti<l  pu)t«f>    'C}^ 
the  apex  best  of  the  vent  hrli»  *\').     Ttie  vertirftl  line:*  mark  piiriullanwrn*  r""'"*'* 
lhrPecur\-«;    T  t*atiinf>  r«Htrd.  irivinK  A  wc.     In  llir  vfiioha  tracitie  <iu(n»Ur>  the  f<> 
wBvm  orp  mark  ml :  p.  cmiDtpd  by  the  rontrnciioii  of   tlie  auricle  ipmi.vuldlicl;  i>,  llit-  ■ 
WAV**  due  to  rontnir.linn    tif    t)i»    vonirirlp;   t,   lelenvstolic   wave;    Ro.  the    cUaAtnlr  nf 
ail  ride  .   Hi;   the  diastolic  expansion  of  the   vriitnflc.      {Bard).      (See  text    for    further 
KriptioD .  > 

verti'^I  linas.  In  Bard's  curve  of  the  venouR  pulse  (J)  thrw  poritive  w»vi 
are  also  shown,  namely,  p.  «,  and  /,  corresjionding  rehpectively  to  the  a.  c.  and 
waven  of  Mackenzie.  His  interpretation,  however,  differs  in  some  reaqi 
from  that  of  Mackenzie,  p  is  a  wave  due  to  the  auricular  contraction, 
occurs,  therefore,  in  the  presystolic  in1<'rx-al.  !*o  far  a*  the  ventricle  is  conceme<L' 
«  eorr08pond<t  to  the  v  wave  of  Mackenzie,  hut  on  account  of  tlie  fact  that  it 
occurs,  as  shown  in  the  figure.  i:»efore  llie  r'anitiil  pulse  antl  while  the  pressure 
in  the  ventricle  is  riBing,  Bard  atiributc's  it  to  the  sudden  tightening  of  the 
♦  Bard.  "Journal  de  Physiologic  et  de  Pathologic  g(?n6rale, "  1906,  viii.. 
454  and  466. 
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lo-veDineiUAT  valves  and  their  prutrmion  to  somv  extent  into  (he 
■iilar  cavity.  TUis  w«vf  i:>cours.  thfn'fure.  at  the  very  beginning  of  the 
)le.  Wave*,  correaptintiinji;  with  Muekciizie'ft  wave  v.  oecur.s. on  ihroontrarv. 
At  the  rnii  of  f-ystole  ami  if*  therefore  (K*>igri}il<*tl  Ijy  lianl  a.s  telesvKioIie.  He 
attritmtcs  thi«  wave  tn  ihf  faet  that  (luring  vnitrinilar  .systoU*  the  ha**e  of  the 
hrATt  in  pulleil  toward  thcojM'x.  thus eiUarjrinK  the aurieular cavity  and  e.\erting 
an  a»[>inilory  effect  on  iJie  venoui*  flow .  The  eessalitm  of  this  a.'ipiratorj'  effect 
at  lUv  end  of  the  sj'slole  and  wl^en  the  auricle  is  »In*:uly  fully  ili.sli'nded  give/* 
a  sudden  rhcrk  to  the  flow  of  venous  blood  wiiii'h  eaases  the  wave.  The 
nf^ative  wave.  Ho,  between  N  and  /,  eorre»]X)nd.s  to  the  dia^^tolic  expansion 
«»f  till-  atiricles,  while  the  larjrer  deproswion  ( /i*r)  correH|.>omls  to  the  (liaslollc 
expansion  of  the  ventrieU'^.  In  amlitton  to  the  three  waves  de.seribed.  pre- 
«j'*tolio  (p),  syntlolic  u),  and  ttlfsj'felolic  '/),  Hard  deseril>e»;  a  .snudl  wave 
kM'iwev*n  n  and  m,  wlueh  he  desienateis  hs  intersystolic  (.Or  «nd  another,  oeoiirring 
in  eurty  uiaaUile  (d  wave),  which  follows  immediately  ufter  the  t  wave. 


^                           THE  HEART  BEAT. 

^^M             General  Statement.— We  divide  the  heart  into  four  chambere, 

^^H        — the  two  auriclea  a!i<l  the  two  ventrirles.     What  we  designaUasa 
^^H         heart  l>eat  lie-ins  witli   the  simultaneous  contraction  of  the  tvo 
^^1        auricles,  iininetliately  followed  by  the  simultaneous  contractioD  of 
^^H         the  two  ventricles;   then  there  is  a  pause,  during  which  the  wlwk; 
^^H         heart  is  at  n'st  and  Ls  tilling  witli  blood.     As  a  matter  of  fact,  the 
^^H         Iieait  beat  i^^  initiated,  accordin^r  to  \isual  l)elicf.  not  by  the  aiiriib 
^^^H         proper,  but  hy  a  rorumctiDn  of  the  moutliH  uf  ihe  large  vein*- 
^^H         vense  cavje — where  they  open  into  the  auricle.     ThLs  portion  of  the* 
^^H         veins  cori'espomls  physiologicall}'  to  a  tiefinite  chaml)er.  the  vonons 
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07. — To  show  the  time  relntinnn  of  the  auricular  sjretute  and  diaMo 
<f»\f>  and  diiLMtijle  (\fany'i:  Or.  D.  Tracing  from  ng,ht  auricle;  Vetu 
ventricle;    Vent.G.  trarins  from  left  \-fintncle.     Obtained  from  tbe 
caiM  of  tubw  coiiiiiiunieatiiiic  with  the  cftWtioe. 

1  the  heart  of  the  lower  vertebrates.     In  the  descr 
rt  beat  the  contraction  of  the  veins  is  usually  n 
»  in  a  fundamental  consideration  of  the  cause  of  th 
e  it  is  of  great  importance.     'I'he  contraction  of  an; 
t  is  designate<i  as  its  si/stole,  its  relaxation  and  perir 
astoie.     In  the  heart  beat  we  hare,  thei-efore.  the 
the  ventricukr  systole,  and  the  heart  pause  durii 
ambers  are  in  diastole.     The  genera!  relations  of 
,  and  pause  are  represented  gmphically  in  the  accon 
Fig.  207).     It  will  be  noted  that  the  auricular  s 
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shorter    and    its    diastole 
^^  .^  .  longer    than      the    similar 

^^P        i'h^J  .^^  conditions  in  the  ventricles. 

^^  ^.^T^  *^^-^L.^\  The  Musculature  of  the 

[        /^ ^Hy^y^         .^'^^- — ^-I'^Ov      Auricles    and    Ventricles. 
I      /         ,^^^^^^^^a  J^fck^^i' ''  \     — Knil)r>'olt>j;ii'ally  the  four- 
|f    /         ^^^EeS^^B^h^^^^^B  I  t  I     chambered   heart   i^  devel- 
oped from  a    simple  tube 
and  this  origin  is  indicated 
in  the  adult    by   the    fact 
that  the  musculature  of  the 
two  auricles  is  in  large  part 
common  to  lK>th  chaml)er8, 
— that  is,  surrounds   them 
as  though  they  were  a  single 
chaml>er, — and  the  same  is 
true  of  the  ventricles.      In 
the  auricles  there  is  a  8Ui)er- 
ficial  layer  of  fibers  which 
nms    transversely  and   en- 
circles both   auricles.    The 
simultaneous  contraction  of 
the    two    cliambers   wouhi 
seem  to  be  insured  by  this 
arrangement  alone.     In  addition,  each  auricle  possesses  a  more  or 
leas  independent  B>'stem  of  fibers,  whose  course  is  at  right  angles 
to  that  of  the  preceiling  layer.    These  fil>ere  may  be  considered 
L   as  loops  arising  and  ending  in  the  auriculo-ventricular  ring.     The 
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PiiL  2ns.— MuMruUiureorthebmrt.— (.Voe^ 
CfMumA  Heart  anaeen  U*»\\  thp  iHwt«rior:  LAV, 
Lo-v«ntri<mUr  r>|)pninjr;  HA\\  rinht 
incuUropeninK;  /^^.  opening  of  muI* 
_'ry.  /.  Tnv  BuperficUi  mu-H-lo  luver 
in  Uw  richt  uhI  left  Munculo-vontnc- 
I  Aod  poBtarior  half  of  tendon  of  conus. 
//.  TW  Mpvrftml  lum  oricinAiins  In  the  uil«rior 
hair  of  tbe  tvodos  of  the  ooou>  (fiJU  in  ibe  np  of 
FV  1).  ///-  Tba  ■eroU  abani  in  several  layera 
(ormUis  the  <leapar  atrala  of  tb«  haart'«  mu»cu- 
Utur*. 
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the  venlrirlea  has  l^een  liifficult   to  tnake 


course  of  the  fibern 
out  and  several  tnorc  or  less  diflFerrnt   a(*<'oiints  hiive  Ijcen  puU 
lisheti.     It  is  rlear  from  even  ii  ciisuiil  examiniition  thai  the  Miper- 
ficial  fihei-s  are  common  to  both  ventricles.     They  may  l>e  ronsidered 
as  arising:;  fmm  the  aurieulo-ventricular  ring  in  one  ventricle  to 
pass  in  a  spiral  course  to  the  papillary  mnsnles  luid  thniujjh  tlipir 
tendons   to   the   a\in<'ulo-ventrirnlar   ring  of  the  other  vcndicle 
Those  that  l^egin  on  the  outer  surface  in  one  ventricle  end  on  the 
inner  surface  in   the  other.     This   an-anfjenient   is  repreisentcd  in 
Fig.  208.  /  and  //.     The  contractions  of  these  bands  t>f  Hliers  would 
tend  not  only  to  diminish  the  cavities  of  the  ventricles  from  siile 
to  side,  hut  also  Xu  luing  the  ajwx  antl  biise  together  and  to  rotate 
the  apex  fram  the  left  to  right.     Beneath  these  superficial  fibere 
He  thicker  bands,  the  Hl>ers  of  which  have  a  more  transverse  /i>ur9e. 
According  to  Macrullum,*  the  libers  form  three  flat  bands  which 
pas«  in  the  form  of  a  scroll  from  i)ne  ventricle  through  the  septum 
into  the  otlu-r,  as  shown  in  Kig.  2()S,  ///.     The  band  that  lies  most 
superficially  in  the  left  ventricle  at  its  origin  lic^  deepest  in  the  right 
ventricle.     The  effect  of  the  contractions  of  these  bands  should  be 
to  compress  the  cavities  of  the  ventricles  in  the  lateral  diametere. 
In  addition  tn  the-se  two  main  systems  of  fibers  there  are  other  less 
praminent  bands  l^eionging  •entirely   to  one  ventricle.     A  matter 
of  very  great  physiological  interest  in  connection  with  the  invariahl 
sequence  of  the  heart  lieat  ha,s  Ixhmi  the  (piestion  of  the  existence  o! 
a  direct  mviscidar  connection  between  the  auricles  and  ventricles. 
While  such  a  connection  exists  obviously  in  the  lower  animals, 
frogs,  ternipins, — in  the  manunalia  there  is  a  ci'iaspicuous  tendino 
ring  at  the  anricido-ventricular  groove  which  has  l)een  believed  b; 
many  to  make  a  complete  separation  between  auricles  and  ventriclea 
Several  obsen'ers,  however,  ha\'c  shown  recently  that  there  is 
muscular  connection  in  the  heart  of  man  and  of  a  number  of  mani' 
malia.t     The  chief  connection  is  ilescrihed  as  a  bundle  of  fil>e 
auricuto- ventricular  huntlle,  which  springs  from  the  right  side  of  thi 
interauricular  septum,  runs  obliifuely  through  the  connective  tissu 
and  ends  in  tlie  muscle  of  the  ventricular  septum  under  the  o 
of  the  aorta. 

The  Contraction  Wave  in  the  Heart.— The  muscular  contraction 
of  the  heart  l>eat  begins,  according  to  the  usual  description,  at  the 
mouths  of  the  great  veuis  opening  into  the  auricles,  and  thence 
passes  to  the  auricles  first  and  subsequently  to  the  ventricles. 

That  this  wquenco  18  followed  in  the  rase  of  l)ic  lower  unimaJn  may 
deinunst rated  beautifully  in  the  temipin.     In  the  slowly  beating  hcflrt  of  l! 

*  M:ie<.'ftlhmi.  '•f'ontrihulion.s  to  the  Soicnee  of  MixUcine."  clnUcateJ 
W.  H.  Welch,  p.  307.  Hultimnrc.   1900;  contains  aleo  the  literntun*. 

t  Sep  Rctzer.  "Arrhiv  f.  Anutomie. "  1904,  p.  1;  and  Braeunig 
f.  PhyHiologic, *'   1904.  Buppl.  volume,  p.   I. 
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inimftl  the  succcasive  contruciionb  of  till' vcin.s.  auricles,  and  vontriclc«  may 
Ik*  fullowt-d  i'iit«Uy  with  the  eye.  According  to  t  retlcricq  *  tht*  HtK|ueiic«'  is  differ- 
ent m  titp  timniinuliHn  lieart  ;  the  cardiac  beat  begins  in  the  rifEht  auricle  at 
•  ptiinl  lyinfS  between  tlie  inuuthH  of  tlu*  twu  t*av:e,  and  thence  spreads  rapidly 
Ovtsr  Uw  aunclea  and  nwy  penetrate  fur  »onie  dt»tunee  over  I  he  veins  eoii- 
Bccted  with  the  aiiricU'-s.  Whi-iher  or  nui  this  explanation  of  the  fMspienee  of 
vhtfMt  in  the  mammatian  heart  is  correct  will  [mve  to  be  determined  by  experi- 
BMnt.     ll  in  not  K  fact  that  can  be  ftettied  by  mere  ocular  inspection. 

The  contintiity  of  the  nius<'iiliir  tissue  en»bk's  us  t(j  urulerstnnd 
how  the  roiilrat'tion  piissps  tjuirkfy  fniin  re]|  tu  cell  in  tht»  (lin'<'lion 
of  the  musculur  fil)ers.  In  liie  matnirmlirin  heart  when  cxpast^d  to 
%'iew  it  is  evident  thiit  the  uuricular  systole  is  not  Hiiffifient  to 
empty  its  cjivily.  so  fiir  at  least  as  the  atrium  \h  (.•oncernetl.  The 
r«ntrarti4>M  of  the  auricular  appeiidnpes  is  more  forcible.  The 
contraction  tnay  Ix*  reKarded  rvs  a  nipid  perLstalsis  which  sweeps  a 
pi^rtiun  of  the  hltxid  l)ef()r<.'  it  into  the  ventricle.  The  force  of  the 
contraction  has  l»een  determined  in  a  numl>er  of  cases.  For  tlie 
auricle  of  the  do'/rt  heart  it  may  l)e  valuetl  at  20  mms.  Hp.  Tiie 
e^'istole  of  the  ventricle  is  to  the  eye  a  sirnidlaneous  contraction  of 
the  whole  musculature.  Various  oh.servers,  however,  have  shown 
that  the  wave  of  contraction  travels  over  the  heart  with  a  certain 
\'el«cily.  which  for  the  human  heart  has  been  astimateti  at  5  m. 
per  second  (W^allerl.t  It  is  probable  that  this  wave  starts  at 
|the  bftae  of  the  ventricle  and  travels  rdi*n^  the  course  of  the  fil)ers. — 
I  that  is.  first  toward  the  ai)ex  and  then  intii  the  interior  of  the  heart, 
padtnjT  in  the  papillan,-  muscles.  In  fact,  Hoy  and  Adams  have 
demonstrated  praphically  that  the  contraction  of  the  papillary' 
muHcles  occurs  .sinuewhal  later  tl»an  that  of  the  wall  of  the  ventricle. 
The  slight  patise  l»etween  aurictdar  anil  ventricular  systole  may  l)e 
referre<i  to  the  fact  that  the  mti.scular  bridtre  Ix'tween  the  two 
rhjimhers  is  small.  We  have  exp>erimental  evidence  that  the  con- 
traction wave  proceeds  more  slowly  through  a  narrow  bridpe  of  this 
port.  In  the  do;;'s  heart  the  time  interval  l^tween  the  contractions 
<»f  the  atiricle  and  ventricle  is  alxmt  -^^  second.  Since  the  con- 
neetini;  auriculo-ventricular  bimdle  hius  a  len^h  of  10  to  lo  mms. 
the  velocity  of  the  conduction  throuf^h  this  bundle  must  l>e  about 
in  to  1.1  cms.  j)er  second. 

The  Electrical  Variation. — The  contraction  of  the  heart 
mtiflcle,  Hke  that  of  skeletal  muscle,  is  accompanied  by  an  electrical 
change.  Tliat  is.  where  the  muscle  substance  is  in  contraction  its 
eSectnrAl  potential  is  different  from  that  of  the  resting  muscle. 
The  advancing  wave  of  contraction  catises  a  correi^jionding  electrical 
change.  If  two  points  of  the  heAit  are  connectc<l  with  an  ele<*tn>ni- 
eter  an  electrical  current  will  l^e  shown,  since  the  electrical  change 

•  Fretleric":),  ".\rchive.'«  intern.itionales  de  Physinlopp,"  1906,  iv.,  57. 
tSe«?  TiKerPtedt,   "Die    Phyaiologie    des    Kr'eislaufes, "  1893,  p.  80,  for 
'  litrratiin!. 
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will  afff^f't  tho  elrvtrofios  at  difforont  times.  Tliis  elpctriral  %Tir»- 
tion  of  tlie  contracting  heart  muscle  may  l>e  shown  eaflily  by 
means  of  the  rheoscopic  musole-nerve  preparation  (see  p.  99).  If 
the  heart  is  exposed  and  the  nerve  of  the  jireparation  is  laid  over  its 
surface  e^ch  ventricular  systole  is  accompanied  by  a  kick  of  the 
muscle,  since  the  ner\^e  by  connotating  separated  points  acts  as  a 
conducting  wire  for  the  current  generated,  and  is  stimulate,  there- 
fore, at  each  systole.  Since  the  muscle-nerve  preparation  givtt 
only  a  simple  contraction  for  each  ventricular  systole,  we  may 
assume  that  this  latter  contraction  is  itself  simple,— that  is,  dm 
to  a  single  stimulus.  The  electrical  variation  may  lie  obtained  also 
by  means  of  the  capillar^'  electrometer  (p.  94),  and  since  the  move- 
ment of  the  mercury'  in  this  iastnmient  may  be  photographed  the 
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209. — Elect rocardioicr&ni  obtained  by  photoirrmphinic  the  movenienta  of  a  aeiuitirr 
lonieter.  The  upi»er  hinire  chows  tlie  piiotocraulied  eur\e.  while  the  ilower  on^  la  a 
non!itnjrte<l  fn»m  thr  phutoErapli  to  make  ciearrr  the  elec'tnr&J  chancvw  in  a  ■iticle 
cyde.  To  obLain  lhi«  rernm  thn  elertrodr*  were  connecle.1  with  the  nghl  aiid  Wl 
tiuida.  Wavea  witlk  the  apex  upward  indicate  that  the  ba»e  of  the  heart  mr  the  nxht  vni- 
Iricte)  is  negative  to  the  apex  (ur  left  venlricIeL  Waveo  with  llie  apex  dowuwani  have 
the  npjMMile  Miniifiranre.  Wave  P  \*  due  to  the  eoutractiiui  uf  the  auricle.  \^  av**  Q. 
H,  .*».  and  7*  ofcur  <hirinir  the  wyjitole  of  the  ventnrlo.  The  rnrve  neentM  to  ithow  t)ial  ih* 
cMintrartinn  in  the  ventriclM  besinM  tint  towArd  the  apex  (or  in  the  left  veulriclc).  atuet 
the  o^Blivity  5rit  apSMBiv  toward  that  Bide  (wave  Q).     (Eintkov^n). 
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restdts  can  I^  studied  in  detail.  Owing  to  the  sensitiveness  of  the 
instrument,  the  l>eat  of  the  human  heart  may  Ije  registered  in 
this  way  (Waller)  when  the  right  hand,  gi^nng  the  potential  changes 
of  the  base  of  the  heart,  is  connectetl  with  one  electrode,  and  the 
left  hand  (apex  of  heart)  is  cf>nnecled  with  the  other.  The  electm- 
cardiogr^ms  thtis  obtained  photographically  show  that,  in  the 
ventricle  at  least,  the  electrical  variation  exhibits  several  phases, 
and  the  character  of  these  pha.ses,  that  is,  whether  the  base  or  the 
apex  first  shows  a  negative  potential,  has  been  used  in  discussions 
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upon  the  direction  of  the  wave  of  (contraction.  Since  the  character 
of  the  electrocardiogriim  depends  so  mxivh  on  the  delirary  of  llie 
instruments  used,  arguments  based  on  this  evidence  have  m»t  so 
far  prove<l  very-  satisfactory',  particularly  as  the  later  i-ecorda 
are  quite  complex  and  difficult  to  interpret  (see  Fi^.  2()9  and  legend). 
Change  in  Fonn  of  the  Ventricle  During  Systole.— The 
8>'stole  of  the  ventricle  fliminishes,  of  course,  the  cavity  witliin  and 
forces  out  the  blood.  Whether  the  cavity  is  completely  obliterated 
under  ordinary-  comiitioas — that  is,  whether  the  ventricles  empty 
themselves  at  each  beat — is  not  certain.  I'nder  what  we  may 
designate  as  unusual  conditions — such,  for  instance,  as  an  imusually 
high  pressure  in  the  aorta — it  seems  certain  that  the  \'entricle  can  not 
emp^  itaelf  completely  or  at  least  fan  not  continue  to  do  so,  and  the 
result  in  such  cases  is  a  backing  up  of  blood  and  a  rise  of  pressure  in 
the  left  auricle  and  pulmonarj'  vein.  Much  attention  has  Ijeen  paid 
to  the  external  change  of  form  of  the  ventricle  during  systole. 
Iktes  it  diminish  in  size  in  all  diameters  or  only  in  certain  diam- 
eters? The  question  is  one  that  I'uniiot  l>e  answeivd  definitely  for 
all  normal  conditions,  owing  to  the  fact  that  the  form  fif  the  heart 
during  diastole  varies  with  the  jx»ture  of  the  bo<iy.  During 
tliAstole  the  heart  muscle  is  quite  soft  and  relaxeil,  and  consecjuently 
ila  8ha()e  is  influenced  by  gravity.  The  exact  change  of  form 
that  it  undergoes  in  pa^ising  from  diastole  to  s\stole  will  vari*  with 
its  shape,  wliatever  that  may  happen  to  be,  in  diastole.  During 
8>'8tole  the  musculature,  on  the  contrary,  is  harti  and  resisting  and 
the  form  of  the  heart  in  this  pliase  is  prol>ably  constant.  The 
cliange  from  the  varialile  dia.*^tolif  to  the  ctmstant  systolic  form  will 
naturally  lie  diflferent  in  diffen^nt  |KJsitions.  \\'ith  an  excised  frog's 
haul  one  can  show  that  the  ventricle  is  elongated  in  passing  from 
diAstole  to  s>*st/)le  or  one  e^n  show  the  reverse.  If  the  heart  is  laid 
upon  its  side  it  flattens  in  diastole  so  as  to  increase  in  length. 
and  8>'stole  causes  a  shortening.  If  the  heart  is  held  or  placed 
with  its  apex  pointing  upward  it  flattens  during  diastole  so  as 
to  shorten  the  cUameter  from  base  to  apex  and  during  systole 
this  diameter  is  lengthened.  In  ourselves  the  exact  change  of 
shape  is  probably  different  in  the  erect  from  what  it  is  in  the 
recumbent  p)08ture.  Speaking  gcnerully,  the  accounts  agree  in 
stating  that  the  long  diameter  of  the  heart  is  decreasetl,  base  and 
apex  are  brought  closer  together,  and  the  tliameter  from  right  to 
left  is  also  decreased,  while  the  anteroposterior  or  ventnwlorsal 
diameter  is  increased.  That  is,  the  outline  of  the  base  of  the  heart 
during  diastole  is  an  ellipse  with  its  short  diameter  in  the  ventro- 
dorsal tlirection.  During  systole  this  outline  approaches  that  of  a 
circle.*  A  more  interesting  change  is  described  for  the  apex  of  the 
•  Sec  Haycraft  and  Edea,  "  Joumul  of  Physiology,"  12.  426. 
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ventricle.  Owing  to  the  whorl  made  by  the  8Ui)erficial  fitjere  at 
this  point  as  they  turn  to  pass  into  the  interior  (see  Fig.  2US.  I), 
the  systole  causes  a  rotation  of  the  apex,  whieh  is  thereby 
forcefi  more  Jinnl>'  against  the  chest  wall.  This  rotation  and 
erection  of  the  aj^ex  during  systole  may  be  seen  upon  the  exfKwetl 
heart  of  the  lower  mammals  and  has  l>een  deseriljetl  also  for  nian 
in  cases  in  which  the  heart  is  coveroil  only  by  the  skin,  o^sine  lo 
malformation  in  the  chest  wall  (ectopia  conli^i)  or  to  siirpral 
opentions. 

The  Apex  Beat. — The  apex  of  the  heart  rests  against  the  chcfit 
wall  at  the  fourth  or  fifth  intercostal  sjMU'e,  and  here  the  sj-stole 
may  be  seen  and  felt  in  ronse(]uenre  of  a  slight  protrusion  nf  tiic 
wall.     Much   discussion    h;is  ensued    as    to    why   this    protnisioti 
occurs  during  systole,  sinci^  the  ajiex   is  drawn   toward  tlie  I»a«? 
and  the  volume  of   the  heart  is  diminished    by  the  output  of 
blood.    The  fact  seems  to  be  explainetl  satisfactorily  by  two  con- 
siderations:  The  heart  during  djjistole  rests  against  the  chest  wall 
at  its  apex  am]  a  portion  of  its  anterior  surface,  but  causes  no  pro- 
tnision  of  the  wall  because  the  tetLscness  of  this  latter  is  sutBcienl 
to  flattt'n  or  deform  the  softer  heart  muscle.     IJuring  systole  the 
hardened  heart  muscle,  on  the  contrary,  overcomes  the  now  rela-| 
tivcly  less  resistant  integument.     The  rotation  of  the  ai>ex  temia; 
also  to  maintain  the  contuct;  so  that,  although  the  heart  is  short-j 
ened   in    its  long  diameter,  the  extent  of  the   movement  is  noM 
sufficient  to  draw  it  away  from  the  chest  wall.     In  the  second  jJiice^ 
the  discharge  of  the  heart  contents  into  the  curved  aorta  by  tendii 
to  straighten   this  tube  causes  a  movement  of  the  whole  Ijeai 
downward  whicli   counteracts  the  effect  of  the  shortening  in  tl 
long  diameter.    The  apex  l>eat  is  proof  that  the  aytex  reinaii 
against  the  chest  wall  ^luring  systole  and  in  mammals  corrolwrati^ 
experiments  have  lieon  made  by  nmning  needles  through  the  cl 
wall  into  the  btuse  and  the  apex  of  the  heart.     Such  needles  act 
levers  with  a  fulcnmi  in  the  skin,  and  from  the  movement  of  l] 
projecting  portion  it  has  l>een  shown  that,  while  the  basal  porli( 
of  the  heait  moves  downward  during  systole,  the  ajxrx  rei 
more  or  le«s  stationary-  except  for  the  lateral  movement*  due 
the  rotation. 

The  Cnrdiogram.— The  apex  beat  may  be  recorcle<l  easily 
means  of  ap|>ropriate  tamlx>urs.    Several  instniments  have 
especially  devised  for  this  purpose  and  are  designated  as  caniit 
graphs.  The  cardiograj^h  flescribed  by  .Miirey  is  shown  in  I'lg.  2(1 
It  consists  essentially  of  a  tamljour  inclosed  in  a  niet-al  l>ox. 
rubber  membrane  of  the  tambour  carries  a  button  which  caxi 
brought  to  bear,  under  a  suitable  pressure,  upon  the  apex  of  ll 
heart.    The  movements  of  this  button  cause  pressure  changes 
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the  air  of  the  tamlx)ur  which  are  traasinittecl  through  tubing  to  a 
iQconlixig  laml)our  and  recorded  on  a  kyinographion.  A  simple 
effective  c^inliograph  inay  be  made  by  preBsing  a  funnel 
against  the  skin  oAer  the  apex  and  connecting  the  stem  of  the 
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^fig.  210. — Mmrry*ii  emnlifiKraiih.  Tlie  liuttnn  on  the  lamhi*ur  Lt  preswnl  iiptm  iht 
owr  tb«  apex.  The  mnvemciiitH  are  imnMnittctl  throuKb  llie  lulw  to  the  hitlit  to  a 
line  tanibour, 

funnel  by  tubing  to  a  suitable  recording  taralx)ur.  The  car- 
diograms obtainecJ  by  Buch  niethotls  have  l>een  the  subject  of 
much  discussion.  The  form  of  the  curve  varies  somewhat  with 
the  instniment  use<l,  the  way  in  wliich  it  ia  applie<l,  the  j)osition  of 
tlie  heart  apex  with  reference  to  the  chest  wall,  and  with  the  con- 
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M  1. — Two  ordiof^rmma  from  th«  iiun«  iiK^vidual  to  thow  chaniet«ri5tto  rvoordfl:  a. 
Beginning  uf  «y>tol«;  b-c,  aystulic  pUlaau. — (After  .VTorrv.) 
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djtions  of  the  circulation,  and  it  is  oft^n  difficult  to  give  it  a  correct 
inter|>retation.  An  unconi|jlicat€<l  form  of  the  canliogram  is 
representetl  in  Fig.  2!  I.  7,  and  a  cun'e  more  difficult  to  interpret  in 
Fig.  211.  8.    It  should  l>e  l>ome  in  mind  that  the  canliograph  cun'e 
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18  partly  a  pressure  curve  and  partly  a  volume  cun'e, — that  w,  the 
changes  in  volume  as  well  as  the  changes  in  pressure  of  the  heart 
during  systole  will  affect  the  instrument. 

The  Intraventricular  Pressure  During  Systole. — The  best 
analyses  of  the  details  of  the  systole  of  the  ventricle  liave  bee-n  maiie 
by  a  study  of  the  changes  in  pressure  within  the  ventricle.    For 
this  purpose  a  tube  filled  with  liquid  is  introduced  into  the  ca>ity  of 
the  ventricle.    A  tube  used  for  such  a  purpose  is  designated  m  a 
kearl-sound.     For  the  right  ventricle  it  is  introduced  through  an 
opening  in  the  jugular  vein  and  pushed  down  until  it  lies  in  th« 
ventricle.     For  the  left  ventricle  it  is  introduced  by  way  of  the 
carotid  or  subclavian  artery'  and  in  this  case  is  forced  through  the 
opening  guarded  by  the  semilunar  valves.    The  sound  is  then 
connected  to  a  suitable  recording  aj^paratus  by  rigid  tubing  filled 
with  liquid.    The  changes  in  pressure  in  the  ventricle  are  extensive 


Fiff.  '2\'2. — Synrhmnoun  rvcnrrl  of  the  tntravontrimiUr  prasBUre  (V).  ma<\  lb*  aartie 
preMUre  M):  5.  The  time  record. — each  vibiatioo  »  lii  we.;  0-6.  eorTCMpoodias  otdh 
natm  Ui  toe  two  ourvm;  1  marka  the  opentnft  of  the  aetnlluiuix  valvoa;  3  mariLa  ibt 
dosure  of  tbeae  valvu  and  the  beginiuDg  of  liiaHlule. — {HOrthU.) 


and  ver>-  rapid.  To  register  them  accurately  the  recording  instru- 
ment must  respond  witli  great  promptness  and  at  the  same  time 
must  be  free  from  inertia  movements.  A  mercurv  manometer,  for 
instance,  would  be  entirely  useless  for  such  a  purpose,  since  the 
heavy  mass  of  mercur\-  could  not  follow  accurately  the  tiuick  changes 
in  pressure.  The  recording  manometer  devised  by  Hiirthlc  (p. 
462)  seems  to  have  met  the  requirements  more  satisfactorily  than 
any  other  of  the  numerous  instruments  described,  A  typical  ciirve 
obtained  by  means  of  the  Hiirthle  manometer  is  given  in  Fig.  212,  Vi 
(Consult  also  the  classical  curve  obt-ained  hyChauveau  and  Ma 
from  the  heart  of  the  horse  [Fig.  2('>7].)  It  will  l)e  seen  that  t 
pressure  in  the  heart  rises  suddenly  with  the  beginning  of  the  ven- 
tricular contraction  and  a  oertitin  time  elapses  before  this  pressure 
is  strong  enough  to  open  the  semilunar  valves.  The  moment  that 
this  occurs  (1.  on  the  ventricular  curve  in  Fig.  212)  is  determined 
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by  flimultaneoufl  measurement  of  the  ])res8ure  in  the  aorta,  it 
being  e>'ident  that  the  pressure  will  begin  to  rise  in  tliis  latter 
vessel  the  moment  that  the  valves  open.  It  is  interesting  to  find 
tli&l  the  yielding  of  the  valves  to  the  rising  pressure  in  the  ventricle 
is  not  indicateil  on  the  ciirve  iUelf  by  any  variation, — a  fact  which 
indicates  that  the  valves  open  smoothly,  and  are  not  thn)wn  back 
M'ith  a  sudden  shock.  A  veiy  characteristic  feature  of  the  ventric- 
uJar  cune  is  its  flat  top,  or  ptateau  as  it  is  called.  In  some  cases 
the  plateau  slopes  more  or  less  upwan.1,  in  other  cases  downward, 
depending,  doubtless,  on  the  resj^ective  values  of  the  force  of  the 
heart  contraction  and  the  aortic  tension,  for  during  the  whole 
tune  of  the  plateau  the  semilunar  valves  are  open  and  Ihe  ven- 
tricle is  discharging  a  column  of  blood  into  the  aorta.  The 
different  features  of  the  ventricular  systole  as  gathered  from  these 
pressure  curves  are  expressed  by  Hurthle*  as  follows: 

I.  SvBtoIe,  phane  of  cnntraction  of  the  miiscle  fibers  (0  to  3  in  Fi^.  212,  1'). 
W  Period  of  tension  (0  to  1),  during  whicli  tlie  a uriculo- ventricular  and 
seniiluitAT  valves  are  both  closcfl  ond  the  licAxt  niUfide  is  squeezing 
upon  the  contained  blooti.     Thi^i  i^riod  ends  at  the  opening  of  the 
aemihinar  valves. 
(b)  Perio*!  of  emptying  (1  to  ^).     During  ihie  time  tlie  heart  is  empty- 
ing itself  into  the  aorta  uiu)  the  intravcnlrii*ular  pre^^^ure  remains 
alx>vc  aortic  pr&wure.     It  enil?*  with  tlie  {"Csflatioti  of  the  contrBC- 
tion  of  the  muscle  and  the  bc^ntiinp  of  the  rapid  relaxation. 
U.  Dioatote,  pha;^  of  rclaxaliou  and  msl  of  tlie  niascle  tilierM. 

(a)  Period  of  rcJaxaticm  from  3  imtil  the  rur%'e  reaches  a  hnrisontaL 
At  the  t>e^rininK  of  the  relaxation  the  Hsmilunar  valves  are  rlosed, 
and  from  coninarison  with  the  aortic  curve  the  instant  of  ihe  occur- 
renre  of  thu  cloHure  is  placed  at  4. 

(b)  Perioti  of  ftUing.  Thi»  i^eriofl  l>cf;ina  aa  soonas  theauriculo-ventric- 
ular  valves  open  and  the  stream  of  blood,  which  ha<t  \)eeu   flowing 

^^  into  the  auricle  ihroupliout  the  \'entricular  systole,  is  f^nniited  to 

^^^B  enter  the  ventricle.     l)urinfE  this  |>eriod  of  liUiiiK  the  ventricular 

^^^H  pre^Kure  rvtea  slightly  a^?  the  heart-  Ktecomes  turgid  with  bUwHl.     This 

^^^V  mrrea^«  of  pressure  is  in<licated  in  nio.st  cardiofn'ams  by  a  f^ratlual 

^^^H  rise  of  the  curve  durinf;  iUis  period.     It  is  stiowu  in   the  curve  of 

^^^B  Chauveau  and  Marey,  given  ui  Fig.  207. 

V  The  Heart  Sounds. — An  interesting  and  important  feature  of 

■  the  heart  l>eat  is  the  occurrence  of  the  heart  sounds.  Two  fiounds 
Are  heard,  one  at  the  beginning,  the  other  at  the  end  of  the  ventricu- 
lar aystole.  The  first  sound  has  a  deeper  pitch  and  is  longer  than 
the  second,  and  their  relative  pit<*h  and  duration  are  represented 
I  frequently  by  the  syllables  lubb-dap.  According  to  Haycraft.t 
both  tones  from  a  mufiical  standpoint  fall  in  the  l>a88  clef,  and  are 
separated  by  a  musical  interval  of  a  minor  third.  The  sounds  arc 
readily  heard  by  applying  the  ear  to  the  thorax  over  the  heart,  but 
for  diagnostic  purposes  the  stethoscope  is  usually  employed,  and 

*  Hurthle,  "  Archiv  f.  d.  ResaramtA  Physiologio/'  49,  84,  1801. 
t  Journal  of  Physiology,"  11,  486,  1890. 
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this  method  of  investigation  by  bearing  is  designated  as  ausadiatifm. 
The  ituportAnce  of  these  heart  sounds  in  diagnosis  was  first  em- 
phasized by  Ijaennec  (1819),  and  sinre  his  tirae  a  great  number  of 
theories  have  been  proposed  to  explain  their  causation.    liidee<l, 
the  suf>ject  is  not  yet  closed,  although  certain  general  views  regard- 
ing their  cause  and  the  time  of  their  occurrence  are  generally 
accepted.     The  second  sound  is  found  to  follow  imine<liately  \i\m 
the  closure  of  the  seniihinar  valves.    The  usual  view,  therefore,  is 
that  the  sounrt  is  due  ultimately  to  the  vibrations  set  up  in  these 
valves  fjy  their  sudden  closure.    These  \'ihrations  are  transmitted 
to  the  colunui  of  blood  in  the  aorta  (or  puhnonar>'  arter>')  an<l  then 
to  the  intervening  tissue  of  the  chest  wall.     Tliis  view  is  nui'ie 
probable  by  a  numl>er  of  experimental  results,  some  of  the  imiet 
important  of  which  were  brought  out  by  Williams  in  a  report  (1836) 
of  a  committee  appointed   by    the    British    Association   for  the 
spx?cial   par|josc  of  investigating  the  subject.    It  has  been  shown: 
(I)  That  the  second  sountl  dis."iijpenrs  before  the  first  sound  when 
the  animal  is  bled  to  death,  and  indeed  as  soon  as  the  heart  ceases 
to  throw  out  a  supply  of  blood  sufficient  to  maintain  aortic  tension. 
It  disappears  also  when  cuts  are  made  in  the  ventricles  so  that  the 
blfMid  may  cscaix'  otherwise  than  through  the  arteries.     (2)  When 
the  valves  of  the  pulnionar>'  arter>'  and  aorta  are  hooked  backin  the 
living  animal  the  secoml  soimd  is  replaced  by  a  murmur  due  to  the 
rushing  back  of  the  blood  into  the  ventricle,  and  if  the  valves  are 
dropped  back  into  place  the  nonnal  secnnd  sound  is  again  heard. 
(3)  Similar  sounds  may  be  produced  if  the  root  of  the  aorta  with  its 
valves  in  place  is  excised  anil  attached  to  a  glass  tube  canning  a 
column  of  water.     With  such  an  arrangement,  if  the  valves  are  heid 
oi?en  for  a  moment  an<l  then  cbised  sharj^Iy  by  the  pressure  of  the 
coluTun  of  wat^r  a  soiuul  similar  to  that  of  the  second  heart  sound 
is  heard. 

The  physician  uses  tliis  view  of  the  cause  of  the  second  sound  ia 
auscultation,  and  it  is  evident  that  the  nature  of  the  sound  or  it< 
replacement,  l>y  nnirmurs  will  give  useful  testimony  regarding  th« 
condition  of  the  semilunar  valves.  The  first  henrt  sound  has  of- 
fered more  difficulty.  It  occurs  at  or  shortly  I  efore  the  closure  of  (h 
auriculo-ventricular  valves,  and  it  would  seem  nature!,  therefore.  V 
attrilntte  it  to  the  vibration  of  these  valves  when  suddenly  put  undeC 
tension  by  the  ventricular  systole.  Most  authors,  indee*.l.  Iielieve 
that  tliis  factor  is  at  least  jmrtiall}'  responsible  for  the  sound, — 
that  is,  that  the  sound  contains  a  valvular  element.  Hut  that  thifi 
is  not  the  sole  cause  is  shown  by  the  fact  that  the  bloodless  l>eat 
heart  still  gives  a  sound  at  the  time  of  the  ventricular  systol 
Indeed,  if  the  apex  of  the  rabl^it's  heart  is  cut  off,  it  continue*: 
to  beat  for  a  few  minutes  anrl  during  this  time  gives  a  first 
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mmd.  It  is  iLSimlly  sfiid.  thrreforo,  that  fhp  first  heart  sound  is 
caused  by  the  combination  of  at  least  two  factors.— a  vaU^ular 
dement  due  to  the  vibration  of  the  aiiriculo-ventricular  valves,  and 
a  miisciilar  element  due  to  the  vihmtion  of  the  contracting  muscular 
tti&ss.  Accepting  thisi  view,  there  is  a  further  difiiculty  in  explain- 
ing the  origin  of  the  muscular  element.  Acconiing  to  s<tnie.  it  is 
due  t^  the  fact  that  the  contraction  of  the  nmseic  fibers  is  not 
nmultaneoiis  throughout  the  ventricle  and  the  friction  of  the  inter- 
lacing fibers  sets  up  vibration  in  the  muscular  mass;  according  to 
others.  tl»e  so-called  nuiscular  clement  is  mainly  a  resonance  tone  of 
the  ear  membrnne  of  the  auscultator,  the  shock  of  the  contracting 
heart  sets  the  tympanic  membrane  to  vibrating.  It  seems  useless 
to  attempt  a  detailed  discussion  of  these  conflicting  views,  sinoe  no 
convincing  statements  can  l»e  made.  F^nicticnlly,  the  time  at  which 
the  he^rt  siMinds  occur  is  of  great  imjMirtance.  A  numl>er  of 
obeer\*er8  have  recorded  the  time  upon  a  cardiographic  tnicing  of 


Fts.  213. — To  show  tbf  tim«  relation  of  the  hrsrl  wiumU  to  th»  venlrirulnr  \*»t 
(JVavvv):  V^..  Tnkcinff  of  tbe  ventricular  pretMure  in  the  riffhi  vrntrirJe  of  (he  hun«.  Be- 
nw  the  tiVD  BiArlu  lUuiw,  respvctlwly,  ibe  tinie  of  lh«  5rM  ami  mcond  MHinds.  The  fir*C 
oeeura  itutDodiaiely  ailer  tbe  boiiJiDioc  of  Bystole,  tlw  aecoml  iinmeduiiely  after  the  bevin* 
oios  of  duwtole- 

the  heart  beat  with  results  such  as  arv  shown  in  Fig.  213.  The 
figure  shows  clearly  the  general  Fact  that  the  first  sound  is  heard 
vcr>'  shortly  after  the  l>eginning  of  systole  and  the  second  one 
imnietliately  after  the  end  of  systi>le.  't'he  first  sound  is  ther(»fore 
s^irtolic,  and  the  second  sound  diustolie.  A  more  exact  and  de- 
tAiled  study  of  the  time  relations  of  the  heart-  sounds  haa  l>een  made 
by  Kinthoven  and  (leluk,*  These  authors  obt^uned  graphic  records 
of  the  heart  sounds.  The  sounds  received  first  by  a  iiiicniphone 
were  transmitted  to  a  capillary  electrometer  cud  the  niovementa 
of  the  latter  were  photogmplied.  As  one  result  of  their  work  they 
give  the  schema  shown  in  lig.  214.  It  will  be  seen  from  tliis  figure 
tliat  the  fir¥«t  sound  begias  about  0.01  sec.  l)efore  the  canliogram 
shows  the  commencement  of  systole,  and  that  for  the  first  O.Oti  sec. 
thesoiwd  is  heard  only  over  the  a|)ex  of  the  heart  (n-b).     Over  the 

*  Etnthoveo  and  Geluk,  "  Archiv  f.  d.  gesammte  Fhyttiologie,  "  57,  617, 
IHOI.     Einthovim.  ibid..  1W)7,  vol.  117. 
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base  of  the  heart  (second  intercostal  space)  tlie  first  sound  is  heard 
{b  to  c-d)  just  at  the  time  when  the  semilunar  valves  are  openwi 
(b'), — that  is,  at  the  beginning  of  the  period  of  emptying  according 
to  the  classification  given  on  p.  503.  The  first  sound  ceases  long 
before  the  ventricular  contraction  itself  is  over, — a  fact  which 
would  seem  to  indicate  that  the  muscular  element  in  the  fiist  sound 
is  not  a  muscular  sound,  such  as  is  given  out  by  a  contracting 
skeletal  muscle.  The  beginning  of  the  second  sound  seems  to  iiuirk 
exactly  the  time  of  closure  of  the  semilunar  valves.  The  character 
and  the  time  relations  of  the  murmurs  that  accompany  or  replwe 
the  heart  sounds  form  the  interesting  practical  continuation  of  this 
theme;  but  the  subject  ts  so  large  that  the  student  must  be  re/erred 
for  this  information  to  the  works  upon  clinical  methods. 

The  Events  That  Occur  during  a  Single  Cardiac  Cycle.- 
By  a  complete  cardiac  cycle  is  meant  the  time  from  any  given 


l^t      I      I      I      I      I      I      I      t      I    _L_1      I      I      1      I      I      I      t      I      I      I 

Fiir.  '2i  4.— Scherimiic  reprtsKtitatioti  of  tbe  feUtioh  of  the  heart  sounds  to  tha  venlrie 
uJsr  bc^t:  C,  Tbe  canJioRram;  1,  to  -thow  the  duration  of  tbe  firet  haart  moaad;  3.11* 
duration  of  the  wcond  benrt  H>und;  S,  the  time  record,  each  divinon  corro^midUii  (o 
0.02  Bee.  In  1,  a-a'  murks  the  inatant  that  the  first  heart  aouod  la  bninl  over  tha  UC< 
and  6-^'  tbe  uioiuent  that  it  is  beard    at  the    aerond  intereoeial   apaee. — (£iitlA««m  im 

feature  of  the  heart  beat  until  that  feature  is  again  produced.  It 
may  be  helpful  to  summarize  the  events  in  such  a  cycle  both  as 
regards  the  heart  and  as  regards  the  blood  contained  in  it.  We 
may  begin  with  the  closiu^  of  the  semilunar  valves.  At  that 
moment  the  second  heart  sound  is  heard  and  at  that  mome 
the  ventricle  is  quickly  relaxing  from  its  previous  contractioQ.-| 
Since  the  auriculo-ventricular  valves  are  still  closed,  the  ventricl 
for  a  brief  interval  are  shut  of!  on  both  sitles.  The  blood  is  flow 
steadily  into  the  aiuicles  and  dilating  them.  As  soon  as  t 
ventricular  relaxation  is  complete  the  pressure  of  blood  in  the 
auricles  opens  the  auriculo-ventricular  valves,  and  from  that  moment 
imtil  the  beginning  of  the  auricular  systole  the  blood  from  the  large 
veins  is  filling  both  ventricles  and  auricles.  The  ventricles  become 
more  tense  and  the  auriculo-ventricular  \alves  are  floated  int^t 
position  ready  for  closure.  The  auricular  systole  sends  a  sudden 
wave  of  blood  into  the  ventricles,  dilating  them  still  fiulher  and 
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■tnompntarily  MfM'kinp  or  retanlin^  the  flrnv  frnm  tlip  larpp  ve'infl^ 
ami  caiit^ing  one  of  the  waves  seen  in  the  nojTtml  venous  pulse  as 
rworded   in    tlie  jujoilar   veins.     The   ventrirular  systole   follows 
at  once  upon  the  auricular  systole,  the  exact  relations  in  this  case 
depending  somewhat  uixm  the  pulse  rate.     As  tlie  ventricle  entera 
into  contraction  the  auriculo- ventricular  valves  are  tightly  cl<»se(l, 
the  first  sound  is  heanl,  and  for  a  short  interval  the  ventricular 
cavity  is  apain  shut  off  on  l)oth  sides.     Soon  the  rising  pressure  in 
the  interior  forces  open  the  semilunar  vuIvch,  nnd  (hen  a  column 
1  of  bltKMl  is  discharged  into  the  aorta  and  pulnu»nar>'  arterj'  as  long 
n»  the   contraction    husts.     During   this    interval    the  flow  at   the 
\'enous  end  of  the  heart  continues,  the  hkM>d   Ijcing  received  into 
'  the   jieldinj^    auricles.     In<lee<l,    this    capacity    for    receiving    the 
pgDous    inflow  during    the   comparatively  lon(i-la.stin^    voiitrirular 
n^vtole   may    Ik?   considered   as   one  valuable  mechanical  funitiim 
fulfilled    by   the   auricles.     The   venous   flow   is  never  completely 
blocked  and  at  the  most  sniffers  only  a  sli|;ht  retardation  during 
Ihe  ver\'  brief  auricxilar  systole.     At  the  end  of  the  ventricular  sys- 
tole the  excess  of  pressiire  in  the  aorta  and  the  pulmonary  artery 
cloees  the  semilunar  valves  and  completes  the  cycle. 

Time  Relations  of  Systole  and  Diastole. — The  diimtion  of  the 
separate  phases  of  the  heart  beat  depends  naturally  on  the  rate 
of  beat.  Assuming  a  low  pulse  rate  of  70  per  minute,  the  average 
duration  of  the  different  phases  may  be  estimated  as  follows: 


I  dun 


A'eiitricular  systole =  0.379  .sec. 

Vcntrirular  Jia!<tole  and  pause =  0.483    " 

AurituUr  systole =0.1      to  0.17       " 

Auricular  (Uastole  uiid  pause =  0.762  to  0.692    " 


Einthoven  and  Geluk,  in  the  investigation  referred  to  above, 

measured  the  time  inter\^aL'i  of  systole  and  diastole  during  fifteen 

heart  periods  of  a  healthy  man,  nnd  found  that  the  time  for   the 

ventricular  systole  varied  tn'tween  0,312  and  0.34G  se<'.,  while  tliat 

'  for  the  diastole  varie<i  from  O.'Ai^i  to  0.518  sec.     Experiments  by 

I  ft  number  of  ol>servera  indicate  that  in  the  great  changes  of  rate 

which  the  heart  may  undergo  under  normal  conilitions  the  diastolic 

phase  is  affected   relatively  much  more  than  the  sysTolic,  lis  we 

Bhould  expect. 

I       The   Normal   Capacity   of   the   Ventricles   and   the   Work 

I  Done  by  the  Heart.  ^Various  efforts  have  l)een  made  to  measure 
the  norrnal  capacity  of  the  ventricles,  but  the  determination  has 
encountererl  many  difficulties.  Experiments  and  observations  made 
tipon  the  excised  heart  are  of  little  value,  since  the  distensible 
oralis  of  the  ventricles  yield  readily  to  pressure,  and  it  is  <liHicidt 
or  impossible  to  imitate  exactly  the  conditions  of  pressure  that 
prevail  during  life.  \or  is  it  certain  whether  normally  the  ventricles 
«a]pty  themselves  completely  tluring  systole.    The  older  oi)8erver8 
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(Volkmann,  Vicrnnlt)  atUniii)ted  to  arrive  at  a  tletermination  of  the 
nornml  output  of  the  ventricles  by  oalculatioiis  ha^teii  uptin  the 
velocity  of  the  blood  in  the  carotid  and  the  width  of  the  fitream 
l>ed,  Kroni  ol>servations  on  many  animals  they  arrive*!  at  the 
generalization  that  at  ench  systole  the  amount  of  blood  cjectwl 
from  tlie  veiitricle.s  \n  c<jiial  to  alMUit  n^j^  of  the  body  weight.  Fur 
a  loan  weigliiug,  say,  72  kilognims  (158  iba,)  tliis  ratio  would  give 
an  output  for  each  systole  of  18()  giuB.  (6  ozs.).  More  recent 
obser\'ers,  however,  iiave  found  this  estimate  too  Idgh.  Howell 
and  Donaldson*  measured  tlie  output  directly  for  the  heart  of  the 
liog.  making  luse  of  a  heart  isolat-ed  fn>m  the  Iwxly  and  kept  beating 
}>y  an  artiftciul  rirculation.  The  ratio  of  the  output  varied  with  the 
rate  of  l^eat ;  for  a  rate  of  180  beats  per  mlimte  it  was  equal  to 
0.(M)1I7  {tttit)  of  lfi6  body  weight;  for  a  rat«  of  120  t)eats  per  minute 
it  was  equal  to  0.0014  (ttjt).  This  ratio  is  therefore  about  oue-Iuif 
of  that  pro]Ki.sod  by  Volkmann.  Ti;^orstedt,  from  obser\'ati<m& 
upon  rabbits,  obtained  a  lower  ratio  still  (0.00042);  but  from  his 
own  results  and  those  obtained  by  other  workers  he  concludesf 
that  an  average  valuation  for  the  volume  of  l>lood  discharged  by 
each  veidricle  of  the  human  heart  is  from  .%  to  l(X)c.e.  On  tliis 
basis  one  may  make  an  ap[>roximate  estimate  of  the  work  doiw 
at  each  beat.  I'sijig  llgerstedt's  Hgiuvs,  such  results  as  the  follow- 
ing are  obtained :  (Jn  the  left  side  the  heart  empties  its  1(X)  c.c. 
against  a  pressure  of  150  nmis.  Hg,  (0.150  meter)  and  on  the  right 
side  agaiu-st  a  pressure  of,  say,  00  nmis.  Hg.  (O.OG  meter).  Tl>e 
work  done  is  calculated  from  the  formula  w^pr,  in  which  p  repre- 
sents the  weight  of  the  niat^s  thrown  out  and  r  the  resistance  or 
mean  aortic  pressiu-e.  This  latter  factor  must  l)e  nmltij>lied  by 
13.0,  the  density  of  mercur>',  to  reduce  to  a  colunm  of  blooik 


t 


Leit   ventricle, 
Right 


X  fO.150  X  13.0)  =  204.0  grammelers. 
X  (0.06    X  13.6)  =    81.U 


285.6  granuneierk 


To  this  must  be  atlded  the  energ>'  repre8ente<i  by  the  velocit 
of  the  mass  ejected  into  the  aorta.     Placing  this  velocity  at  5(0 
mms,  (0.5  meter)  for  both  aorta  and  pulmomirv'  arter>%  the  enengfj 
represented  in  mechanical  work  is  estimated  from  the  fonuula 
in  which  p  represents  the  weight  of  the  mass  moved,  v  the  velocil 
of  its  movement,  anti  <j  the  accelerating  force  of  gravity.     Applyii 


this  formula  we  liave  for  each  ventricle 


100  X  0.fi« 

2X  0.8 


1 .28  grammei 


or  f«r  both  ventricles  2.56  grammeters,  making  a  total  of  over 

*  Howell  and  Dnnal>lHOii>  "  Pliilttsophifal  TnutBactiotis,*'  Rovul  Hoe.,  L 
don,  1R84. 

t  TiKerstedt,  "  Lehrbuph  dcr  Physiologie  des  Kreislaufe^/*  p.  152,  1 
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lelen*  of  work.  That  is,  the  mechanical  work  done  at  each 
itraction  of  the  heart  is  equal  to  that  necessary  to  miiie  2SS  gins. 
11  meter  in  height.  The  calculations  maiie  by  different  authors  as 
to  the  amount  of  blood  tlischarged  from  each  ventricle  during 
systole  may  l)e  tabidated  as  follows: 

ThoRus  Youikg. . .    45  grus, 

Votkmauu ISS  *'     for  weiiclit  of  72  kgms. 

Vieronlt 180  "      "        "       "    "       " 

Kick 50-73  *' 

HowcU  Olid  Donaldson 75-90*  "      "        "       '*  65      " 

Uuorweg 47  '* 

Zuntz. .". 00  *' 

Tigervtedt 50-l()0  " 

Pluinier 70  " 

I.oewy  aiid  v.  Schr6tt«r  ....  55  "      "        "          6{H55  kgnw. 

The  Coronary  Circulation  during  the  Heart  Beat. — The 
condition  of  the  bloofl-flow  in  the  comnar>'  vessels  (Uu*ing  the  phases 
of  the  heart  {ye&i  has  been  the  8ubjc<:t  of  much  speculation  antl 
experiment,  since  it  has  entered  as  a  factor  in  the  discussion  of 
sevenil  meehanical  and  nutritive  problems  that  are  connected  with 
the  phyaiologj'  of  the  heart.  According  to  a  view  usually  attributed 
to  Thel>esiu8  (1708),  the  flaps  of  the  semihmar  valves  are  thrown 
back  <luring  systole  and  shut  off  the  coroiiar>'  circiJation,  and 
therefore  the  coronar>'  vessels,  unlike  those  of  other  organs,  are 
filled  during  diastole.  In  modem  times  this  \iew  has  l^een  re\'ived 
by  Brucke,  who  made  it  a  jwirt  of  his  thcor>*  of  the  "  self-regulation" 
of  the  heart  beat.  According  to  this  view,  the  coronaries  are  shut 
off  from  the  aorta  during  systole  by  the  flaps  of  the  semilunar  valves, 
80  that  the  contraction  of  the  ventricle  is  not  oppope<l  by  the 
distended  arteries,  while,  on  the  other  hand,  the  reinject  ion  of  these 
veseels  from  the  aorta  during  diastole  aids  in  the  ililatation  of  the 
ventricular  cavities.  Experimental  work  has  shown  tlecisively  that 
the  part  of  this  theor>'  relating  to  the  closure  of  the  coronary  arteries 
by  the  senulunar  valves  is  incorrect.*  Records  of  pres.sure  changes 
in  the  coronary  arteries  during  the  heart  l>eat  mafie  by  Martin  and 
Sedgwick  and  by  Porter  show  that  they  are  substantially  identical 
with  those  in  the  carotid  or  aorta,  and  records  of  the  velocity  of  the 
blood-flow  made  by  Rebate!  show  that  at  the  beginning  of  systole 
the  flow  in  the  coronaries  suffers  a  su<lden  systolic  acceleration  as  in 
the  case  of  other  arteries.  During  systole,  therefore,  the  mouths  of 
the  coronar>'  arteries  are  in  free  communication  with  the  aorta. 
But  the  coronar>'  system — arteries,  caj^illaries,  and  veins — is  in 
imbedded  In  the  musculature  of  the  ventricles,  and  we  shonld 
that  the  great  pressure  exerted  by  the  contracting  muscu- 

*See  Porter.  "American  Journal  of  PliyMology/'  1,  145,  1898,  for  di»- 
anit  literature. 


610 


CIRCULATION    OF    BLOOD    AND    LVMmi. 


latiire  would  at  the  height  of  systole  damp  off  this  system  and  slop 
the  roromiry  circulation.  Tliat  this  result  really  happens  ia  in(ii- 
dieate<i  by  Ucl>atera  curves  of  the  velocity  of  the  flow  in  the  rort>- 
nar>'  arteries.  As  shown  in  i-ig.  215,  the  grejit  acceleration  [a]  in 
velocity  at  the  l>eginniiig  of  systole  is  quickly  followed  by  a  drop  to 
zero  (ft)  or  even  a  negative  value, — that  is,  a  flow  in  the  other  direc- 
tion, toward  the  aorta.  At  the  end  of  the  first  (relaxation)  pha* 
of  dijst*jle  there  is  again  a  smlden  increase  iii  velocity  (c).  cor^^ 
spondin^  with  the  injection  of  the  arteries  from  the  aorta,  followed 
again  hy  a  dei-rease  at  the  end  of  the  diastole  at  the  time  when  the 
ventricular  cavity  is  filled  with  venous  bhxKl  under  some  pressure. 
Porter,  moreover,  has  shown  in  an  interesting  series  of  exj>eriinenw 
that  when  a  piece  of  the  ventricle  is  kept  beating,  by  supplying  it 
with  blootl  through  its  nutrient  artery  from  a  reservoir  at  con- 
stant pressure,  each  systole  causes  a  jet  of   blood  from  theaev- 


^'^«    r" 
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Fir.  2IA.— SimultnDPuus  record  uf  rhe  blood-pn-asiin?  (A)  and  the  blood-vpJ* icily  (W 
ID  th«  comDar^  arterieH  {Chattoeau  and  Rf4trU*t) :  a.  Markfi  th«  beginning  of  the  cystota 
(there  ia  a  rine  id  pnuMure  and  in  velocity) :  b.  markn  a  seciind  rue  of  proteurc  {A)  am  t» 
tlu  ^OHUre  of  the  onrnnar>'  (rapillariefl  by  the  crmtracting  veotriple  (at  thi«  aiomant  in  0 
tiie  Vttloiuty  TaUs  off  mijitlly) ;  r,  curve  (H)  »hcjwj>i  an  iiicrcajw  in  velocity  dua  to  the  opM- 
InC  of  the  amall  coranary  veanebt  at  the  beginning  of  diaatole. 


ered  ve&scls  at  the  margin  of  the  piece.     In  fact,  the  rhythmical 
aqueeze  of  its  own  vessels  during  systole  aceelerates  effectively  the 
coronar>'  circulation.    The  volume  of  blood  flowing  through  thej 
heart  vessels  inrreiises  with  the  frequency  or  the  force  of  the  beat, 
since  each  systole  empties  the  coronar>'  system  more  or  less  conn 
pletely  toward  the  venous  side  and  at  each  diastole  the  distended! 
aorta  r|uipkly  fills  the  empty  vessel. 

The  Suction-pump  Action  of  the  Heart. — So  far  in  con- 
sidering the  mechanics  of  the  circulation  attention  has  lieen  directed 
only  to  the  force-pump  action  of  the  hejirt..  All  of  the  ener^'  of  thei 
circulation,  the  velocity  of  the  How  and  the  internal  pressure,  has 
been  referred  to  the  force  of  contraftion  of  the  ventricles  as  the 
main  cause,  and  to  certain  accessory  factors,  such  as  the  respiratory 
movements  and  the  contractions  of  the  skeletal  muscles,  as  subsid- 
iary causes.   It  is  possible,  however,  that  the  heart  may  also  act  as 
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A  suction-pump,  sucking  in  blcK)d  from  the  venous  side  in  conse- 
quence of  an  active  dilatation.  Acconling  to  this  view,  the  heart 
works  after  the  manner  of  a  sjringe  bulb,  which  when  squeezed 
forces  out  liquid  from  one  end  and  when  relaxed  sucks  it  in  from 
the  other  in  consequence  of  its  elastic  dilatation.  While  this  view 
ha*  long  been  entertjiined,  modem  interest  in  it  was  aroused  chiefly 
periutps  by  the  experiments  of  Goltz  and  Gaule.  which  showed  that 
Mi  some  point  in  the  heart  beat  there  is  or  may  be  a  strong  negative 
pressure  in  the  interior  of  the  ventricles.*  Their  methoi!  consisted 
io  oonnecting  a  manometer  with  the  interior  of  the  ventricle  and 
ioterpofiing  between  the  two  a  valve  tluit  opened  only  toward  the 
heart.  The  manometer  was  thus  convcrte*!  into  a  minimum 
manometer,  which  registered  the  lowest  pressure  reached  dtiring 
the  period  of  observation.  By  this  metho<l  they  and  others  have 
shown  that  in  an  animal  (dog)  with  an  opened  thorax  the  pressure 
in  the  interior  of  the  ventricles  ma}*  l>e  negative  to  an  extent  equal 
to  20,  ^iO.  or  even  5i)  mms.  of  mercury.  Moreover,  by  the  use  of 
some  form  of  elastic  nmnometer,  such  as  the  Hiirthle  instniment 
(p.  462),  it  has  been  shown  that  this  negative  pressure  occurs  at  the 
flod  of  the  perifxl  of  relaxation,  at  the  time,  therefore,  at  wliich  it 
might  be  supjxjsed  to  exert  a  nmrke<l  influence  upon  the  inflow  of 
venous  blood.  It  should  be  added,  however,  that  a  negative 
pressure  can  not  be  shown  for  ever>'  heart  lx»at.  It  may  l>e  aljsent 
altogether  or  slight  in  amount,  var>'ing.  no  doubt,  with  the  force  of 
contraction  and  the  condition  of  the  heart.  Physiologists  have 
attempted  to  determine  the  cause  of  this  negative  pressure  and  the 
extent  of  its  influence  on  tlie  blood-flow.  With  regard  to  the  first 
question,  so  many  answers  have  l>een  proprised  that  it  b  diflicult 
to  arrive  at  a  satisfactor)'  opinion.  According  to  some,  the  heart 
tends  to  dilate  at  the  end  of  its  systole  by  virtue  of  its  own  elasticity, 
— that  is,  the  elasticity  of  its  own  musculature  or  of  the  connective 
tissue  contained  in  it^  substance,  for  example,  beneath  the  eo- 
doeardium,  in  the  walls  of  the  arteries,  etc.  This  view,  however, 
finds  little  or  no  support  frouj  direct  experiments  made  upon  the 
fresh,  hving  heart.  If  such  a  heart  in  a  bloodless  condition  is 
squeezed  by  hand  there  is  no  evidence  of  an  elastic  recoil  as  in  the 
case  of  a  syringe  bulb.  Others  have  explained  the  n^ative  pressure 
as  due  not  to  a  simple  elastic  expansion,  but  to  what  may  be 
called  a  physiological  expansion, — that  is,  an  expansion  due  to 
physiological  processes,  such  as  anabolic  changes.  Such  a  view, 
however,  is  at  present  more  or  less  speculative  and  can  not  be  con- 
clusively demonstrated.    Still  others  have  traced  the  expansion  of 

•  For  a  complete  discussion  of  thbi  subject  and  tho  literature  .lee  the  ar- 
n  Ebatein,  "  Die  Diastole  dee  Herzens,"  in  the  "  Ljgebnisse  der  Phjrtt- 
,*•  voL  iii,  part  ii,  lOOI. 
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the  ventricle  and  the  resulting  negative  pressure  to  the  sudden  in- 
jection of  the  coronary  system  from  the  aorta  at  the  l>eginiung  trf 
diastole.    The  heart  in  contracting  exerts  a  force  greater  than  that 
of  the  blood  in  the  coronary  vessels,  and  probably,  therefore,  diesn 
vessels  are  emptied  and  their  caNTties  obliterated  in  part.    At  the 
beginning  of  i:iia,stolc  they  are  reinjected  with  blood  under  a  pressure 
of  perhaps  100  nuns,  of  mercury,  and  this  fact  seems  to  offer  a 
prohal)le  explanation  for  a  partial  dilatation  of  the  ventricular  cavitj' 
and  a  production  of  negative  pressiu^  in  the  brief  internal  before  the 
ojxining  of  tlie  auriculo-ventricular  valv&s.     Xo  view,  however,  hw 
met  with  general  acf  eptaiice,  and  the  cause  or  causes  that  pnjduce  the 
negative  intraventricular  pressure  are  still  a  subject  for  invest!^ 
tion.    Regarding  the  second  question  proposed  above.— namely, 
the  extent  of  the  influence  of  this  negative  pressure  on  the  flow 
of  venous  blood  to  the  ventricles, — much  diversity  of  opinion  afao 
exists.     Diref^t    exi)eriments   made   by    Martin   and    Donaldson* 
indicate  that  this  factor  lias  little  or  no  actual  influence  upon  the 
venous  flow.    These  authors  used  an  isolated  dog's  heart  kepi 
l>eating  by  an  artificial  supply  of  blootl.     At  a  given  moment  the 
stream  of  blood  into  the  vena  i^ava  was  shut  off  and  tlie  auricle  nf 
the  heart  was  lirought  into  communication  with  a   U  tul>e  filled 
with  blood.     It  was  found  that  the  auricle  took  blood  from  this 
tube  only  so  long  as  the  pressure  in  it  was  positive.     Although  tha 
heart  continued  to  beat  vigorously,  *vhatever  negative  pressure  \\rA 
present  in  the  \'entricle  was   imable  to  suck  any    bloiwl  into  the 
auricle  from  the  U  tul>e.     Porterf  also  has  shown  that  at  the  tin** 
of  a  strong  negative  pressure  in  the  ventricle  the  auricle  may  giv 
little  or  no  e\ideiice  of  a  similar  fall  in  pressure.     It  would  se^ 
most  probable,  therefore,  that  the  negati\'e  pressure  observe** I  under 
certain  conditions  in  the  ventricles  is  a  fleeting  jihemmienon,  and 
disappears  with  the  entrance  of  the  first  portion  of  the  blood  frxm^l 
the  auricles.     Wliile  it  may  l>e  of  value  in  accelerating  the  op^'Jiing^ 
of  the  auricuhvventrifular  valves,  itb'  influence  does  not  extend  to  an 
actual  suction  of  the  blood  from  th*^  veins  towani  the  heart.     ( Ml 
authore.  however,  on  theoretical  groun<ls  attribute  more  jiciiml 
portance  to  the  negative  pressure  as  a  factor  in  moving  the  bh 

Occlusion  of   the  Coronary  Vessels.-  The    coronar\' 
supply  th(^  [issues  of  the  heart  with  nutrition,  including  oxygen, 
80  Llmi  if  the  circulation  is  interrupted  the  normal  contractions  soo^| 
cease.     The  branches  of  the  large  coronaries  form  what  are  know^B 
as  terminal  arteries. — that  is,  each  supplies  a  separate  region  of  the 


ry 

Hopkins  rniversitv.*'  4,  37,   1887:    aUo  Martin's  "  PhysioIoKJcal   Papew, 


*  Martitj  and  DonaldMui,  "Studies  from  the  Biologirul  Laboratory,  Ja\ 
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Baltimore,   I89r».     See  also,  for  confirmatory  rcsulu,  von  den  Velden 
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kture,  and  although  auastomose^i  nmy  exist  they  apj^ear 
to  be  too  incomplete  to  allow  u  rollatera-I  eireulation  to  1h^  p,stal>- 
Lslted  when  one  i»f  tlie  niain  arteries  is  oeehiiletl.  The  portion  of 
the  heart  supplied  by  it  dies,  or  to  use  the  patholo^^ical  tenu,  under- 
goes neerosis.  On  aecount  of  the  pathological  interests  involved  — 
the  knowTi  serioufi  resuhs  that  may  foUowocrhision  of  any  of  the  coro- 
nary vessels  oreven  any  interference  witli  the  n()nnal  .stnief ure  of  the 
vessels  a  number  of  investigations  have  been  made  upon  animtds 
lo  determine  the  effect  of  oechuling  one  or  more  of  the  coronary 
veasels*  It  would  seem  from  I'orter's  experiments  that  the  results 
of  such  an  operation  var>'  according  to  the  size  of  the  area  deprived 
of  its  bliMHl.  When  the  arteria  septi  alone  was  oecluded  the  heart 
was  not  alTected,  when  the  arteria  coronaria  dextra  was  occlude<i 
the  ventricular  contractions  were  arrested  in  18  per  cent,  of  the 
cases  ob9er\'ed.  Occhision  of  the  rannis  de.scendens  of  the  left 
enronar>*  arterv'  caiLsed  arrest  of  the  ventricles  in  5(>  jkt  font,  of  the 
cases.  wJiile  occlusion  of  the  cireumiiex  branch  of  the  same  artcr>' 
caused  arrest  in  SO  per  cent,  of  the  cases.  Ligation  of  three  of  the 
arteries  cati8e<l  stoppage  of  the  heart  in  all  cases. 

Fibrillar  Contractions.  -The  arrest  of  the  ventricles  in  the 
experiments  just  <iescril>ed  followed  immediately  or  within  a  short 
period,  and  the  ventricles  went  into  fibrillar  contractions.  In  this 
curious  condition  the  various  fibers  of  the  ventricular  muscle,  in- 
at«ad  of  contnicting  together  in  a  co-ordinated  fashion,  contmct 
separately  and  irrejojlarly ;  so  that  the  surface  of  the  ventricle  has 
the  appearance  of  a  vibrating,  twitching  mass.  Such  a  contlition 
in  the  ventricle  is  usually  fatal, — that  is,  the  musculature  is  not  able 
to  recover  its  co-ordinated  movement.  This  contlition  nmy  come 
on  with  great  suddenness  as  the  result  of  occlusion  of  the  arteries, 
of  injm^^  to  certain  parts  of  the  heart,  or  from  strong  electrical 
stimulation.  Fibrillation  of  the  auricles  also  occurs  frequently 
under  exj>erimental  comiilioas,  but  the  musculature  in  this  part  of 
the  heart  seems  to  be  able  to  return  to  its  normal  co-ordinated 
conlr»ctioas  with  much  less  difhtulty.  The  cause  of  the  sudden 
change  from  co-ordinated  to  fibrillar  contractions  has  never  l>een 
satisfactorily  explained.  In  this  connection  it  is  interesting  to 
recall  also  that  when  any  injury  is  done  to  either  ventricle  suf- 
ficient to  stop  the  contractions  or  cause  fibrillation  l>oth  ventricles 
stop  together.  This  result  b*  doubtless  due  to  the  fa<'t  that  their 
mtisculature  is,  after  all.  one  set  of  fibers  common  lo  Ixith  chambers. 

•  For  a  tlesoription  of  roHulU  and  the  literature  f-ee  Porter,  "  Jounia!  of 
PkysioloKy,"  15,  121,  1893;  also  "Jourual  of  ExperimeiUid  Minlicine,"  1,  I, 
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CHAPTER  XXTX. 

THE  CAUSE  AND  THE  SEQUENCE  OF  THE  HEART 
BEAT-PROPERTIES  OF  THE  HEART  MUSCLE. 


General  Statement.— The  cause  of  the  heart  beat  has  natiiraDy 
constituted  one  of  the  fundainental  oliject^  of  physiological  inquin*. 
The  various  views  that  have  been  proposed  in  different  cenluriw 
reflect  more  or  less  accurately  the  advancement  of  the  science. 
With  each  new  tliscoverv'  of  general  significance  a  new  j>oint  of  view 
is  obtaineil  and  the  theories  of  the  henrt  l>eat.  like  those  of  the  other 
great  problems  of  physiolog)',  shift  their  standpoint  from  gencraiioTi 
to  generation.    The  general  modern  conception  of  tliis  problem 
is  referred   usually  to   Haller  (1757),  who  first  taught  that  the 
activity  of  the  heart  is  not  dependent  on  its  connections  with  the 
central  nervoius  system.    As  we  shall  see,  the  heart  beat  is  controlled 
and  influenced  constantly  by  the  central  nervous  system,  but  ncve^ 
theless  the  important  point  has  l^een  est^vblished  beyond  question 
that  the  heart  continues  to  beat  when  all  these  ner^'oiis  connections! 
are  severed.    The  centml  nervf>us  system  regulates  the  activity  d\ 
the  heart,  but  has  nothing  to  do  with  the  caiise  of  its  rhythmic! 
contractions.    The  heart,  in  other  words,  is  an  automatic  oi 
When  in  1S48  Remak  discovered  that  nen'e  cells  are  contained  in' 
the  frog's  hciirt  it  wiis  natural  that  the  causation  of  the  l>eat  should 
be   attribute<l   to  this  tissue.     Sidjsequent   histological    work   \i&s 
demonstnited  the  existence  of  numerous  nerve  cells  in  the  substan( 
of  the  heart  tissue  of  all  vertebrates,  and  the  ^new  that  the  &i 
tomaticity  of  the  heart  is  due  in  realit>'  to  the  properties  of  th 
contained    nen*e   cells  was   the  j^revalcnt   view   throughout   th( 
middle  and  latter  part  of  the  nineteenth  centur>'.    In  the  latter  pai 
of  the  centur>'  an  opposite  view  arose. — namely,  that  the  muscular^ 
tissue  of   the  heart   itiself   jxtssesses  the   property   of  automatic 
rhythmical  contractility.     Both  these  points  of  view  persist  to  day. 
The  theory  that  refers  the  au tomaticity  of  the  heart  beat  to  the 
contained  nerve  cells  is  designated  as  the  neurogenic  theor>*  of  tl 
heart  beat;   the  one  tliat  refers  this  pro|jerty  to  the  muscle  ti; 
itself  is  known  as  the  myogenic  theory.    Beyond  tliis  (|ue,stion  li< 
the  still  deeper  problem  of  the  explanation  of  the  automatiritj 
itself,  the  cause  or  causes  of  the  rtiythmical  excitation,  whethi 
occurring  primarily  in  the  muscle  cells  or  in  the  uer\'e  cells. 
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Hie  (lividitifc  l>n<"  betwc^-ti  tlie  uncii-nt  and  the  niodeni  views  of  the  heart 
beat  !*=■  fctmd  in  iho  work  of  Wilham  Hurvey  (11128).     Before  his  time  pliyti- 
cianH  thought  along  the  hnes  laid  down  by  the  iinoient  rnaslers,  HiprHKrates, 
Ari«totle,  and  (ialeti,  in  thut    they  behevoil  that  The  diu^itole  of  the  heart  is 
the  ftctive  pari  of  the  l)cat.     They  believed  that  the  heart  dilated  at  the  mo- 
ment of  the  apex  beat,  the  dilatation  being  due  to  the  implanted  lieat,  the 
%-itai  ^irittt,  a  sjiecial  pulttatile  force,  etc.     The  arteries  dilate<l  at  the  8ame 
time  for  a  similar  reason.     For  a  period  of  over  twct  thnuKand  years  men's 
minds  were  ao  cliaiu(*d  to  thin  belief  that  they  api>arently  could  take  no  nther 
view.      Harvey,   liowever,   hnd  tlie  boldness  and  originiUily   to  look   at    the 
liter  differetilly.     He  saw  and  provetl  thai  the  aetivi*  movement  of  the  heart 
•tt  contraction  during  f*yntole,  wliicli  drives  blttoil  out  of  the  ventricles  into  the 
e«,  antl  CT^ns*tpn*ntly  tliat  the  inil.'^e  nf  the  arteries  i.«  not   due  to  their 
active  ditntnlion.  bm  to  a  distension  ny  the  bloiid  forced  into  them.      Har\'ey 
may  Ix*  eonsidered  also  as  the  founder  of  the  myogtmie  theor>'  of   the  lieart 
For  although  he  did  not  speculate  eoneernini;  the  caiiN.>  nf  the  beat, 
lAUglit  that  the  systtile  is  an  active  pontruetion  of  thr  henrt's  own  mn.Hoii- 
Iftttire  mil  dependent   upon  any  external  influence.      In  the  same  century  the 
finst  nrumgenir  hy|K)lhrsif4  wa-**  fnnniilatcd.      Wilhs  conceived  that   th»-  ccre- 
>ir-lliim  controls  the  activity  of  the  involuntary  orpanK,  including  the  ficjirt. 
Tlie  animal  spirit!*  engendered  in  the  eerelK-Uum  were  conveyetl  to  the  heart 
by   tiie  vagiw  nene  and  eaus<'d  its  Ix-at.      Horelli   formulated  a  .*tomewh:it 
different  view.     Aeeonling  to  him  the  nerve  juice,  Hueeus  spirit uoms.  elabo- 
nit<.<d  in  the  central  ne^^'oul*  system  was  transmittetl  to  the  heart  through  the 
cardiac  ner\'es  and,  distilling  slowly  into  the  museidature.  Fet  up  an  ebmlition 
wliirb  cr\UM.Hl  an  active  expansion  of  tlie  filler*.     ThJH  t'\p:in>'ion  coustituted 
the  ^y^tole  and  drove  the  (»loi>d  out  of  tlie  heart,      Hot}iof  tlie*;c  \  iews  were 
disproved  or  rendered  inipn>bable  largely  by  the  work  of  Haller.  who  in  17.)7 
published  the  second  myogenic  theory  In  a  form  whicli,  somewluit  mtuhfied. 
prvvaiU  to-dav.     Haller  believed  that  the  contraction  of  the  heart  i«  due  to  the 
mhrrenl  irritabihtyof  its  musculature,  and  that  thevenoua  blood  as  it  enters 
the  iM-art  sitimulate^  it  to  etmtraction.      Haller'n  views  were  generally  accepted 
for  f^ttnt  veare.  liut  some  phy-iiologistscontinuetl  to  l»elievp  that  the  heart  wat 
in  conlrofled  directly  by  the  central  ner\'oU8  system.     This  theory  found  it« 
most  definite  expression  in  the  work  of  Lt^allois,  1812.  who  advanced  wliat 
may  Im*  called  the  s*»conil  neurogenic  hi-polheais.     From  experiment*  made 
upon  animals  he  concluded  tliat  the  principle  or  force  that  caujse«  the  heart 
lieat  i»  fonneil  in  the  .'«pinul  cord,  in  all  of  its  jiarts,  ai»d  rciiehes  the  heart 
through  the  branches  of  the  Hj'mpatliet  ic  nerve  Hupplying  this  organ.  T^^galloiit's 
cunHuftiona  were  poon  shown  to  l»e  erroneous,  but  the  eeneral  view  advocated 
b)'  hini  wa*  entertaineil  by  some  as  late  a«  the  miildle  of  the  mth  centurj-, 
in  fact  tmtil  exiM^rimental  physiology  had  demfmstrated  the  true  functionf^ 
«>f  Uie  vafi\is  and  aecclenilor  nerves  with  reference  to  the  heurt.     Towiird  tlie 
middle  of  the  I'Jth  century  a  third  form  of  neurogenic  hyi>olhesis  arowe,  which 
in  the  beginning  s<,'em^  to  have  been  due  to  the  work  or  the  sj'stem  of  Hiehat. 
.\rct>r«ling  *<>  ihif  author  the  gunglii>nic  or  symymtlietic  system  suppli*^  the 
tii**ur-*  of  the  organic  life,  meaning  thereby  the  visceral  organs  which  are  not 
imder  the  direct  influence  of  llie  will.     In  1844  Reniak   discovered  that    the 
hfrart  |^«ip«<.'3*v"*  intrinsic  nerve  ganglia,  anti  this  fact  seem**  to  have  induced  mn^t 
nhyMolivgisti*  t<j  I>elieve  that  tlie.se  ^^anglia  conBlitute  a  motor  center  for  the 
Iwart,  initiating  and  eo-onlinating  it«  beat.     For  a  period  of  forty  years  llii» 
form  i»f  the  neunigenic  hyiKithe^is  enjoyed  almost  universal  acceptance.      In 
ISSl-S,'i<iaskell  publi'theil  e\[teriments ui)on  the  heart  of  the  frog  and  tortoise 
in  which  he  gave  stronp  reas7>ns  for  believing  tliat  the  beat  is  myogenic  in 
Otifciti,  ami  that  the  intnnsic  ganglia  are  simply  a  part  of  the  inhibiton*  ai>- 
parntiiji  of  the  heart.     Since  that  time  nmny  physiologistj)  have  adonted  the 
myogenic  view,  and  the  current  anrument^  tending  to  8up|H)rl  this  nither  than 
the  neiirogenic  hypothesis  are  prej^entetl  in  the  text.      The  most    sigTufieant 
~^^ition  to  our  knowledge  of  the  eau'^**  nf  the  lieart  beat  made    during   the 
cjuartrr  of  a  century  is  the  di^eoverj'  that  the  inorganic  salt*  of  the  oIckxI 
and  Ij'niph  piny*  special   and   essential   role.      The   factj*  bearing  upon  this 
int43Tflting  uiacovery  are  sufficiently  deseriljod  in  the  text. 
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The  Neurogenic  Theory  of  the  Heart  Beat. — The  literature 
upon  this  topic  is  very  large.*  The  ueurogcnic  theory  has  suffered 
some  changes  in  its  details  since  first  proposed  by  VolkmaDn, 
particularly  in  the  specific  functions  assigned  to  the  different  gao^ta 
that  exist  in  the  heart.  In  general,  however,  the  theory  aseuines 
that  the  excitation  to  each  l>eat  arises  within  the  ner\'e  cells,  and 
since  the  cardiac  cycle  l>egins  with  a  contraction  at  what  may  Ir 
called  the  venous  end  of  the  heart,— that  is,  at  the  junction  of  the 
veins  with  the  auricles, — it  is  assumed  that  the  excitjition  orinnpr 
stimulus  arises  in  the  nerve  cells  situated  in  this  region.  These  celb 
constitute,  therefore,  what  may  be  ealleil  the  automatic  avm 
center  of  the  heart.  The  stimuli  generated  within  it  are  transnutted 
through  its  axons  first  to  the  musculature  of  the  venous  end  o{ 
the  heart.  I'he  su^'sequent  orderly  march  of  this  contraction, t" 
auricles  and  then  to  ventricles,  is  also  upon  this  theory  usually 
attributed  to  the  intrinsic  ner\'e  cells  and  fibers.  Through  a  definite 
mechanism  the  impulses  generatetl  in  the  motor  center  are  trans- 
mitted to  subordinate  nene  centers  through  which  the  auricle? are 
excited,  and  then  to  other  nerve  cells  lying  in  or  near  the  aiuiculo- 


or 

I 


the  projicrty  of  automaticity  is  chiefly  developed  and  sul>ordinate 
centers  whose  activity  usually  dej^ends  ujx)n  the  princifml  center, 
but  which  may  show  automatic  properties  of  a  lower  order  if  the^ 
connections  between  them  and  the  main  center  are  interniptetLS 
This  intrinsic  nervous  system  is  res]x)nsihlc  not  only  for  the  s|jod- 
tancotis  origination  and  nonual  sequence  of  the  l)eat.  but  also  for 
its   co-ordiiuititju.     The   many    museidar    filjers   of    the    ventricl 
contract  normally  in  a  <lcfinite  manner  and  sequence,  so  that  thei| 
effect  is  sunmiated,     Umler  abnormal  conditions  the  fibers  maj 
contract  iiTegularly,  giving  the  so-ealled  fdui liar  contractions  of  the* 
heart,  which  are  int'o-ordinate(i.      It  may   be  s;iid  that  this  con- 
ception of  the  connections  of  the  intrinsic  nervous  system  reel 
mainly   upon   tleductions   from    physiological    experiments.     Tl 
histological  details  regarding  the  connections  of  the  nerve  cells  in  tl 
heart  are  not  yet  suflTiciently  known.  !)Ut  it  can  not  be  said  at  present 
that  they  give  any  positive  sup|>ort  to  such  a  view.     In  regard 
the  neurogenic  theor>'  the  following  general  statements  may  Ik?  madel 
1.  Most  of  the  ver>'  numerous  facts  known  regarding  the  heai 

*  For  recent  eeneral  present  iitiona  from  different  NtandimintAseei'ia.skrI 
artit'le  on  "The  Contraction  of  Cardiac  Mu.<icle,"  in  Schafer','*  "Text-book  ( 
Phv^iolog>',"  vol.  ii,  1900;  Lanpentlorff.  *' Her2nia'*kel  und  inirakardiaJe  Ii 
nen-ation''  in  "Ergebnisae  der  Phvsinlojrie,"  vol.  i.  iwirt  n,  1902;  andCyo 
"  L'innen  atiou  du  ctrur,"  Richet's  "  Dictioniiaire  uu  Pliysiologie,"  vol.  ii 
1900. 
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beat  and  its  variations  under  experimental  comlitions  may  be 
explained  in  tcnns  of  tlie  theor>%  or  at  least  do  not  contradict  it. 
1*he  same  statement,  however,  may  \>e  nia<ie  reganling  the  myogenic 
theory.  Both  theories  may  be  applied  successfully  from  a  logical 
standpoint  t^  the  explanation  of  known  facts. 

2.  No  single  fact  is  knowii  which  can  l>e  cite<l  as  positive  proof 
that  the  nen'es  participate  in  tlu^  production  of  the  noniial  l>eat 
of  the  vert<?bnitc  heart.  Ihe  exfR-riiiient  by  Ivrouecker  anti  S<:hniey 
is  sometimes  g:iven  this  significance.  These  observers  have  shown 
that,  when  a  needle  is  thrust  into  a  certain  spot  in  the  dog's 
ventricle,  the  regidarly  rontmcting  heart  falls  suddenly  into  fibrillar 
contractions  so  far  as  the  ventricles  are  concerned.  The  ex- 
periment is  certainly  a  striking  and  intere^sting  one.  The  needle 
may  be  thnist  many  times  into  certain  j:x>rtions  of  the  muscu- 
lar mass  without  affecting  the  powerful  co-ordinated  contractions, 
but  in  the  region  specified  by  Ivronecker  a  single  punctiu"e.  if 
it  peaches  the  right  spot,  causes  the  ventricle  Ui  fall  into  ir- 
regular fibrillar  twitches  from  which  it  does  not  recover.  The 
spot  as  de9cril>ed  by  Kmnecker  is  along  tlie  Fine  of  the  septum  at  the 
lower  border  of  its  upixr  third.  The  experiment  frefiucntly  fails; 
and  it  would  seem  that  there  must  Ix?  a  definite  and  quite  circum- 
scribed gtructure  whose  lesion  produces  the  effect  de^ribed.  We 
have  no  evidence  as  yet  what  this  structure  is,  and  are  therefore  in 
no  condition  to  make  positive  inferences  with  regard  to  the  bearing 
of  the  experiment  upon  the  origin  of  the  heart  beat.  Carlson* 
lias  <lescriljed  experiment's  upon  the  heart  of  the  horseshoe  crab 
(Limulus)  which  seem  lo  show  conclusively  that  in  this  animal 
the  rhx'thmical  contra<*tioa<3  are  dependent  upon  the  intrinsic  nerve 
cells.  These  latter  ai-e  placed  8uj)erficially,  forming  a  cord  that 
;  runs  the  length  of  the  tul»ular  heart.  Wtien  this  cord  is  removed 
I  the  heart  <*ea.ses  to  l>eat.  There  are  reasons,  however,  which  at 
\  present  make  it  doubtful  whether  we  can  apply  the  results  of  this 
I  experiment  to  the  vertebrate  heart.  The  cnistacean  heart  differs 
from  the  vertebrate  heart  in  its  fundamental  projjerties;  unlike  the 
latter,  it  has  no  refractor}'  perioil  (see  p.  523),  can  l»e  tetanized,  and 
pxes  submaximal  contract  ions,  t  It  is  a  tissue,  therefore,  that 
resembkw  in  its  properties  ordinary  skeletal  muscle  in  the  verte- 
brate, and.  like  this  muscle,  it  seems  to  be  lacking  in  automaticity. 
Carlson's  experiments  give,  however,  another  instance  of  automatic 
rhv-thmicity  in  nerve  tissue,  and  to  that  extent  support  the  neuro- 
genic tbeor>'. 

The  Myogenic  Theory  of  the  Heart  Beat.— The  myogenic 

•Carton,  "American  Joumo]  of  Physiolc»gy."  12,  67,  and  471,  1905, 
t  Hunt.  Bookraaii,  aiul  Tiemev,  "Ccntralblatt  f.  Phy&iologie,''  II,  275, 
J»97. 
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theon^  has  Ijecn  developed  cliiefly  by  Gaskell  and  by  EngelmaniL 
It  asKUines  that  the  heart  niusele  itself  possesses  the  property  of 
automatic  rhythniicity  and  that  this  property  is  most  highly  lif- 
veloped  at  the  venotis  end.  This  portion  of  the  hearty  therefore, 
contracts  hrst  and  the  wave  of  contraction  spreads  directly  to  the 
niusnihitim*  of  the  auricle  and  thence  to  tliat  of  the  ventricle.  'i\w 
quickly  beating  ^'cuous  end  sets  the  pace,  as  it  were,  for  the  entire 
heart.  The  nerve  cells  and  nerve  fibers  that  are  present  in  the  heart 
are  ujjon  tliis  theor>'  supposed  to  he  connected  with  the  exlrinaie 
nerves  through  wliich  the  rate  and  force  of  tlie  heart  U-at  are  regu- 
lated, but  they  are  not  concerned  in  the  production  of  the  licat. 
Many  exijerinietilal  facts  have  been  accumulated  which  give 
pmhability  to  this  view,  and  it  has  been  adopted  by  inany,  perhaps 
most,  of  the  recent  workers  in  this  field.  Some  of  the  facts  that 
favor  this  theijry  are  as  follows: 

1.  The  aniitomi(!aI  arranxenient  of  the  musculature  of  the 
heart  is  not  opjMjscil  t^  sucli  a  theor>'.  It  was  formerly  stated  quite 
positively  that  there  is  no  muscular  connection  between  the  auriclea 
and  ventrirlf^  in  the  mammalian  heart,  but  a  number  of  ol>son.'eis 
have  now  demonstrated  the  existence  of  a  m\iscular  bridge,  the 
auriculo-vcntrictilar  bundle,  between  the  two  chambers  (see  p.  496). 

2.  The  fact  tliat  a  contraction  started  at  one  part  of  the  heart  ■ 
may  travel  to  otlier  portions  through  the  intervening  musculatim  ■ 
may  be  said  to  be  demoastratei:!.     Thus.  Engclmami  has  shown 
that  if  the  ventricle  in  the  frog's  heart  is  cut  in  a  zigzag  fashion, 
eo  that  striixs  are  obtainefl  which  are  connected  only  by  narrow 
bridges,  a  stimulation  applied  at  one  end  start.s  a  wave  of  con- 
traction whicfi  ]>ro[)agatcs  il.self  over  all  of  the  pieces.     This  and 
similar  experiments  scarcely  permit  of  explanation  on  the  supp<,>si- 
tion  that  conduction  from  piece  to  i>iecc  is  effected  by  a  defini 
nervous  mechanism.    So  too  it  has  (jeen  shown  that  imder  ce: 
conditions  the  normal  auriculo-ventricular  rhythm  can  1^  chan 
at  will  to  a  ventrictilo-auricuhir  rhythm.     If.  for  insiiince,  a  ligjiiure 
1m?  tied  arounrl  the  frog's  heart  between  the  sinus  venosus  and  the 
auricle  (first  ligature  of  Stannius)  the  auricle  and  ventricle  cease 
to  beat.     In  this  quiescent  condition  a  slight  mechanical  stirouhis 
to  the  ventricle  causes  it  to  l^eat  and  its  contraction  is  immediately, 

he  auricle.     A  similar  reverse<l  rhythm  i 
mammalian   heart   \mder  suitable   con<htions. 


followed  by  that  of  the  auricle 

obtained   from   the 

Such  an  experiment  makes  it  most  probable  that  the  contractioa 

is  propagated   from  one   chaml»er  to  the  other  directly   thmu 

the  muscular  connections.     It  i**  not  possible  at  present  to  couceiv 

that  a  definite  irjechanism  of  neurons  should  woik  thus  in  eith 

direction. 

3.  There  is  much  probable  proof  that  the  heart  muscle  tiss 
possesses  the  property  of  automatk  xUvlKiuvcal  contraction*.    Ex- 
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perimentd,  initiate*!  Iiy  Ciaskell  ami  since  extended  by  numerous 
-^beerven^,  f?how  that  in  the  oold-liliXHled  animuls  strips  of  heart 
^IDUt^lo  taken  from  various  parts  of  the  heart  will  under  proper 
conditions  develop  rhythmical  contractions.  It  is  ver>-  improbable 
thttt  each  of  these  strips,  no  matter-  how  made,  contains  its  own 
re^dent  nerve  cells  or  nerve  tissue  which  avX  as  a  motor  center. 
Thes?e  results  seem  to  den\onstrate  an  inherent  prf>|ierty  of  rhythm- 
icity  in  canliac  muscle,  whether  or  not  this  rhjihmicily  is  directly 
reepon.'^ible  for  the  normal  1>eat. 

4.  It  has  l>een  shown  that  in  the  emhr>*o  chick  the  heart  pul- 
ihtes  nonnally  )>efore  llie  nerve  cells  have  growu  ittto  it,  ami  it 
is  stateii  that  in  the  hearts  of  a  number  of  invertebnites  no  nei^'e 
cells  e&n  be  found.  .Much  weight  can  not  be  given,  iiowever.  to 
negative  e^*idence  of  this  kind,  since,  in  the  first  place,  better 
technical  methods  ma\'  dennMistrate  the  existence  of  such  cells, 
and  even  if  absent  fmrn  tlie  liearl  itself  it  is  conceivable  that  they 
may  be  present  in  the  siirmundin^  tissue  and  send  their  fibers 
to  the  heart.  It  is  evident  from  thia  brief  and  im|jerfect  presenta- 
tion that  it  is  not  ])ossible  to  claim  ttiat  either  the  neurogenic  or 
tLe  myogenic  theory  is  demonstrated,  but  most  jjh>'siologist8  per- 
haps at  present  l>elieve  that  the  latter  view  is  more  in  accord 
with  the  facts.* 

Automaticity  of  the  Heart. — As  was  said  af>ove,  the  ques- 
tion of  the  cause  or  causes  of  the  automatic  rhythmical  con- 
tract ioasnmst  Ik?  sought  for  whether  tlie  j)hcnomenon  tumsout  to 
be  a  property  of  the  muscular  tissue  or  of  the  iier\'ous  tissue  of  the 
hciirt.  When  we  say  that  a  given  tissue  Ls  automatic  we  mean 
that  the  stimuli  which  excite  it  to  activity  arise  within  the  ti.ssue 
itself,  and  an*  not  brought  to  it  through  extrinsic  ner^*es.  In  the 
heart,  therefore,  we  assume  that  a  stimulus  is  contintially  l>cing 
produceil.and  wesi>eakof  it  as  the  inner stimxdvs.  Experiment  and' 
speculation  have  been  directed  toward  unraveling  the  nature  of 
this  inner  stimulus.  Most  of  tlie  physiologists  who  have  expressed 
an  opinion  upon  the  subject  have  sought  an  explanation  in  the 
comjjosit  ion  of  the  bloo<i  or  lymph  bat  hing  the  heart  tis.sue,  or  in  the 
products  of  metal)olLsm  of  the  tissue  itself.  Regarding  this  latter 
view  there  is  nothing  of  the  nature  of  ilirect  experimental  evidence 
in  iti*  favor.  No  proiluct.  of  the  nietalxilism  of  the  heart  tissue 
capable  of  exerting  this  stimulating  effect  has  l>een  isolated.  In 
regard  to  the  former  view,  that  the  inner  stimulus  is  connected 
with  a  definite  comi)osition  of  the  blood  or  lymph,  there  has  l^een 
w>asiderable  experimental  work  which  is  of  fundamental  signifi- 

ce.     While  the  older  physiologists  pai<l  attention  mainly  to  the 


For  a  compromise  view,  partly  myogenic  ami  partly  neurogenic,  see 
'Archives  intenuitionales  de  Phyaiologie. "  1 
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organic  siilistanres  in  the  blotxl.  it  hris  \*eex\  shown  in  recent  year? 
that  the  inorgiinic  salts  are  the  elements  whose  influence  upon 
the  heart  ijeat  Is  most  striking.  These  salts  are  in  solution  in  the 
liquid  of  the  tissue,  ami  are  therefore  probahly  more  or  less  wun- 
pletely  ionized.  Attention  ha«  l>een  directed  mainly  to  the  influeace 
of  the  metallic  ions,  the  rations,  of  which  three  are  especially 
important . — namely,  tlie  sodium,  the  calcuim,  and  the  potassium. 

The  Action  of  the  Calcium,  Potassium,  and  Sodium  Ions  in 
the  Blood  and  Lymph. — It  Ims  long  l>een  known  that  the  heart 
of  a  frog  or  tenupin  may  lie  kept  beating  normally  for  houre  after 
removal  from  the  body,  proxided  it  is  supplied  with  an  artificial 
circulation  of  blood  or  lymphs  so  arranged  that  tliis  liquid  entea 
the  heart  through  the  veins  from  a  reservoir  of  some  sort  and  is 
pumped  oat  through  the  arteries  leading  from  the  Aentriclc,  It 
was  first  shown  by  Merunowicz,  working  untler  Ludwig's  direction, 
that  an  aqueous  extract  of  the  ash  of  the  blood  poesessefi  a  similar 
action. 

Ringer  afterwards  proved  that  the  frog's  heart  can  lie  kepi 
beating  for  long  periods  upon  a  mixtiire  of  sotlium  chlorid.  potassium 
chlorid,  and  calcium  phosphate  or  chlorid,  and  he  hiid  especial 
stress  upon  the  importance  of  the  calcium.  This  work  was  after- 
wanls  c(mfirme<i  and  extended  by  Howell^  Loeb,  and  others,  who 
attemfjted  to  analyze  the  part  played  by  the  several  ior»s.*  If 
a  frog's  or  terrapin's  heart  is  fed  with  a  solution  of  physiological 
saline  (NaCl,  0.7  per  cent.)  it  beats  well  for  a  while,  but  the 
beats  soon  weaken  and  gradually  fade  out.  If  in  this  condition 
the  heart  is  fed  with  a  proper  mixture  of  soilium,  potassium, 
and  calcium  chloridn  it  liojitH  vigorously  and  well  for  ver>'  many 
hours.  A  solution  cfmfjiining  these  three  saltfi  in  proper  propor- 
tions is  known  usually  an  Ringer's  mixture.  The  exact  com- 
position has  i>een  varied  by  different  workers,  but  for  the  heart 
of  the  frog  or  terrapin  the  following  compasition  is  most  effective; 

NaCI =   0.7      per  cent. 

KCl =0.03     "       " 

CaCl =  0.025  "       " 

The  addition  of  a  trace  of  alkali,  HNaCX),,  0.003  per  cen 
often  increases  the  eflfectiveness  of  the  solution,  but  it  can  not  be 
considered  an  essential  constituent  in  the  same  sense  as  sodium, 
potassium,  and  calcium.  It  has  been  shown,  moreover,  that  even 
the  mammalian  heart  can  lie  kept  beating  for  long  periods  whea 
fed  with  a  Rmger  solution  if  provision  is  made  for  a  larger  supplyj 

*  For  HU'ratun'  ami  (liscu.»ision  see  Howell,  '*  American  Joumn]  of  Phy 
ioloRy/'  1*.  47.  ISUS.  and  G,  181,  IV»01,  and  ''Jounml  of  the  Amerii-sin  MeiJi'nU' 
ARaociation, "  I'JOG. 
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of  oxygen  than  can  be  obtained  by  simple  exposure  to  the  air. 
For  the  irrigiitbn  of  the  Lsolatetl  mnmmalian  heart  different 
forms  of  Ilinger's  solution  have  been  employed,  but  the  mixture 
most  frequently  used  is  that  recoinniended  by  I.oeke,  eonsistiug 
of  NaCl.  0.9  per  cent.;  CaCl,,  0.024  per  cent.;  KCl,  0.042  per 
eent.;  NaHCO^,  0.01  to  0.0:J  per  rent.;  and  dextrose,  0.1  per  cent. 
The  solution  is  fed  to  the  heart  under  nn  atmosjiheiT  of  oxytjen, 
and  with  this  solution  Lo<kc  and  othei-s  have  kept  the  mammalian 
hcATt  beating  for  many  houi-s.  The  dextrose,  while  not  essential 
to  the  action  of  the  irrigatinjs:  liquid,  is  said  to  inorea.se  its  efficiency. 
The  genera)  fact  that  comes  out  of  these  experiment-s  Is  that  the 
heart  can  l)eat  for  ver>'  long  perio<is  upon  what  lias  l)een  called 
an  inorganic  diet.  Moreover,  the  salts  that  are  used  cannot  be 
chosen  at  random;  it  is  necessary  to  have  salts  of  the  three  metals 
named,  imd  substitution  is  passible  only  to  a  very  limited  extent. 
Thus,  sirfmlium  salts  may  replace  those  of  calcium  more  or  less 
perfectly. 

It  is  evident  that  these  salts  play  some  ver>-  important  part 
in  the  production  of  the  rhythmical  beat  of  the  heart;  and  analysis 
UMjbown  that   the  soilium,   calcium,   and   potassium  has  each 
PJVOij^bcia}  r6le.     We  may  say  that   the  presence  of  these  salts 
[in  normal  proiwrtions  is  an  al>solute  necessity  for  heart  activity. 
La  striking  experiment  which  shows  the  import:mce  of  the  calcium 
■I  to   irrigate    a   terrapin's    heart    with    blood    from   which  the 
realcium  has  been  removed  by  precipitation  with  sodium  oxalate. 
In  spile  of  the  fact  that  all  other  constituents  of  the  blofxl  are 
present  the  heart  ceases  to  beat,  and  normal  contractions  can  Ijc 
'  st4irted  again  promptly  by  adding  calcium  chlorid  in  right  amounts 
!  to  the  oxalated  blood.    Regarding  the  specific  part  taken  by  each 
I  of  the  cations  in  the  production  of  the  alternate  contractions  and 
i  relaxations,  much  diversity  of  opinion  exists,  owing  to  our  ignorance 
of  the  chemical  changes  going  on  in  the  heart  during  systole  and 
diastole  and  to  the  difficulty  of  controlling  exjjerimental  conditions. 
Thus,  while  it  is  an  easy  matter  to  control  accurately  the  com- 
position of  the  liquids  supplied  to  the  lieart.  a  variable  and  uncon- 
trollable factor  is  introduced  by  the  fact  that  within  the  tissue 
elements  themselves  there  is  a  store  of  combined  calcium,  [xitassium. 
and  sodium  which  may  sen'e  to  supply  these  elements  to  a  greater 
or  teee  extent  to  the  tissue  li<)uids. 

The  controversial  tletails  upon  this  question  cannot  be  presented 
in  an  elementar>'  IxKjk.  but  the  following  brief  statements  may 
be  made  regarding  one  view  of  the  sperific  effects  of  the  separate 
rations:  (I)  The  sodlimi  salts  in  the  blood  and  lymph  take  the 
chief  part  in  the  maintenance  of  normal  osmotic  pressure.    The 
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sodium  chloric!  exists  in  blood-plasmu  to  the  extent  of  0.5  to  0.6 
per  cent.,  and  the  normal  osmotic  pressure  of  the  blootl  is  mainly 
dci>emleiit  upon  it.  A  solution  of  sodium  chlorid  of  0.7  to  0.9  prr 
cent,  forms  what  is  knowni  as  physiological  saline,  and  althoiigii 
not  adequate  to  maintain  the  normal  composition  and  properties 
of  the  tissues  it  fulfills  this  purpose  more  perfectly  than  the  solution 
of  any  other  .single  substance.  The  sodium  ions  have  in  addition 
a  specific  influence  upon  the  state  of  the  heart  tissue.  C'Ontractiliiy 
and  irntability  disappear  when  they  aiv  al>sem:  when  present  al^nie, 
in  physiolopcal  concentration,  in  the  medium  bathing  the  heart  mu*- 
eles  they  protluce  relaxation  of  the  muscle  tissue.  (2)  The  calcium 
ions  are  present  in  relatively  very  small  quantities  in  the  blood,  but 
they  also  are  absolutely  necesi^ary  to  contraclilily  and  irritability. 
When  present  in  quantities  above  normal  or  when  in  a  propor- 
tional excess  over  the  sodium  or  potjissium  ions  they  cause  a  con- 
dition of  tonic  contraction  that  has  been  desigiiated  as  calcium 
rigor.  (3)  The  ]X)tassium  ions  are  present  also  in  ver^*  small  quan* 
tities,  and,  unlike  the  calcium  and  sodium  ions,  their  presence  in 
tlie  circulating  liquid  does  not  seem  to  be  absolutely  necessary  to  ■ 
rhythmical  activity.  I'nder  proper  conditions  a  terrapin's  heart 
beats  well  for  a  time  upon  a  solution  containing  only  sodium  and 
calcium  salts.  The  potassium  seems  to  promote  relaxation  of  the 
muscle  and  in  physiological  doses  it  exercises  through  this  effect 
a  rejndatiiig  influence  ufx^n  the  rate  of  beat.  When  the  profxtrtion 
of  potassium  ions  is  increased  the  heart  rate  is  proportionally 
slowed,  and  ruially  the  contractions  cease  altogether,  the  heart 
coming  to  rest  in  a  state  of  extreme  relaxation,  known  sometimes 
as  potassium  inhibition.  (4)  It  apjjears  from  these  statements 
that  there  is  a  well-marked  antagonism  Ixjtween  the  ofTects  of  the 
calcium,  on  the  one  hand,  and  the  jwtassium  and  sodium,  on  the 
other.  The  calcium  j>romotes  a  state  of  contraction,  the  sodium 
and  the  pf)tii.ssium  a  state  of  relaxation.  It  is  conceivable,  there- 
fore, that  the  alternate  states  of  contraction  and  relaxation  which 
characterize  the  rhylhmiral  action  of  heart  muscle  arc  connected 
in  soniR  way  witli  an  hiteraction  of  an  alternating  kind  IxHwcen 
the.Hp  inns  and  the  living  contractile  sul>stance  of  the  heart.  It  id 
impossible  to  say  pf>3itively  whether  or  not  the  inorganic  saltAJ 
are  directly  connected  with  the  cause  of  tlie  l>eat, — tliat  is,  with 
the  ongination  rtf  the  inner  stimulus.  According  to  one  point  of 
view,  they  are  necessary  nnly  to  the  irritability  and  contractility 
of  the  heart  tissue.  The  inner  stimu[\is  is  produced  otherwise 
by  some  unknown  reaction,  but  it  is  not  able  to  cause  a  contractioa 
of  the  heart  muscle  in  the  at>sence  of  the  proper  inorganic  salts. 
According  to  anotlier  view,  the  reaction  of  these  ions  with  the 
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living  siilwtance  constitutes  or  leads  to  the  development   of  the 
innpr  i^timviluM. 

Physiological  Properties  of  Cardiac  Muscle. — Cardiac  muscle 
exhiWitfi  certain  properties  which  distinguish  it  sliarply  from  skeletal 
muscular  tissue  and  which  have  a  direct  bearing  uix)n  the  rhyth- 
micity  of  the  contractions  and  the  sequence  shown  by  the  different 
chaml)ere.  The  most  characteristic  of  these  properties  are  the 
following : 

1.  Thr  contractions  of  heart  miisdi'  are  aluyj;fs  niaxirrwl.  In 
skeletal  muscle  and  in  plain  muscle  the  extent  of  contraction  is 
related  to  the  stn^n^h  of  the  stimulus,  and  we  recopnize  the  exis- 
tence of  a  scries  of  submaximal  contractions  of  vaninp  heights. 
TTiis  is  not  tme  of  heart,  muscle.  As  was  first  sliown  by  Bow- 
ditch,  a  piece  of  ventricular  muscle  when  stimulatetl  responds,  if 
it  resjwnds  at  all,  with  a  maximal  contmction.  The  a\ye\  of  a 
frog's  heart  does  not  licat  spontaneously,  but  contracts  ujum 
electrical  stimulation.  If  such  an  ai>cx  is  ronnecteil  witli  a  lever 
to  re^ster  its  contractions,  and  the  electrical  stimuhis  applied  to 
it  is  grad\ially  increasetl,  the  first  contraction  to  api)ear  is  maxi- 
mal, and  it  is  not  further  increased  by  augmenting  the  stimulus. 
This  property  is  sometimes  tiescribed  by  saying  (llanvier)  that 
the  contTaction  of  the  heart  muscle  is  all  or  none.  This  fact 
must  not,  however,  be  interpreted  to  mean  that  the  force  of 
contraction  of  heart  muscle  is  invariable  under  all  conditions. 
Such  is  not  the  case.  The  heart  muscle  imder  favorable  nutritive 
conditions  may  give  a  mucli  larger  and  more  forcible  contraction 
than  is  possible  under  conditions  of  poor  nutrition;  but  the  point 
is,  that,  whatever  may  be  the  condition  of  the  muscle  at  any 
given  moment,  its  contraction  in  resjxjnse  to  artificial  stinndation 
is  maximal  for  that  condition, — that  is.  df»es  not  vary  with  the 
strength  of  the  stimulus.  As  was  said  aljove,  this  pro|)erty  is  not 
e3diibited  by  the  crustacean  (lobster)  heart,  but  lias  been  shown 
to  Ije  tnie  for  the  mammalian  heart  muscle  * 

2.  Thr  refractory  perkni  of  thr  btat.  It  was  shown  by  Mareyt  that 
the  heart  nmR4'le  is  irritable  to  artificial  (electrical)  stimuli  only 
during  the  |>eriml  of  dia.stole.  During  theperio<l  ofsA'stole  an  elec- 
trical stimulus  has  no  effect;  during  the  |)eriod  of  diastole  such  a 
stimidus  calls  forth  an  extra  contraction  and  the  latent  period 
preceding  the  extm  c(mtraction  is  shorter  the  later  the  stimulus  is 
appliefl  in  the  diastolic  phase.  This  relationshi|)  is  well  shown  by 
Marey's  ctir\-es  reproduced  in  Fig,  216.  The  f)eriod  of  inexcitaliility 
is  designated  as  the  refractory  period  of  the  heart  beat.     Marey 

•  For  experiment!*  on  manunaliaii  heart  ami  literature,  cee  Woodworth. 
"American  Journal  of  Ptivsiologv."  8,  213,  I9<)3. 
t  lUrev.  "TravBux  dii  laboratoire,"  1876,  p.  73. 
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define<l  this  refmcton*  pericKi  us  falling  within  the  first  pari  of  the 
systole,  and  stated  that  its  duration  varies  with  the  actual  strength 


Fig.  216.— To  -^low  th*  t>«9Ct  ai  %.  idkort  elMtriciil  irtimulus  fcppHed  at  aiff«r*nt  time* 
in  the  h«art  bi»iit.— (.Varrw)  The  record  b  Xaketi  from  the  frog's  b«*rt.  In  \.  2.  msn\  3  lb* 
tttinmlu.-^  {«)  fftlU  into  clw  heart  durioK  flVKiole  (refractorj-  i»pnod)  and  ha«  do  effect,      in 

wiU  be 

^ ^ B^xdkn  '■» 

Shorter  the  kxiRer  Ibie  Jbwtoie"  h»a  'pmoeded  before  the  stiniuliui  i*  applied. 


tttinmlu.-^  {«)  fftlw  into  tlw  heart  dunni  flVKtoie  (reiniict*»r>-  i»cnoa;  ana  na«  no  ent 
■4.  5.  6,  7,  and  H  the  ctimulim  (oIIh  into  the  iMwrl  l4>wiird  tlie  eud  of  0y»tnl«  or  durinc  f 
and  i«  fnllowtsl  \iy  an  extra  f«yi«tole  and  correepon-tinK  efunpensatocy  nuw.  It 
note<l  that  the  lat«t)t  period  (lihaded  an»>  between  ib«  BtimuluB  and  the  enirm  aj 
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of  rhe  ■•tiniiilus.  Later  experiments  by  other  investigators  make  it 
prr)l):ilile  that  the  refraotun-  |x?rio(i  lasts  during  prat'ticiilly  the  entire 
systole.*  According  to  this  point  of  view,  therefore,  the  heart  mn.sole 
during  its  period  of  actual  contraclioa  is  entirely  unirritable,  and  in 
lhi»  res|)e<T  it  offere  a  striking  difTei^nce  to  skeletal  and  plain  muscle. 
l*he  existence  of  this  refrui'tor>*  perioii  explains  why  the  heart 
muscle  cannot  be  thrown  into  complete  tetanic  contract ion.s  by 
rapidly  rei>eated  stimuli.  Since  each  contraction  is  accompanied 
by  a  conililion  of  lots  of  irritability,  it  is  obvious  that  those  stimuli 
that  fall  into  the  heart  during  this  period  must  prove  inefFective. 
T1  on-  period  and  the  gradual  increase  in  irritnbilily  ^luiing 

ibf  ■*  may  throw  some  light  al.^o  on  the  rhythmical  <'harncter 

of  the  be^t.  The  occurrence  of  the  refractoiy  jjeriod  and  the 
subfiequent  gradual  return  of  irritabihty  are  connected  no  tloubt 
with  the  niptalMjlic  changes  taking  place  in  the  heart  muscle.  It 
is  in  the  churucler  of  this  Hxelalx»li.sm  that  we  must  seek  for  the 
final  cxpbiniition  of  these  two  phenomena  and  the  cause  of  the 
rh>^hmicily  of  the  contractions.  As  wiis  stated  ulx>ve,  it  has  l>een 
shown  that  the  crustacean  (loUster)  heart  muscle  does  not  ol»ey  the 
all-or-Done  law,  shows  no  refractor^'  period,  and  is  capable  of 
tetanic  contractions  when  rapidly  stimulated.  In  all  these 
it  (UfTers  from  the  typical  heart  muscle  of  the  vertebrate, 
btit  the  diflerence  is  perhaps  stifficiently  explained  by  the  (iiHco\'ery 
(p.  517^  that  the  cnistacean  heart,  in  one  form  at  least,  i.s  not  an 
automatically  rh\'thmical  tissue.  lt.s  rhythmical  contractions,  like 
(host*  of  the  diaphragmatic  rau.scle  in  the  higher  vertebrates,  depend 
upon  rh>ihmical  impuLsca  receiveti  from  nerve  centers. 


The  Compensatory  Pause. — It  has  Iwen  ulisen-ed  that  wlieu  an  extra 
tile  U  i>n>*luif.l  hy  stinmUitiiig  a  ventricle  it  U  followeii  !)>■  a  pau^^e  loii(fer 
tintiHl;  ill)-  paiL'^,  in  (:wt,  Lh  of  suvU  a  leng:th  ^ift  to  curnpcii.saic  exactly 
the  rxtm  lieat ;  so  that  the  total  rate  of  l>eat  retiiains  the  name.  Tlie  pro- 
IrtriL'i^'I  [1:111-*'  miller  ihe^e  coiuiitionj*  is  therefore  frequpntly  ilesiKnate*!  as  the 
r<K'  iMtiuw.      It  has  Ijeeti  flhown.t  however,  that  the  exact  comjjcn- 

ftAi  •  ra*'e  i.**  n<»t  referable  to  a  pro|>erty  of  heart  inasole,  but  it*  due  to 

ihc  <ie|n'(tiiciire  i»f  tl»e  ventricular  upon  the  aiiricuhir  t>eat.  When  the  auricle 
or  venlrirle  is  isolated  and  Ntimulatcii  the  rhcnomcnon  of  exact  compen^iation 
is  [.  '  Mxi.  In  an  entin'  heart,  on  the  contniry,  the  l>eat  uncinates  at 
til-  ml  uf  the  auricle  ami  i«  pntpapaletl  to  the  ventricle.      If  tlie  latter 

.;*^:  »  ^limulatetl  so  aa  to  pve  an  extra  lieat  out  of  8e<juence  it  will  remain 
until  the  next  aunculur  l>ejit  stimulates  it,  and  wilt  thus  pick  up 
|«g(llhr  wquenee  of  the  hrart  lM>at. 

The  Normal  Sequence  of  the  Heart  Beat. — The  normal 
rhythm  of  the  licjut  l)eat  ia  first  a  contraction  of  the  auricles,  then 
one  of  the  ventricles,  or  probably  first  the  mouths  of  the  great  veins. 
then  atiricle  and  ventricle.    This  sequence  from  venous  to  arterial 

•  See  paper  by  Wiiodworth.  ioc^  ciV.  Also  Schults,  "American  Joumat  of 
PhysioloiQ. •*  UKW,  xvi..  483. 

truBTmy  and  Matlhewj*.  "Journal  of  Physiology."  21.  227.  1897. 
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end  is  l)eautifuily  shown  in  the  frog's  heart,  in  which  the  contractioD 
begins  in  tlie  sinus  ventisus,  spreads  to  the  auricles,  thence  to  the 
ventricle,   mu\   Jiiiully    to   the   hulhiis   arteriosus.     Under  normal 
conditions  this  se(|ucnce  is  never  reversed,  anfi  an  explanation  of 
the  natural  onler  forms  obviously  an  important  part  of  any  complete 
t}iec*ry  of  the  heart  beat.     'J'hose  who  hold  to  the  neurogenic  theon* 
naturally  explain  the   sequence  of   the  beat  by  reference  to  liie 
intrinsic  nervous  ai)paratus.      If  the  motor  ganglm  lie  toward  the 
venous  end  of  the  heart  one  can  imagine  that  their  disehar^s  may 
affect  the  different   chambers   in  secjuence,   the   pause  between 
auricular  and  ventrictdar  contraction  lieing  due,  let  us  say.  to  the 
fact  that  the  motor  impulses  to  the  ventricle  have  to  act  through 
subordinate  nerve  cells  in  the  auriculo-ventricular  region,  and , the 
time  necessary-  for   this  action  brings  the   ventricular  contraction 
a  certain  interval  later  than  that  of  the  auricle.     There  is  no 
immediate  proof  or  disproof  of  such  a  view.    The  numerous  exper- 
iments  made  upon    the  rapidity  of    conduction  of  the  wave  of 
contraction  over  the  heart  are  not  conclusive  either  for  or  against 
the  view.    The  fact ,  liowever,  that  in  the  quiescent  but  still  irritable 
heart  the  rhythm  may  be  reversed  by  artificially  stimulating  the 
ventricle  first  seems  Ut  the  author  to  sjjeak  strcmgly  against  tlie 
dependence  of   the  setptence   u]X)n   any   definite  arrangement  of 
neuron  complexes.     On  the  myogenic  theorj'  the  sequence  of  the 
heart  beat  is  accoimted  for  readily  by  relatively  simj^le  assumptions, 
ttaskel!  ancl  Engehiiann  have  each  laid  empha.sis  ujion  the  fact^in 
tliis  poiuiection.  and  t!ie  application  of  the  myogenic  theory  to  llie 
explanation  of  the  normal  sc<iuence  of  contractions  forms  one  of  its 
most  attractive  features.    Gaskell  assumes*  that  the  rhythmical 
fKiwer  of  the  muscle  at  the  venous  end  is  greater  than  that  at  the 
ventricular  vnd, — that  is,  if  pieces  from  the  two  ends  are  examiofii 
sepanitely  it  will  be  found  that  the  sjxmtaneous  rhytlim  of   the 
tissue  from  the  venous  end  is  more  rapitl.     This  iK>rtion  of  the 
heart,  therefore,  l>eating  more  rajndly,  soXs  the  rhythm  for  th» 
whole  organ,  since  a  contraction  started  at  the  venous  end  will 
profMigate  itself  from  chamlier  to  chamber.    The  pause  between  the 
contractions    of    the-   successive    chambers — between   auricle  ami 
ventricle,  for  instance — is  due,  in  the  heart  of  the  tortoise,  to  the 
fact  that  the  muscular  tissue  at  the  junction  of  auricle  and  ventricle 
has  a  relatively  low  rate  of  conduction.    At  this  point,  indeetl, 
the  muscular  fil>ers  fonu  a  ring  around  the  orifice,  preservin, 
therefore,  the  arrangement  found  in  the  embr>'o  at  the  time  tha 
the  heart  lias  the  form  of  a  tube.    Gaskell  lias  giv'en  reasons  foi 
Iwlieving  that  the  conduction  of  the  wave  of  contraction  is  slow 

*(;:i--skell,  "Journal  nf  Plivsiolopy,"  4,  61,  1883;    also  vol.  ii,  p.  ld(V 
Schifer'a  "Text-book  of  Phy.siulogy;'  1900. 
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iroiigh  this  ring.  In  the  mammalian  heart  the  direct  ronduction 
of  the  wave  of  contraction  from  auricle  t^  ventricle  through  interven- 
ing muscular  tissue  is  made  quite  possible,  since  so  many  indepen- 
dent ohsen'ers  have  estahlishe<i  the  existence  of  a  connecting 
bundle  (p.  496).  If  with  (Jaskell  we  assume  that  the  conduction 
through  this  Uundle  is  slower  than  it  is  over  the  surface  of  the  auricle 
or  ventricle,  then  the  pause  between  auricular  and  ventricular 
syst<»le  is  sufficiently  explained.  That  each  cJiamber  of  the  he4irt  has 
a  rhythm  of  its  own  and  that  the  rhythm  of  the  venous  end  is  the 
more  rapid  and  constitutes  the  rhythm  of  the  intact  heart  has  been 
shown  in  various  ways  upon  the  hearts  of  different  animals.  Thus, 
Tigerstedt  has  devi.sed  an  instrument,  the  atriotome,*  by  means  of 
which  the  connections  between  auricle  and  ventricle  may  be 
crushed  without  hemorrhage.  Under  such  conditions  the  ventricle 
continues  to  lx?at,  but  with  a  much  slower  rhytlim  and  with  a 
rhythm  entirely  independent  of  that  of  the  auricles.  The  same  re- 
sult has  been  obtained  recently  in  a  very  striking  way  by  Erianger. 
This  observer  arranged  a  clamp  by  means  of  which  he  could  com- 
press the  small  bundle  of  fibers  connecting  auricle  and  ventricle. 
When  the  compression  is  made  the  ventricle,  after  an  intervaK 
exhibits  a  slower  rhythm  and  one  entirely  independent  of  that  of 
the  auricles.  When  the  compression  is  removed  the  ventricle  falls 
in  again  with  the  auricular  rhythm.  By  variations  in  the  pressure 
upon  the  bundle  int^Tmediate  conditions  may  ]>e  obtainctl  in  which 
the  ''block"  between  auricle  and  ventricle  is  only  partial,  and  in 
which,  therefore,  the  ^'entricula^  systole  follf»ws  regidarly  every 
second  or  third  auricular  contraction.  When  the  *' block"  is  com- 
plete the  ventricular  rhythm  ceases  to  have  any  definite  relation- 
ship to  that  of  the  auricle,  it  beats  entirely  independently  and  its 
rate  is  slower  than  that  of  the  auricle.  It  is  interesting  to  remember 
that  cases  of  complete  or  partial  heart  block  occur  in  man.  In 
the  condition  known  as  the  Stokes-Adams  syndrome  the  striking 
featiu^  in  addition  to  attacks  of  syncope  is  a  i:)ermancntly  slowetl 
pulse,  the  heart  heat  falling  to  30  or  20  beats  per  minute  or  lower. 
Erianger  has  shown  that  in  such  cases  there  may  be  complete  or 
partial  heart  block.  In  the  fonner  condition  the  rhythm  of  the 
ventricle  is  entirely  independent  of  that  of  the  auricle  and  of  course 
much  .slower.  Tlie  ventricles  may  be  beating  at  27  per  minute  and 
the  auricles  at  IK).  In  partial  block  the  ratio  l)etween  the  ventric- 
ular and  auricular  rale  is  definite,  every  second  or  third  auricular 
beat  being  followed  by  a  ventricular  s>-stole  (see  Fig.  217).  The 
lesion  producing  this  condition  has  not  been  determined  in  many 
cases,  but  it  is  pmbable  that  the  trouble  will  lie  found  in  the  auriculo- 
*See  "  Lebrbucli  tier  Phyaiologie  des  KreislatifeB,"  1S93. 
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veiitriculur  buruile,  wliifh  constitutes  the  physiological  link  con- 
necting  the   auricles  and   ventricles.* 

In  the  hearts  of  tJie  rokI-blo<xieti  aniniab  the  same  general 
results  are  rcatHly  obtained  when  the  tissue  Iietween  the  tlifferent 
chanil>ers  is  compres-scfl  or  <iestmyed.  In  the  frog's  heart,  for 
instance,  if  one  ties  a  ligature  (first  ligature  of  StAnniua)  l^tween 
the  sinus  venosus  and  the  auricle,  the  auricle  and  ventricle  ceaae 
beating  while  the  siruis  fontinuos  pulsating  with  itii  normal  rhythm. 
I^ter  the  auricle  and  ventricle  may  commence  l>eating  again,  but 
if  this  happens  their  rhythm  is  slower  than  that  of  the  sinus  and 
indejx'ndent  of  it.  Hn  in  the  terrapin's  heart,  in  which  the  sequence 
of  heat  is  so  beautifully  exhibited,  if  one  ties  a  ligature  Ijetween 
auricle  and  ventricle,  or  cuts  off  the  ventricle  entirely,  the  sinus 
venosua  and  auricle  continue  Ideating  at  their  normal  rhythm,  whilel 


Fig.  2\~, — C-ardioffTom  from  a  oaae  of  Stokoa-Adantftiiiwa.* 
<1,  2)  to  paoh  venlrioular  heal. —{Erlantfer.}     "' 


The  time-refmrd  tnarka  mths  oC  a   -^ci'tuj. 


the  ventricle  remains  usually  entii-ely  quiescent  so  long  a^  normaf 
blood  Mows  ihmugh  it.  It  would  seem  from  these  facts  that  in  the 
miimm:iliaii  heart  the  ventricle  when  dis<*onnected  from  the  auricle 
is  capable  of  maintaining  a  fairly  rapid  rhythm  of  its  own.  At  the 
other  extreme,  the  terrapin's  ventricle  when  similarly  treats!  shows 
no  spontaneous  beats  at  all.  These  and  many  other  facts  that 
might  be  quoted  support  well  the  general  view  projxised  by  Gaskrll. 
that  the  venous  enil  of  the  heart  possesses  the  greater  rlu'thmical 
power  and  starts  the  heart  beat,  and  that  the  wave  of  contractim 
is  propagates!  frotn  chaml>er  to  chamber  through  the  intervening 
muscular  subsianue. 

There  reinaiiis  a  deeper  question  a*  to  what  ocfRsions  this  greater  rh>'lh- 
mioitv  at  tlio  \enmis  eml,— a  question  that  is,  of  course,  bouml  u\^  wiih  the 
I)ro[)brii  of  the  ultimate  cause  nr  i-*iinli1,ionp  of  automatic  rhjthinirily,  In 
roiittrTtinti  witli  rliis  latter  pmblfiii  the  ab^hite  necessity  of  tlie  presejice  of 
certain  inorKanic  salts  in  certain  proportions  lia;^  been  empha-sizfti.  In  thii 
same  general  line  tlie  uuthor  I»as  called  attention  to  the  fact  that  in  the  ter- 
rapin the  aniinmt  of  potassium  -alts  present  in  the  blood  explains  in  itself 
why  the  sinu.s  sets  the  Jieart  rate.  In  bloixl.  or  in  Ringer'-*  w>lution  con- 
taining potassium  salta  in  the  Hiiiiic  amount'*  as  blootl.  the  venlricular  mujvle 
is  not  automatically  contractile;  the  sinus  end  of  the  heart,  on  the  contrary', 
beat«  w'ell  in  such  m<Hlia,  while  an  increa^*?  in  the  potaaHiiuu  content*  mil 

♦See   Krlanger,   ".loiimal  of  Kxperimcntal  Medicine."   1905.  vii..   1906, 
viii.,  and  •'American  Journal  of  Phyaiology,"  1906,  x\'.  and  xvi. 


-t  -    -^Sl.'" 


PROPERTIES  OF  THE  HEART  MUSCLE. 


529 


fcriniE  it  to  rort  also.  In  tliii^  aiiimal,  therefore,  the  amount  of  potajBdiiun  ia 
theblood  is  to  Adapter)  thnt  it  hohU  the  ventricuJar  end  entirely  quie«oent. 
[n  the  mammalian  ncart  it  may  l>e  ai^sumed  tUnl  the  anioiiiit  of  pntoa^siuni  id 
■uffirient  to  keep  the  spoil l&ueouii  rhytliin  of  the  vciitriile  sluwer  than  that 
of  the  auricles  or  veins,  and  therefore  bubonlinates  the  rhytlmi  of  tlie  wliole 
heart  to  that  of  the  venoui*  end.  In  the  terraj)in's  heart,  at  lea>t,  the  re- 
mova}  or  reduction  of  tlie  potatt^ium  or  the  increase  of  liie  caJciuin  may  lead 
to  ma  independent  ventricular  rhythm  — the  beat  of  the  heart  becomes  arhyth- 
micaJ. 

The  Tonicity  of  the  Heart  Muscle. — In  describmg  the  phys- 
iology* of  skeletal  and  plain  muscle  attention  was  called  to  their 
property  of  tonicity. — that  jsroperty  by  means  of  which  they  remain 
in  a  more  or  legs  permanent  although  variable  comlition  of  con- 
traction. So  far  as  the  skeletal  muscles  are  concerned,  this  con- 
dition b  dependent  upon  their  comiections  with  the  nervous  system. 
Cut  the  motor  ner\'e,  or  destroy  the  motor  center,  and  the  muscle 
its  tone,— becomes  com]>letely   relaxed.    Tonicity  or  tonic 

vity  is  therefore  characteristic  oi  tlie  motor  ner\'e  centers,  and 
b  due,  no  doubt,  to  a  more  or  leas  continuous  inflow  of  sensorj' 
impulses  into  those  centers.  The  tonus  of  tlie  nen'e  centers  is  a 
reflex  tonus.  In  the  plain  muscle  the  condition  of  tonus  is  ali*o 
marked.  The  blootl-vessels.  the  blailder,  the  various  viscera  are 
rarely,  if  ever,  entirely  relaxed  for  any  length  of  time.  This  tonus 
is  also  dependent^  in  many  cases,  upon  a  constant  inneryation 
through  the  motor  nerves,  but  after  these  latter  have  been  destroyed 
the  plain  muscle  still  .sliows  this  proiierty  of  tonicity.  So  in  the 
heart  muscle  the  power  to  maintain  a  certain  dep-ee  of  contraction, 
a  certain  state  <»f  muscle  tension  quite  independently  of  the  sharp 
SA'stolic  contractions,  is  very  characteristic.  At  the  end  of  a  normal 
diastole,  for  example,  the  ventricle  is  not  entirely  relaxed,  it  retains 
a  certain  amount  of  tonicity  as  compareil  with  its  condition  when 
inhibit^l  through  the  vagus  nerve  or  when  ilead.  'I'he  degree  of 
this  tonicity  determines,  of  course,  the  size  of  the  ventricular 
«i\ity  and  the  extent  of  the  charge  it  will  take  from  the  auricles. 
Like  the  property  of  rhythmicity,  that  of  tonicity  is  most  develof)ed 
at  the  venous  en<l  of  the  heart.  At  leiust  this  is  the  case  y-ith  the 
heart  of  the  cold-bloodetl  aniinala  upon  which  this  property  has 
been  studied  most  carefully.  The  ventricle  of  the  terrapin,  or 
strips  excised  from  the  ventricle  and  suspende*]  so  that  their  move- 
ments can  be  recnrde<^l»  often  var>'  greatly  in  length  with  differences 
in  condition.  These  variations  are  due  to  changes  in  tone.  Not 
infrequently  these  changes  take  on  a  rhythmical  character;  so 
that  if  the  ventricle  is  beating  one  sees  upon  the  record  regular 
tone  waves,  an  .Tltemate  slow  shortening  and  slow  relaxation  quite 
independent  of  the  rhythmical  beats.    The  tissue  of  the  auricle  and 
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especially  of  the  sinus  venosus  exhiliite  this  property  to  a  much 
more  marked  extent  (see  Fig.  218).  The  tone. — that  ia,  the  length 
of  the  piece, — if  in  strips,  or  the  capacity  of  the  chamber,  if  used 
entire,  is  continually  (^hanging  and  oftentimtis  in  a  riiytlmiical 
way.  Fann*  has  imulv.  a  ti\HH.'m\  study  of  tliis  property  and  \m 
8i]ggeste<I  that  the  tone  changes  or  contractions  may  be  due  lo 
the  activity  of  a  substjince  in  tlie  he^rt  different  from  that  which 
mediates  the  ordinary'  contractions.  Botazzif  suggests  that,  white 
the  usual  sharp  systolic  contraction  is  due  to  the  croas-striat^d 
(anisotropous)  suLstaiiue,  the  slower  tone  changes  nfiav  be  due 


Fie.  218  ^To  show  tone  waves  in  heart  mue«l«.  Th*  reconl  shows  cootnMton*  aJ  • 
Btrip  ni  tlic  dnii:*  vtrtosu.'*  (teirapin'H  heart)  suspendod  in  a  trnth  of  blood<wrum.  InvliU- 
tton  to  the  tiharT)  cuiilrHcliuuK  marked  by  the  Imea  there  are  longer,  WHve-like  ahnrtMUQp 
iLTitl  relaxaliuDB.  irreguUi  iii  cb&rmctcr,  which  are  due  to  variation;  in  tone. 


to  the  undifTerentiated  sarcoplasm.  However  this  may  he,  tl 
prof>erty  of  tonicity  is  an  inijx)rtant  one  in  the  physiolog>'  of  iljc 
heart  and  of  the  other  visceral  organs.  Through  it  a  certain  tensioD 
of  the  inuficulature  is  niaint^inetl,  and  tlie  size  of  the  canties  is 
contnilled.  The  pro|>tn1y  may  be  of  special  regulative  value  in 
the  large  veins  where  the}  open  into  the  auricles,  but  at  present 
we  have  little  potiitive  knowledge  of  the  conditions  that  control 
the  tonicity,  of  the  extent  of  its  regulating  action  normally,  tir 
of  the  extent  of  lis  derangement  under  patholo^eal  conditions. 

*  Fano,  'Beithipe  ziir  Phyaiologie."     C.  Ludwig,  eu  s.  70  (letturt«tJU» 
ge^vitl.     I-eipzig,  IW. 

t  "  Journal  of  Physiology-,"  21,  1,  1897* 


The  heart  receives  two  sets  of  efferent  nerve  fibers  from  the 
central  nervous  system.  One  set  rea<'hea  the  heart  thn)iigh  the 
VN0Ua  nerves,  and,  since  their  activity  sIowh  ur  sU)[>s  the  heart 
beat,  they  are  sjjoken  of  as  the  inhibitory  nerve  fillers.  The  other 
aet  paaaes  to  the  heart  by  way  of  the  syni^iathotic  chuin,  and  since 
their  activity  accelerates  or  augments  the  he^rt  l>eat  they  arc 
<lesi^!;nate(l  usually  as  the  lurrlcraUir  ner\'e  filers.  In  addition  the 
heart  is  providetl  with  a  set  of  afferent  nerve  fibers.  Kegaaling 
the  functional  activity  of  these  latter  filx^ra,  our  experimental 
knowledge  is  limited  to  the  fact  that  when  excited  they  cause  a 
fall  of  blood-pressure  by  rettex  action  upon  the  vasomotor  center. 
For  this  reason  they  are  <lei3cril>eti  as  depressor  nerve  fibers.  These 
latter  fibers  may  nm  as  a  separate  nerve  or  may  be  included  in  the 
trunk  of  the  va^LS. 

The  Course  of  the  Cardiac  Fibers. — The  vagus  nerve  gives 
off  several  branches  that  supply  the  heart.  The  superior  cardiac 
branches  arise  from  the  vagus  in  the  neck  somewhere  l)etween 
the  origins  of  the  superior  and  the  inferior  lar>Tigeal  ner\'es.  The 
inferior  cardiac  branches  arise  from  the  thoracic  portion  of  the 
vagus  near  the  origin  of  the  inferior  lan'ngeal  and  infieed  some 
of  these  branches  may  spring  directly  from  the  inferior  lnr>'ngeal. 
The  inhibiton*  fibers  probably  arise  in  these  inferir^r  branches 
chiefly.  Both  superior  and  inferior  cartiiac  branches  [wiss  towanl 
the  heart  and  tmite  with  the  cardiac  branches  from  the  sympathetic 
chain  to  form  the  canliac  plexus.  This  plexus  lies  on  the  areh 
and  ascending  portion  of  the  aorta,  and  frc»m  it  the  heart  receives 
directly  both  its  inhibitor'  and  accelerator  fibers.  The  inlubitor>' 
fil>ers  of  the  heart  form  a  part  of  the  outflow  of  autonomic  fil)ers 
(p.  234)  through  the  vagus  nerve.  The  preganglionic  fibers  probably 
end  around  ganglion  oelLs  in  the  heart,  which  in  turn  send  their 
axons  as  postganglionic  filjcrs  to  the  heart  muscle. 

The  Action  of  the  Inhibitory  Fibers. — If  the  vagus  nerve 
in  the  neck  of  an  animal  is  cut  and  its  peripheral  end  is  stimulated 
the  heart  is  slowed  or  stopped  altogetlier  according  to  the  strength 
of  the  stimulus.    This  effect  is  illu.strated  in  Figs.  219  and  220. 
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inhibitor>'  influence  upon  the  heart  beat  was  first  descriW 
45  by  the  two  (imthen*,  Eilward  Weber  and  K.  H.  Weber, 
ysiologira]  discoven'  of  the  first  importance,  not  onlv 
as  regards  the  physiology'  of  the  heart,  but  fn)m  the  standpoint 
of  genrru]  |jliysiolog\',  sinee  it  gave  tlie  first  clear  instance  of  ihe 
possibility  of  inhibitor^'  action  through  nerve  fibers. 

Jf  the  hcfirt  is  examined  during  its  complete  inhibition  it  will 

be  seen  that  it  stoi:>s  in  diastohr. 
nntl  indeed  the  diastole  ia  nioif 
complete  than  normal, — the  heart 
dilate;^  to  a  ver>'  large  extent,  and 
becomes  swollen  with  blootl.  Thi? 
latter  fact  is  taken  usually  aa  proo^ 
that  the  action  of  the  inhibitory 
filjers  not  only  prevents  the  usual 
systole,  but  also  removes  the  ro- 
nicity  of  the  musculature.  Some 
obserN'ers  i>olieve  that  the  unusual 
dilatation  is  due  simply  to  the  effect 
of  the  increased  venous  pressure 
(Roy  and  Adami).  Examination  of 
the  heart  shows  also  that  the  inhi- 
bition affects  the  whole  heart, — Ixith 
auricles  and  ventricles  are  slowed  or 
stojjped,  as  the  case  may  be.  That 
the  vagus  ner\'e  in  man  also  con- 
tains inhlbitoiy  fibers  to  the  hftwt 
is  made  highly  probable  by  ever)'- 
thing  known  concerning  the  eomli- 
tions  under  which  the  heart  i^* 
sloweii  or  stopped  tem|X)rarily,  and 
has,  moreover,  been  demonstrato^l 
directly  in  sevenil  instances  upon 
Hving  men.*  These  inliibitor?-  fi- 
bers have  l>een  shown  to  exist  in  all 
classes  of  vertebrates  and  in  a  nuin- 
IwT  of  the  invertebrates. — a  fact 
which  in  itself  would  indicate  the 
great  impc»rtance  of  their  influence 
iipon  the  effective  activity  of  the  heart.  In  the  mammals  gener- 
ally employed  in  laboratory  exj^eriments  the  inhibiton'  filers 
occur  in  both  vagi;  in  some  of  the  lower  vertebrates,  however, 


li»l.  l.'Il». — To--li'iw  the  iiihibiiioii 
uf  llie  terra|tiii'>  lieurt  due  tu  istiinula- 
Ijitn  (tf  iho  vavru.->  nervt*.  The  upjirr 
(rocinK  (/i  rt'conL'-  ihp  contntcliuus  ui 
the  U-ft  uuripJo;  tho  low-vr  (//)  thecon- 
trsrli>'ii-<  uf  (Itc  veiilriclu.  I'he  ragiu 
wiks  t^liniuliii(><l  three  limp-ii,  each 
chamber  comiiiK  to  u  complete  f»top. 
Od  rciimvinfc  tho  t^tiinuluja  it  will  be 
iNiletl  that  thp  :(iincutar  {?utilruc(ioii*t 
inrrrase  Kra>hially  to  their  iinmial, 
while  (he  ventricular  cootroctioiu 
^tll^(  ufl  at  full  btrviigtli. 


I 


♦Sec  especially  TImnhoffcr.  "Ceiitralltlntt  f.  d.  mwl.  WLss.,"  1^5.  who 
givfe*  an  account  of  un  exi>crinient  in  which  the  vagi  were  eonipre>itt»ed  iu  tlie 


neck,  with  a  resulting  sloppa^  of  the  heart  ami  lo^  of  consciousnesei 
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CBpecially  in  the  terrapin,  the  inhibitor}'  fibers  are  found  exclusively 
I  or  mainly  in  the  right  vupus. 

Analysis  of  the  Action  of  the  Inhibitory  Fibers. — The  prom- 
inent eflfect  of  the  action  of  the  inhibitory  fibers  is  the  slowing 


■r\^' 


va^      ; 


/v^v-v^  ^^ 


Jmr»rrwf%ft%^' 


F\k.  330. — To  eliotr  the  inhibition  of  the  hi«rt  Trom  stimulaiian  of  the  vairu*  in  th« 
doC'  Record  B  ia  iIm*  bUKid-prnaum  tntrinff-  The  vbk^ih  wbji  KtimiiUit««l  twice.  Th« 
BMrk*  X.  X.  indirate  tlie  beffiDQins  iin<l  end  of  the  !*liniulut«.  llie  firal  stimulation  wa« 
ir«alc :  il  will  be  oot^  thai  itte  heart  escaped  and  bcKnr  txnttnK  before  the  iliinuluA  waa 
Wiibdrmwn.  Ttie  Mn»nd  t<tiniu1u«  wait  *ironiier:  thp  inhibition  Lavted  some  time  after  ns 
Sifival  of  the  Ktimulus.  Tlie  upper  cur\'eiA')  i*  a  pI*'thv«moitraphic  (oneometer)  iracinc 
ci  the  volume  nf  the  kidne>-  It  will  be  noted  that  when  the  heart  Atop*  and  blood-preaaui* 
fall*  the  kidney,  like  the  other  oncan^,  diminifhrn  in  vctume.     {Dmn4m.) 


jof  the  rate  of  the  lieart  beat.  Numerous  observers  have  called 
attention  to  the  fact  that  the  vaf^s  fil>ers  may  also  cause  a  weaken- 
ing in  the  force  of  the  boat  as  well  as  a  slowing  in  the  rale,  or, 
'  indeed,  the  two  effects  may  lie  obtained  separately.  This  fact  has 
'  been  shown  especially  for  the  auriclo-s.*  In  the  heart  of  the  terrapin 
lone  may.  by  ui^ing  weak  stimuH.  obtain  only  a  weakening  of  the 
*8ee  Bayliss  and  SUrling,  "Journal  of  Physiology,"  13.  410,  1892. 


on  the  contran',  that  only  one  kind  of  fiber  is  present,  and  that 
its  influence  on  the  metabolic  changes  in  the  heart  muscle  expresses 
itself  differently  upon  the  several  different  pn>perties  of  the  tissue 
according  to  the  extent  of  its  action. 

I-jie^bnann  ha^  iii£ule  the  ino^t  roiiiplele  &tteiii|ii  to  analyze  the  influence 
exertovl  \>y  iho  rardiui'  nen-es  (inhihitorv  aiid  wcelerntor).  He  tieMignut«s 
these  infiuenL-ert  under  four  different  hemU  witli  the  further  RUppo^ition  that 
they  are  niediatetl  by  different  fiber*:  (1)  The  chronotropic  ijifluence,  alTecting 
the  rat«  of  conlratlion,  positive  chronotropic  actions  causing  an  ^ci'eleration 
and  neiE^ative  chronotropic  actions  a  slowuig  of  the  rate.  (2)  Tlie  Ijathmo- 
trupic  influence,  aiTeclinR  the  irritability  of  the  muscular  tis(<ue;  this  also  may 
be  positive  or  nCRativc.  (3)  The  droniolrapic  'influence,  portilive  or  negative, 
affeciing:  the  conductivity  of  the  lis.'^ue.  fl)  The  Uiotropic  influence,  posi- 
ti>'e  CJT  negative,  afTe<"ling  the  force  or  enerpi'  nf  the  contractions.* 

Docs  the  Vagus  Affect  Both  Auricle  and  Ventricle?— The 
inhibitory  action  of  the  vagus  is  most  marked  tipon  the  venous 
end  of  the  heart,  and  the  question  has  arisen  as  to  whether  it  affects 
the  ventricle  directly  or  not.  (laskell  gave  evidence  to  indicate 
that  in  the  terrapin  the  auricle  only  is  inluluted,  the  ventricle  8to{>-' 
ping  because  it  fails  to  receive  its  normal  impulse  from  the 
auricle.  When  this  heart  is  inhibited  the  contractions  of  the 
auricle  after  cessation  of  inhibition  grathuilly  incrciiae  in  amplitude 
until  the  nonnal  size  is  reached:  in  the  ventrirle,  nn  the  contrar>', 
the  first  contraction  after  inhibition  is  of  normal  size  or  greater 
than  normal  (see  Fig.  219).  When  a  blf>ck  is  produced  in  the 
mammalian  heart  between  auricle  and  ventricle — by  clamping  the 
connecting;  muscular  bundle,  for  mstimce— stimulation  of  the 
vagU3t  stops  the  auricle  only  (Hrhuiger).  and  this  result  would  seem 
to  indicate  that  the  vagus  affeclj'  only  the  am*iclc,  unless  it  is  as- 
sumed that  the  clamp  has  interrupteil  the  inhibitory  paths  to  the 
ventricle.  On  the  other  hand,  in  favor  of  the  view  that  the  vagus 
fibers  reach  the  ventricle  ami  influence  its  boats  directly,  we  have  the 
fact,  emphasized  by  Tiperstedt.  namely,  that  when  the  connection 
between  auricle  and  veniricic  is  sever-ed  suddenly  the  ventricle 
frequently  continues  to  beat  at  its  own  rhythm  without  any  obvious 
pause.  It  would  seem  from  this  fact  that  when  the  whole  heart 
is  inhibited  by  stimulation  of  the  vagus  the  ventricle  does  not 
»top  simply  because  the  auricle  fails  to  send  on  its  usual  contraction 
wave,  since,  if  that  were  so,  cutting  off  the  auricle  or  clamping  the 
connection  between  it  and  the  ventricle  should  also  bring  on  a 
ventricular  pause,  as  happens  in  the  case  of  the  terrapin's  heart. 
It  seems,  however,  to  be  the  general  belief  of  those  who  have  experi- 
menieti  with  the  subject  that  the  action  of  the  vagus  is  exerted 
mainly  upon  the  auricles. 

•Engclraann.     Archiv  f.  Physiologic,"   1900.  p.  313.  and  1902,  suppL 
volume,  p.  1. 
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auricular  beats  without  any  interference  with  the  rate  (Ilg.  221), 
while  hy  increasing  the  stimuhis  the  slowing  in  rate  becomes  evident 
combined  with  a  dintinutinn  in  force  or  extent.  Although  the 
force  of  the  beat  may  be  influenced  without  altering  the  rate,  the 
reverse  does  not  hold.  Usually,  for  the  auricle,  at  least,  any  stimulus 
that  slows  the  beat  also  weakens  the  indiWdual  beat.  Whether 
the  vagus  fibers  exercise  a  similar  double  influence  directly  upon 
the  ventricle  is  not  so  clear.  Some  obser>'ers  find  that  when  the 
ventricle  is  inhibited  the  beats,  although  slower,  are  stronger,  whil*; 
others  obtain  an  opposite  result.  It  seems  probable,  as  stated 
by  Johansson  and  Tigerstedt.  that  the  result  obtained  depends 

largely  on  the  strength  of  stijnulus 
used.  These  observers  found*  that 
s^ith  relatively  weak  stimuli  the 
contractions  of  the  ventricle,  though 
slower,  are  stronger,  while  with 
stronger  stimuli  the  contractions  arc 
diminished  in  strength  as  well  as 
rate.  The  qtiestion  is  complicated 
by  the  flifficultj'  of  separating  the 
direct  effect  of  the  vagus  on  the 
ventricle  from  the  indirect  eifecl 
brought  about  by  the  changes  in  the 
auricular  beat.  The  inhibiton-  in- 
fluence makes  itself  felt  also  upon 
the  eonductinty  of  the  heart.  This 
fact  has  been  noted  by  several  ol)- 
servers.  A  striking  example  Is  seen 
in  the  case  of  partial  heart  block. 
When  as  the  result  of  some  injury 
or  pressure  in  the  auriculo-\entricu- 
lar  region  or  from  some  other  tees 
evident  cause  there  is  a  partial  block,  so  that  the  ventricle  cod- 
tracts  once  to  two  or  three  beats  of  the  auricle,  vagus  stimulation 
ma>'  be  followed  at  once,  as  an  after-effect,  by  a  return  to  the 
normal  beat,  a  re-establishment  of  a  one-to-one  rhythm.  Under 
other  cinMimstances  the  contrar>*  effect  of  vagus  stimulation 
has  been  described.  From  the  results  cited  it  seems  evident  that 
the  vagus  nerve  may  affect  the  rate  and  the  force  of  the  con- 
tractions, and  also  the  conductivity  or  the  propagation  of  the 
wave  of  contraction.  These  separate  influences  have  been  referred 
by  some  authors  to  the  existence  of  different  kinds  of  nerve  fillers, 
each  exerting  its  own  influence,  but  it  seems  preferable  to  aasmne, 
*  See  Tigerstedt,  "  Lehrbuch  der  Physiologic  des  KreUlaufes,"  1893,  p.  247. 


F\g.  221.— To  *h<iw  the  ctfrct  of 
vmcua  Btiniulalion  on  tbe  force  unly  uf 
the  auricular  heat  in  the  t«>rmpin's 
heart:  A,  Ilecord  of  thr  auricular 
be«t«;  V.  record  of  th«  vpntricuUr 
beat«.  The  vactia  was  BtimiUatod  be- 
twoen  X  and  x.  It  will  be  doted  that 
the  Tentricuhir  be»t»  are  not  affected, 
and  that  the  auricular  beat^  diminii^h 
ID  extent  without  any  rhunee  in  rate. 
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on  the  contrar\%  that  only  one  kinil  of  fiber  is  present,  and  that 
ita  influence  on  the  metabolic  changes  in  the  heart  muscle  expresses 
itself  differently  upon  the  several  different  properties  of  the  tissue 
according  t<»  the  extent  of  its  action. 

Kneelmarin  has  made  tiie  ni<»yt  rnmplete  attempt  to  iirialyze  tKe  innueiR-e 
eierto-i  liv  the  canilac  iien-es  (inhibitory  mjkI  iu-coIerHl,(>r|i.  He  designates 
the^e  intlueiices  under  four  diflerent  heiid^  with  the  fiirtlier  .supposition  that 
they  are  mediated  by  different  fibers:  (1)  The  chronotropic  influent-e,  afTectinK 
the  rate  oS  contraction,  positi^*©  chronotro|jip  a<*tioiis  rausina;  an  acceleration 
and  negative  chronotropic  a<*tions  a  alowmg  of  the  rate,  (2)  Tlie  bathmo- 
tropic  influence,  a/Tecting  the  irritability  of  tlie  muM-ular  tissue;  thii*  also  may 
be  positive  or  ncRative.  (3)  Tlie  droniotropic  influence,  po-^itive  or  negative, 
affecting  the  couductivity  of  the  ti«<ue.  (A)  The  inotropic  influence,  posi- 
tive or  negative,  iiITwting  the  force  or  enerp,"  of  the  contn«tions.* 

Does  the  Vagus  Affect  Both  Auricle  and  Ventricle? — l^he 
inhibitory  action  of  the  vagtis  is  most  market!  upon  the  venous 
end  of  the  heart,  and  the  question  hits  arisen  as  to  wliether  it  affects 
the  ventricle  directly  or  not.  (Jaskell  gave  evidence  to  indicate 
that  in  the  terrapin  the  auricle  only  is  inhiliited,  the  ventricle  stop^ 
pinj^  because  it  fails  to  receive  its  nonnal  impulse  from  the 
auricle.  When  tiiis  heart  is  inhibited  the  contractions  of  the 
auricle  after  cessation  of  inhibition  ^nwhrnlly  increase  in  antplitude 
until  the  normal  size  is  reaches!;  in  the  ventricle,  on  the  contrar\', 
the  first  contnwtion  after  inhil>iiion  is  of  nonnal  size  or  greater 
than  normal  (see  Fip;.  21i)).  Wljen  a  block  is  pro<luced  in  the 
mammiilian  heart  between  auricle  and  ventricle — by  clamping  the 

|.  connectinjr  muscular  biiudlc.  for  instance — stimiihition  of  the 
vaguii  stops  the  auricle  only  fErlanger).  and  this  result  would  seem 
to  indicate  that  the  vapis  affects  only  the  auricle,  unless  it  is  as- 
sumed that  the  clamp  has  interrupted  the  inhibitory  paths  to  the 
ventricle.  On  the  other  hand,  in  favor  of  the  view  that  the  vap^us 
fibers  reach  the  ventricle  and  influence  its  l>eats  directly,  we  have  the 
fact,  emphasized  by  Tigerstedt.  namely,  that  when  the  connection 
between  auricle  and  ventricle  is  severed  suddenly  the  ventricle 
frequently  continues  to  beat  at  its  own  rhythm  without  any  obvious 
pause.  It  would  seem  from  this  fact  that  when  the  whole  heart 
Is  inhibite<l  by  stimtdation  of  the  vagus  the  ventricle  does  not 
Btop  simply  because  the  auricle  fails  to  send  on  its  usual  contraction 
wave,  since,  if  that  were  so.  cutting  off  the  auricle  or  clamping  the 
connection  between  it  and  the  ventricle  should  also  bring  on  a 
ventricular  pause,  as  happens  in  the  case  of  the  terrapin's  heart. 
It  seems,  however,  to  be  the  general  belief  of  those  who  haveexperi- 

I  mented  with  the  subject  that  the  action  of  the  vagus  is  exerted 

'  mmnly  upon  the  auricles. 

I  •  Eni^hnann,    'Arcliiv  f.  Physiologie. "  1900,  p.  313,  and  1902.  suppl. 

Tolume.  p.  1. 
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Escape  from    Inhibition. — Strong  stimulation    of   the  vaeus 
may  slop  the  entire  heart,  but  the  length  of  time  during  which  llip 
heart  may  be  maintained  in  tliis  condition  varies  in  different  speciw 
and  indeed  to  some  extent  in  <lifferent  individuals.*     In  some  am- 
mals — cata,  for  cx.ample— the  strongest  stimulation  of  the  ncr\-e 
serves  frequently  only  to  slow  the  heart  instead  of  causing  complele 
standstill,     in  dogs  the  heart  is  stopped  b\'  relatively  weak  stimu- 
lation, although  if  the  stimulation  is  maintained  the  heart,  as  i 
nde,  escapes  from  the  inhibition.     In  some  dogs  the  heart  may 
be  held  inhibitc'd  long  enough  to  cause  the  death  of  the  animal 
unless  artificial  respiration  is  nmintained,  but  usually  the  heart 
tx^t  soon  breaks  through  the   complete  inhibition.    The  "inner 
stimulus"  in  such  eases  increases  in  strength  sufticiently  to  overcome 
the  opposing  inhibitor}^  influence,  and  this  circumstance  may  be 
regarded  as  an  argimient  agaiiLst  those  ^^ews  that  trace  the  origin  of 
the  "inner  stimulus"  to  some  of  the  products  formed  during  theca- 
taboJL'^m  of  contraction.     Motlerate  stimulation  of  the  vagus,  suffi- 
cient simply  to  slow  the  rate  of  beat,  can  be  maintaine<l  without  dimi- 
nution in  effect  for  ver\'  long  periods;  indeed,  as  is  explained  in  the 
next  section,  tlie  heart  beat  is  kept  partially  inhibited  more  or  lea 
continuously  through  life  by  a  constant  activity  of  the  vagus.    la 
the  cold-blooded  animals,  especially  the  terrapin,  the  heart  may 
be  kept  completely  inhibited  for  hours  by  stimulation  of  the  vagus. 
Mills  reports  that  he  has  kei>t  the  heart  of  the  terrapin  in  this 
condition  for  more  than  four  hours.f     Most  obserx'ers  state  that 
complete  inhibition  can  be  maintained  for  a  longer  time  when 
stimulus  is  applied  alternately  to  the  two  vagi,  but  it  is  possibift] 
that  this  residt  is  due  to  the  fact  that  continuous  stimulation  appli( 
to  a  nen'e  usually  results  in  some  local  loss  of  irritability. 

Reflex  Inhibition  of  the  Heart  Beat — Cardio-inhibitoi 
Center. — The  inhibitor)-  fibers  ma}'"  be  stimulated  reflexly  by  actioi 
upon  various  sensory  nerv'es  or  surfaces.  One  of  the  first  ex] 
mental  proofs  of  this  fact  was  furnished  by  Goltz's  often-quoted' 
*'Klopfver8Uch."t  In  this  experiment,  made  upon  frogs,  the  ob- 
server obtained  standstill  of  the  heart  by  light,  rapid  tape  on  the 
alxlomen,  and  the  effect  upon  the  heart  failed  to  appear  when  the 
vagi  were  cut.  In  the  mammals  every  laboratory'  worker  Itas  had 
nmnerouH  opportunities  to  observe  that  stuimlation  of  the  centml 
stumps  of  sensory  nerves  may  cause  a  reflex  slowing  of  the  heart 
beat.  The  effect  is  usually  very*  marked  when  the  central  stump 
of  one  vagus  is  stimulated,  the  other  vagus  l>eing  intact.  The 
vagus  carries   afferent   fillers   from   the   thoracic  and  abdominal 

•See  Houph,  "Journal  of  Phypiology,"  J8,  161,  1895. 

t "  Journal  of  Physiology, "  0,  246. 

jGolu,  "Virehow's  Archiv  f .  patUoI.  An&tomiei  etc.,"  26,  11,  1803. 
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visrera.  and  moat  observers  state  that  ihe  heart  may  be  reflexly 
inhilrite<i  most  readily  by  stimulation  of  the  scnsorj*  surfaces  of 
the  abdominal  viscera,  by  a  blow  upon  the  viscera,  for  example, 
gr  by  sudden  distension  of  the  stomach.  In  man  similar  results 
'^n  noticed  ver>'  frequently.  Acute  dyspepsia,  inflammation  of 
the  peritoneum,  painful  stimulation  of  setLsory  surfaces, — the 
testes,  for  instance,  or  the  mitidle  car, — may  cause  a  marked  slowing 
of  the  heart, — a  condition  desijrnatetl  as  bradycardia.  What 
takes  place  in  all  such  cases  is  that  the  afferent  impulses  carried 
into  the  central  nervous  s\'stem  reflexly  stiniulute  the  nerv*e  cells 
in  the  medulla  which  give  origin  to  the  inhibitor}*  fil>ers.  These 
cells  form  a  part  of  the  great  motor  nucleus  (N.  ambip;iuis)  from 
which  arise  the  motor  fibers  of  t!ie  vagus  and  the  glossoi>har>'npeus. 
The  particular  group  of  cells  from  which  tlie  inhibitorv^  fiWrs  to  the 
heart  originate  has  not  l^ecti  <lelimite«i  aaatomically.  KftoiLs  have 
Ijeen  made  to  locate  them  by  vivisection  experiments?,  but  this 
metiioti  has  shouTi  no  more  perhaps  than  that  they  are  found  in  the 
region  of  origin  of  the  vacus  nerve.  Physiologically,  however,  this 
group  of  cells  forms  a  center  which  is  of  the  greatest  importance  in 
oontrolling  the  activity  of  the  heart.  It  if^  designated,  therefore,  as 
the  cardio-inhibitortf  crmter.  We  may  define  the  cardio-inhibitory 
center  as  a  bilateral  group  of  cells  lying  in  the  medulla  at  the  level  of 
the  nucleus  of  the  vagus  and  giving  rise  to  the  inhibitor)*  fibers 
of  the  heart.  The  two  siiles  are  probably  connected  by  commis- 
Bural  cells  or  else  each  nucleus  sends  fibers  to  the  vagus  of  each 
ade.  Through  this  center  all  reflexes  that  affect  the  heart  by  way  of 
the  inhibitor)'  fil>ers  must  take  place.  These  reflexes  may  l^  occa- 
sioned by  incoming  sensory  impuli^es  through  the  spinal  or  cranial 
ner^'es,  or  by  impulses  coming  down  from  the  higher  portions  of 
the  brain.  The  center  may  also  be  stimulated  directly,  either  by 
pfCfiBure  upon  the  medulla,  which  may  give  rise  to  slow  heart  l^eats 
or.  as  they  are  sometimes  called,  vagal  beats,  or  by  changes  in  the 
composition  of  the  blood.  With  reganl  to  the  reflex  stimulation  of 
this  center  it  is  important  to  bear  in  mind  the  genemi  pliysiological 
rule  that  afferent  impulses  may  either  excit-e  or  inhibit  the  activity 
of  nerve  centere.  In  the  former  case  the  heart  rate  would  be 
sIowe<l,  in  the  latter  case  it  would  be  quickened  if  the  center  were 
previously  in  a  state  of  activity. 

The  Tonic  Activity  of  the  Cardio-inhibitory  Center. — The 
cells  of  the  caniio-inhibitor)'  center  are  in  constant  activity  to  a 
greater  or  less  extent.  As  a  consequence,  the  heart  Ixiat  is  kept  con- 
tinually  at  a  slower  rat^  than  it  would  normally  assume  if  the 
inhibitor)'  apparatus  did  not  exi.'^t.  This  tonic  activity  of  the  vagus 
is  beautifully  exliibited  by  simple  section  of  the  two  vagi,  or  by  inter- 
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^^H         TUpting,  in  somp  other  way^cnoling,  for  example — the  connection 
^^H        between  the  renter  and  the  heart.     When  the  two  vagi  are  cut  ihe 
^^H         heart  rate  inrreases  greatly  and  the  blood-pressure  rises  on  account 
^^^B        of  the  greater  output  of  blood  in  a  unit  of  time  (F>k.  222).    Section 
^^^P        of  one  ^'agus  gives  usually  a  partial  effect. — that  is.  the  bean  rate 
^^H        Is  increased  somewhat.— 1  nit  it  Ls  still  further  increase<i  by  section 
^^^L        of  the  second  vagus.     The  exact  result  obtained  wben  the  nerves  are 
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FiK.  222. — To  show  the  fiffect  ai  aectioo  of  the  two  vafp  in   t!ip  dog  uprni  ilir  lat^  >t 
b«art  beat  and  the  blood-preMure :    1  m&rks  the  oection  of  the  vanu9  mi  ti>r  m'tt     [<!<. 
2,  Mction  of  ttif)  second  vasui.     The  munemls  on  the  vertical  mark  the  bkM'>i]-prp>'>ijr»^: 
the  numerab  ou  ibe  hlond-preMure  record  give  the  tmt«>  of  h««rt  beats.      {Dawm^             \ 

severed  separately  varies  undoubtedly  with  the  conditions,— for 
instance,  with  the  intensity  of  tlie  tonic  activity  of  the  center. 
Throughout  life,  speaking  in  general  terms,  the  cardio-inhibitorf 
center  keeps  the  "brakes"  on  the  heart  rate,  and  the  extent  of  it* 
action  varies  under  different  conditions.     When  its  tonic  action  i» 
increased  the  rate  becomes  slower;  when  it  is  decreasefl  the  rate 
becomes  faster.     In  all  probability,  this  tonic  action  of  the  center, 
like  that  of  the  motor  centers  generally,  is  in  reality  a  reflex  tonus. 
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18.  it  ifl  not  due  to  aut/>mntie  processes  ^nerated  within  the 
Iier\'e  cells  by  their  own  metaholiunt  or  by  changes  in  their  liquid 
enWronment,  but  to  sfimiilftiions  rcoeived  throu^^h  KerLs<^>ry  nerves. 
I  The  rontinuous  though  varv'ing  inflow  of  impulses  into  the  central 
ner\'ous  system  through  different  nerve  paths  keeps  the  center  in 
that  state  of  permanent  gentle  activity  which  we  designate  afi 
•'tone  "  It  is  posaiVile,  of  course,  that  certain  afferent  paths  may 
be  in  specially  close  fimotional  relationship  to  the  center.  One  may 
auppQse,  frr)m  the  anatomical  ?*elatinn.s  and  from  physiological 
[experiments,  that  the  afferent  paths  from  the  abdominal  viscera 
k>lay  such  a  rfile. 

■^^lie  Action  of  Drugs  on  the  Inhibitory  Apparatus. — The 
^^Kence  of  the  inhibitory  (il)ers  to  the  heart  funiii^hes  a  means 
[of  explaining  the  cardiac  action  of  a  number  of  drugs, — atn:)pin, 
ffluscarin  or  pilocarpin,  nicotin,  curare,  digitalis,  etc., —for  the 
details  of  which  reference  must  be  made  to  works  on  pharmacology.* 
The  action  of  the  first  three  named  ilhiatrates  especially  well  tho 
application  that  has  been  niade  of  physiolog>'  in  modem  pharma- 
cology. Atropin  administered  to  those  animals,  such  as  the  dog 
r  man,  in  which  the  inhibitory  fibers  of  the  vagus  are  in  constant 
ti\ity,  causes  a  (piickening  of  the  heart  rate.  Indeed,  the  heart 
Is  aa  rapidly  as  if  lx)th  vagi  were  cut.  After  the  use  of  atropin, 
ifeover,  stimulation  of  the  vagus  ner\'e  fails  to  prrKluce  inhil)ition. 
action  of  atropin  is  satisfactorily  explained  by  assuming  that 
it  paraJyxes  the  endings  of  the  (postganglionic)  inhibitory  fibers 
in  the  heart  muscle,  just  as  curare  paralyzes  the  terminations  of 
(the  motor  fibers  in  skeletal  muscle,  Atropin  exercises  a  similar 
'effect  upon  the  nerve  teniiinations  in  the  intrinsic  muscles  of  the 
wyeball  and  in  many  of  the  glands.  On  the  contrary,  when  mu&- 
IcAfin  or  pilocarpin  is  a<.lministered  it  causes  a  slowing  and  finally 
ka  oeHsation  of  the  heart  l>eat.  Since  this  effect  may  Ik;  removed 
by  the  sub6e<|uent  use  of  atropin  it  is  assumed  that  the  two  fonner 
drugs  excite  or  stimulate  the  endings  of  the  inhibitorj'  filters  in 
the  heart  and  thus  bring  the  organ  to  rest  in  diastole,  as  happens 
■iter  electrical  stiimilation  of  the  vagus  ner\'e.  Some  authors, 
however.  Wieve  that  the  pilocarpin  or  inuscarin  may  have  a  dee|«ir 
effect  in  that  it  acts  directly  on  i\w  heart  muscle  itself,  and  tliat 
the  antagonistic  atropin  affects  the  muscular  tissue  also  as  well 
fts  the  endings  of  the  fibers.  A  final  statement  can  not  be  made 
upon  this  point,  but  the  current  Iwlief  is  that  the  atropin  paralyzes 
while  the  muscarin  or  pilo<'arpin  stimulates  the  endings  of  the 
linhibiton-  fibers  in  the  substance  of  the  heart. 

The  Nature  of  Inhibition. — Since  the  discovery  of  the  inhibi- 
tor>'  nerves  of  the  heart  ftimishcd  the  first  conclusive  proof  of  the 

*  Owi^iilt    Cushny,  *' Text-book  of  Pharmai^Iogy  and  Tlicrapeutics." 
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existence  in  t}ie  body  of  definite  nerve  fil>ers  with  apparently  the 
sole  function  of  inhilutton^  it  seenif!  appropriate  in  this  connection 
to  refer  to  the  views  regarding  the  nature  of  this  process.  Several 
general  views  of  the  nature  of  inhibition  have  been  proposed,  ijui 
the  one  that  is  most  tiefinite  and  has  met  with  most  favor  is  that 
suggested  by  (Jaskell*  This  author  has  shown  that  the  after-effect<« 
of  stimulation  of  the  inhibitorv'  fil>ers  are  beneficial  mther  ihtm  in- 
jurious to  the  heart ;  that  rs,  imder  certain  circumstances  an  impmvt^ 
ment  may  be  noticed  in  the  rate  or  force  of  the  l)eat  or  in  the  con- 
ductivity. He  has  also  shown,  by  an  interesting  experiment,  ihai 
during  the  state  of  inhibition  the  heart  tissue  is  made  increaangly 
electropositive  in  comparison  with  a  dear!  portion  of  the  tissue. 
To  show  this  fact  the  tip  of  the  auricle  was  killed  by  heat  and  this  ?pot 
(«)  and  a  point  at  the  base  of  the  auricle  (b)  were  connected  withs 
galvanometer.  Under  such  conditions  a  strong  demarcation  cur-  j 
rent  was  obtainett  flowing  through  the  galvanometer  from  6  U)  fl.  fl 
If  the  auricle  contracte<I  a  negative  variation  resulted,  since  during 
activity  b  became  less  positive  as  regards  a.  If,  on  the  contran'. 
the  auricle  was  inhibited  by  .stimulation  of  the  inhibitory'  fibere 
a  positive  variation  was  obtainett;  b  became  more  po6ili^t 
toward  a.  On  the  basis  of  sucii  results  Gaskell  concludes  thai 
inhibition  in  the  heart  is  due  to  a  set  of  metabolic  changes  of  an 
opjiosite  character  to  those  occurring  during  contraction.  In  the 
latter  condition  the  metabolism  is  catabolic,  anil  consists  in 
breaking  down  of  complex  substances  into  simpler  ones  with 
lii)enition  of  energ>'  a^  heat  and  work.  During  inliibition.  on 
contrary,  the  processes  are  anabolic  or  sAiithetic  and  result  in  the 
fonnation  of  increasetl  contractile  material  whereby  the  condition 
of  the  heart  is  improved.  He  would  regard  the  inhibitory  fibers, 
therefore,  as  the  analwlic  nerve  of  the  heart  and  their  constant 
action  throughout  life  as  an  aid  to  the  nutrition  of  the  heart.  ITie 
same  general  view  may  l>e  extendetl  to  all  cases  of  inhibition,  and 
Gaskell  believes  that  all  muscular  tissues  are  supplied  with  anabolic, 
(inhibitory)  and  catabolic  (motor)  fibers.f 

The  heart  muscle  [Missesses  a  motor  (accelerator)  as  well  as 
inhibitory  nerve.  Tl»ey  exercise  opjxtsite  effects  upon  the  h 
muscle,  and  this  result  finds  a  satisfactory  provisional  explanation 
in  Gaskell's  hyix>the.sis,  just  stated.  But  the  further  question  arises 
as  to  why  thc}'  should  have  oj)posite  effects.  Is  it  due  to  a  differ- 
ence in  the  character  of  the  nerve  impidses  they  cany^  or  is  it  due  to 

•Gaskell,  "Philosophical  TransartJons  of  the  Kovnl  Society."  London; 
Crooinaii  I-^oturc.  part  in.  1882:  also  "Itoitnipc  ziir  l^hys-ioIojEie."  dedicated 
to  C.  LudwiK,  1R87;  and  "Journal  of  PhyMoloKV."  7,  46. 

t  For  a  penera!  cli.scus?iion  of  tins  idea  am!  o{  the  importaiioe  of  inhihitt 
actions  see  Moltzer,  "Inhibition/*  **New  York  Medieul  Journal."  May  H 
20,  27,  1S90. 
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difference  in  their  place  or  manner  of  ending  in  the  muscular 
Views  differ  upon  this  point  and  many  physiologists  have 
suggested  that  the  impulses  var>'  in  quality;  that  the  inhibitor 
nerve  impulse  differs  in  some  unknown  way  from  a  motor  impulse, 
And  therefore  causes  an  opposite  reaction  in  the  muscle.  This  latter 
view  aeenis,  however,  to  Im?  entirely  tlisproveil  liy  the  results  of 
experiments.  I^ngley  has  shown  xi\hh\  blood-vessels  (p.  76)  that 
an  inhibitory  ner\'e  made 
to  grow  down  a  motor  path 
causes  when  t>timulated 
only  motor  effects  antl  vice 
VfTjta.  And  in  the  ca^^e  in 
point  Erlanper  *  hjis  proved 
that,  when  an  ordinary  spinal 
nerve  (fifth  cervical)  u*  su- 
ture<l  to  the  peripherul  end 
of  the  cut  vagus,  it  will, 
after  time  for  regeneration 
has  been  allowed,  cause  when 
stimulated  the  usual  stop- 
page of  the  heart.  So  far  as 
our  facts  go,  therefore,  we 
must  assume  that  motor 
and  inhibitor)'  fibers  have 
opposil-e  effects  upon  the 
muscular  fibers  in  which 
lhe>'  end  because  they  ter- 
minate differently  in  these 
ftbers-t 

The  Course  of  the  Ac- 
celerator Fiber  s, — T  h  e 
heart  receives  efferent  or 
motor  nerve  fibei-s  from  the 
•ympathetic  system  in  ad- 
dition to  those  reaching  it 
by  w^ay  of  the  vagus  ner\'e. 
Attention  was  firet  called  to 
these  s>'mpathetic  fibers  by 
Legallois  (1812),  but  our  re- 
cent knowledge  dates  from 
the  experimejit*  made  by  von  Bezold  (1862).  which  were  afterward 

•  EKamccr.  "American  Journal  of  Phj-siology. "  13.  372,  1905. 

t  For  a  Bpeciftl  theory  of  heart  inhibttion  and  apcclcration  nee  Howell, 
•'American  Journal  of  Physiologj-."  1906,  xv.,  280,  and  "Journal  of  Physiology," 
1906,  XXXV..  131. 


Fig.  223. — Sobmnatu'  representAtion  nf  the 
tc  of  the  acceUrotor  tibers  to  Ibe  T 
right  title.— (Modified  from  Pav>lav.) 


course  of  the  accelerator  tibers  to  I  be  doc's  beart 

>  Tbe»yio- 
pntlietir  uerve  b  reprevented  in  eoHd  black.    The 


riiurM<  nf  the  acrclerator  fibers  U  Indicated  by  mr- 
rowfl.  i,  Cervical  Aymiwtbetir  combined  in  neck 
with.  10.  the  vacun;  //,  ///,  iV,  rami  cutnmunl- 
cniiteA  from  tlie  M'contl,  thint.  nml  fuurth  (honw^ 
spinal  nerven,  carn'inic  moel  of  thr  Accelerator  fi- 
ber:! to  t)tC9yiiipa(bctic  chiiin;  7,  uiinuliuof  VieU5- 
«eni;  n.  infenor  cervical  ganKlion;  2,  3,  4.  S, 
tiTmiichfw  fnirn  vayun  and  vaso-«yni|:«tltetic  trunk 
Ipnnit  lo  ranliae  |;ilexiu  (aotne  of  thtne^.!.  A.^ 
carry  occelemior  bben;  B,  tbe  inferior  laryngeal 
ner*'e. 
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completed  by  the  Cyon  brothers — M.  and  E.  Cyon  ♦ — 1866.  These 
fibers  when  stimulated  cause  an  increased  rate  of  beat  and  are  there- 
fore dewipfiiuted  as  the  accelerator  nerve  of  the  heart.  Their  couRf 
has  l^een  worketi  out  physiolofdcally  in  a  number  of  animals.  Among 
the  mammalia  and  indecfl  among  different  animals  of  thesamc^)eciw 
there  is  some  variation,  but  a  general  conception  of  their  origin  and 
course  may  Jie  obtained  from  Figs.  223  and  224,  which  represent  ioi 
schematic  way  the  anatomical  path  taken  by  these  fibers.  Thev 
emerge  from  the  spinal  cord  in  the  anterior  roots  of  the  second,  thini, 
and  fourth  thoracic  spinal  nerves.    According  to  some  authors,  tbev 

may  be  foun<l  also  in  the  fifth 
thoracic  and  the  first  thoracic  or 
even    the    lower    cer\'ica!   spina! 
nerves.    They  pass  then  by  w 
of  the  while  rami  to  the  stellate 
or  first  thoracic  ganglion  (6).  and 
thence  by  way  of  the  annuhis  of 
Vieussens  (7)  to  the  inferior  wr- 
vical    ganglion.       A    number  of 
branches  leave  the    s^onpalhetic  , 
system  and   the    vagus   in  this 
region    to   pass    to    the  cardiw 
plexus  and  thence  to  the  heart. 
The  accelerator  fibers  are  found 
in  some  of  these  branches.  mw«l 
in   some    cases    with    inhibitory 
fibers  from  the  vagus.     In  thecal 
Boehm    lias  desicribed    a   special 
branch  (ner^'us  accelerans)  wbich 
run8  from   the    stellate  gan^Uoii 
dii^ct  ly   to    the    cardiac    plex»i» 
( Fig.    224 ) .      The    preganglionic 
portion  of  some  of  the  accelerator 
fibers  ends  around   the  gangliou 
cells  in  the  first  thoracic  ganglion,  while  others  appareiitlv  nml 
their  lirst  t^^nuination  in  the  iufeiior  cervical  ganglion.     Tlie  accei 
rator  fibers  may  l>c  stimulated  in  the  t?pinal   roots   in   which   the 
emerge  (II,  III,  IV).  in  the  aiinulus  or  in  some  of  the  branches  ihj 
arise  from  the  annuhis  or  from  the  inferior  cervical  ganglion  (5, 
2).    It  will  l>e  borne  in  mind  that  no  accelerator  fibers  are  foun( 
in  the  cervical  sympathetic  al>ove  the  inferior  cervical  ganglion. 

.\t  various  times  investigators  have  nsacrtcd  that  accelerator  fibers 
contained  also  in  ilio  vagiis  ncn-c.     Thus,  it  has  been  sliown  tliai,  after  tl 

♦  For  the  his(ory  and  litonitiire  of  tlie  accelerator  ner\*e«  see  Cyon,  ar 
••CcEUr,"  p.  ](KS,  in  Richet'p  "  nictionnaire  de  Phvwologie."  1900;  or  Ti 
Btodt,  "Lehrbuch  dcr  Physiologic  des  Kreislaufea/' ''«"   »>W3 


Fig.  224.— Skeli-h  fo  show  (he 
erator  (and  nuBincnior)  branchen  fmm  the 
«t«UiLte  Ran^o»  (iti  iho  cat,  left  Aitk)) :  1, 
The  vvDtnkl  tirancl)  of  llie  unnutu*;  2, 
snuill  bnunrli  rui't  cntiittantly  prejvcnl  ;  3, 
HfK'hmV  accelerator  nen-c  ^N.  cardjaciue 
ganatio  rtelluto). 


260.  1893. 


« 


of  the  inhibitory  fibers  in  tlie  heart  by  atropin,  stimulation  of  the 
CAU8C8  an  ufcelerauon  of  the  heart.     Little  attention  has  been  paid  to 
y  of  theflc  fibers,  noce  it  Hwms  evident  that  the  gc«at  outflow  of 
ktors  is  nuuie  via  the  aympathetic  fiystem. 

The  Action  of  the  Accelerator  Fibers, — In  experimental 
work  the  accelerators  are  usually  stimulated  in  one  or  nioi*e  of  the 
branches  represented  schematically  a^  5,  3,  6,  in  Fig.  223,  or  3,  in 
Fie.  224.  The  effe<'t  is  an  increase  in  the  rate  of  beat  of  the  heart, 
which  mjiy  be  ver>'  evident,  amounting  to  as  much  as  70  per  cent, 
or  more  of  the  orip:inai  rate,  or  may  l>e  veo"  slight.  When  accelera- 
tion is  obtaineil  the  latent  period  is  considerable  and  the  heart 
does  not  return  at  once  to  it*  normal  rate  upon  cessation  of  the 
stimuluH  (see  Fig.  225).  In  some  cases  the  effect  u|xm  the  heart 
19  an  acceleration  pure  and  simple, — that  is.  the  rate  of  beat  is 
increiiaed  without  any  evidence  of  an  increiuse  in  the  force  of  the 
beats.  The  larger  number  of  l»eats  is  offset  by  the  smaller  amplilutle 
of  each  bc»at;  so  that  the  bkMi<l-prc»ssiii-e  in  the  arteries  is  unchanged. 
In  other  ruses  the  effect  upon  the  iu'art  may  1m*  an  iticreuse  nol  only 
in  rate  but  also  in  the  force  or  energy  of  tlie  U-uts.  or  the  rate  may 
remain  unaffected  and  only  the  force  of  the  heart  l>eats  be  increased. 
For  these  reasons  mast  authors  favor  the  view  that  the  accelerator 
nerves,  so  calleil,  contain  in  reality  two  sets  of  filx*rs,  one.  the 
accelerators  proper,  whose  function  is  fjim])ly  to  accelerate  the  rate, 
and  one,  the  angmentors,  that  cau.se  a  more  forcible  !)eat.  The 
augmenting  action  is  obtained  especially  from  (he  nerves  of  the 
left  side. 

Tonicity  of  the  Accelerators  and  Reflex  Acceleration. — 
The  resuhs  of  the  most  cari'ful  work  show,  without  doul)t,  that  the 
accelerators  to  the  heart  are  normally  in  a  state  of  tonic  activity.* 
When  these  nerves  are  cut  upon  botli  sides  the  heart  rate  is  decreased. 
We  must  believe,  therefore,  tliat  under  normal  conditions  the  heart 
muscle  Ls  under  the  constant  influence  of  two  antagonistic  inftu- 
encee«  one  thnmgh  the  inhiljitor>'  fillers  tending  to  slow  the  rate, 
one  through  the  accelerator  filwrs  temUng  to  quicken  the  rate.  The 
actual  rate  at  any  moment  is  the  resultant  of  these  two  influences. 
While  such  an  arrangement  seems  at  frrst  sight  to  be  unnecessary' 
from  a  mechanical  stand|)oint.  it  is  doubtless  true  that  it  |)oases8ea 
some  distinct  advantage.  Possibly  it  makes  the  heart  more 
promptly  res|X)nsive  to  reflex  regulation,  lialanced  mechanisms 
of  this  kind  are  found  in  other  juirts  of  the  body  where  smooth  and 
prompt  reactions  to  stimulation  seem  to  be  especially  necessari*.^ 
for  example,  the  constrictor  and  dilator  fil>ere  of  the  iris,  the  ex- 
tensor and  flexor  muscles  of  the  joints,  ete.     Physiologists  have 

*  For  B  discuwton  of  thin  and  otiier  |>nintH  in  the  physiology  of  the  ac- 
relerat^re  fee  Hunt,  "Ameriran  Joumal  of  rhyj*ioIo(CY/''2,  395,  1899,  and 
'Journal  of  Flx{>erimental  Medicine,"  2.  151,  1897. 
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Studied  experimcntiilly  the  effect  upon  the  heart  of  stimulating 
simultaneously  the  inhibitory  and  the  accelerator  nerves.  The  work 
done  upon  this  subject,  by  Hunt  seems  to  make  it  very  certain  th&t 
in  all  such  cases  the  result,  so  far  as  the  rate  is  concerned.  \s  the 
algebraic  sum  of  the  effects  of  the  separate  stimulations  of  the  nen'e. 
The  inhibitor)'  and  the  accelerator  filjers  must  be  considered, 
therefore,  as  true  antagonists,  acting  in  opposite  ways  upon  the 
same  part  of  the  heart.  Tlie  existence  of  the  accelerator  nencs 
makes  possible,  of  course,  their  reflex  stimulation.  Experimentally 
it  is  found  that  stimulation  of  various  sensor>*  ncn'es — those  of  the 
limbs  or  trunk,  for  instance — may  cause  refiexly  either  an  incresse 
or  decrease  in  the  heart  rate,  and  as  a  matter  of  experience  we  know 
that  our  heart  rate  may  l>e  increased  by  various  changes,  particu- 
larly by  emotional  states.  The  natural  explanation  of  such  ac- 
celerations is  that  they  are  due  to  reflex  stimulation  of  the  nerve 
cells  in  the  central  nervous  system  which  pve  rise  to  the  accelerator 
fillers.  But  another  point  of  view  is  possible.  An  increase  in  heart 
rate  may  be  brought  alK>ut  either  by  a  reflex  stimulation  of  the 
accelerator  fil>ers  or  by  a  reflex  inhibition  of  the  car(.iio-inhihitory 
center.      Hunt  est)ecial]y  has  presented  many  experimental  facta 


.■Trr;wraT.v»-«wrw.m,n«mr, 


Tig.  225. — To  show  thr  acceteration  and  ftUKtDFntation  produced  by  a  irtronit  stinititiiiL 
lAolattsl  cat>  hrart,  ptimulation  on  left  wdp.  Thv  upper  cxirve  ipvcs  the  vmirirular 
0ODtractiun!>.  the  luwer  cue  tti«  auricular  CDtitrBctiutis.  TIif  Uiwpmi<Mi  ltD«  fcive*  ike 
tiiup  in  wcoiid.'*  nnd  the  line  nbo%'F  indicates  tUe  duratiun  of  the  ntimiilalinn  of  Ine  mecti- 
eratcr  nen-t*. 


which  indicate  that  an  increase  in  heart  rate  from  reflex  action  ma; 
be  produced  by  an  inhibition  of  the  tonic  activity  of  the  cardio- 
inhibitor>'  ^-eriter.  He  finds,  for  instance,  that  when  the  two  vagi 
are  cut  stimulation  of  various  sensorj*  nerves  fails  to  pve  any 
increase  in  Ibe  already  rapid  heart  rate,  while,  on  the  contrary, 
when  the  two  accelerator  paths  are  cut  a  reflex  inrreuse  in  heart 
rate  may  be  obtained  readily.  Hering  *  on  the  other  hand,  irivca 
experimental  evidence  to  show  that  the  acceleration  nf  the  heart 
foliowin*;  uixm  muscular  exercise  does  not  occur  when  the  accel- 
erator nerves  are  cut,  a  fact  which  seems  to  show  that  these  nerves 
may  Ije  reflexly  stimulated.  We  may  conclude,  therefore,  that 
the  accelerator  and  the  inhibitor>*  fibers  are  working  constantly 
♦HeriDg,  "Centralbiatt  (,  Phyeiol.,"  1894,  viii.,  76. 
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on  the  heart,  and  that  its  rate  is  the  resultant  or  algebraic  sum  of 
their  effects,  and  that  sudden  changes  in  this  rate,  such  as  result 
from  sensory  or  psychical  disturbances  of  any  kind,  may  be  referred 
to  a  reflex  effect  uptjn  either  the  curdio-inhibitory  or  the  accelerator 
cemer.  While  phyaiologj-  has  demonstrate*!  the  general  properties 
of  the  regulating  nerves  of  the  heart,  the  inhibitory,  on  the  one 
hand,  and  the  accelerator  and  augmpntor  on  the  other,  it  is  necessary 
for  much  more  work  to  be  done  in  order  to  explain  satisfactorily 

ft   how  these  nci'\es  participate  in  the  various  normal  and  pathological 

■  changes  of  rate  and  force  of  beat. 

^r^  The  Accelerator  Center. — The  accelerator  filierw  arise  priinarily  in 
^■fl|tal  central  nerv'oiu  fty-^tem.  Since  stinnilatioii  nf  the  up)>er  cervical  region 
WV  the  cord  causc«  acceleration,  it  soeiiis  evident  that  the  patli  niudt  Ijcgin 
somewhere  In  the  brain.  It  has  been  assunte*:!  that,  like  the  inliibitory  fibers, 
the  path  MAitii  in  the  medulla,  and  that,  therefore,  the  celln  in  that  orf^an 
which  irive  rit*e  to  the  accelerator  filjerw  constitute  the  accelerator  center 
throufch  which  reflex  effects,  if  any,  take  place.  An  a  matter  of  fact,  the 
lAefttiom  of  ihfrso  celirt  of  nrifjin  has  not  l>pen  made  out  satisfactorily.  The 
matler  nfTens  uiuL'^ual  difficulty  on  the  ex[)eriTnentul  side,  owiii^  to  the  existence 
of  the  caniio-inliibitury  center  in  the  medulla  and  the  absence  of  any  entirely 
ntufMiton,'  mcthiHl  nf  distin^uishinf;  certainly  between  reflex  acceleration 
through  this  center  and  through  the  accelerator  ceater. 


CHAPTER  XXXI. 


THE  RATE  OF  THE  HEAKT  BEAT  AND  FTS  VARIA- 
TIONS UNDER  NORMAL  CONDITIONS, 

The  rate  of  heart  l>cat  clianges  quickly  in  response  to  >'ariatioffl 
in  either  the  int<*rnal  or  external  conciitions.  Therein  lies,  in  fact, 
the  great  value  of  the  regulatory  (inhibitor^'  and  accelerator)  ner\*es. 
Through  their  agency,  in  large  part,  the  piuiip  of  the  circulation  Is 
reflexly  adjusted  to  suit  the  changing  needs  of  the  organism  and 
adapted  more  or  less  successfully  to  alterations  in  the  cxtenul 
environnient.  The  variations  in  the  rate  of  Ixjat  may  I)e  considered 
under  three  general  heads:  (I)  Fixed  adjustments  to  the  different 
mechanical  conditions  of  the  circulation.  (II)  Variations  caused 
by  reflex  effects  upon  the  inhibitory  or  accelerator  nerves.  (Ill) 
Variations  caused  by  changes  in  the  physical  or  chemical  conditions 
of  the  blood. 

The  Fixed  Adjustments  of  Rate.^\Mien  we  speak  of  the 
normal  pulse  rate  we  mean  the  rate  in  an  adult  when  in  a  con<liUoa 
of  mental  and  bodily  repose.  Examination  shows  that  under  th« 
circumstances  there  are  great  intlividual  variations.  The  average 
normal  rate  for  man  may  be  estimated  at  70  beat5  per  minute; 
for  woman,  78  to  80  !>eats;  but  the  normal  rate  for  some  indinduab 
may  be  much  lower  (50)  or  much  higher  (90).  Among  the  contli- 
tions  for  which  the  heart  rate  shows  a  certain  constant  fixed  adapU- 
tion  the  following  may  be  mentioned: 

Varmiions  with  Sex. — The  average  pulse  rate  in  women  is.W 
a  rule,  higher  than  that  in  men,  and  this  difference  eeenas  to  hold 
for  all  periods  of  life. 

Vtirutiiuns  with  Size, — ^Tall  indixiduals  have  a  slower  pulse 
rate  than  sliort  persons  of  the  same  age.  Several  observers  have 
thought  tliat  they  could  detect  a  constant  relationship  betweea^ 
size  and  pulse  rate.  Thus,  Volkmann  believed  that  the  pula^| 
rate  varies  inversely  as  the  five-ninth  power  of  the  height.  In 
the  same  direction  it  is  found  that  small  animals,  as  a  rule,  have 
a  liigher  pulse  rate  than  larger  ones.  Thus,  elepliant,  25-2S: 
horse  and  ox,  36-50;  sheep,  60-^);  dog,  100-120;  rabbit.  l.Wji 
snmll  rodents,  175  or  more.  It  would  seem,  from  these  fact^i,  tl 
the  fast  rate  in  the  small  animals,  with  their  shorter  circnh 
path  and  smaller  volume  of  blood,  is  necessary  to  the  meol 

546 


THK  RATE  OF  THE  HEART  BEAT. 

fulfillment  of  the  functions  of  the  blood,  and  has  been  preserved 
by  natural  selection. 

Variations  with  Age. — In  line  with  the  last  condition  it  is  found 
in  nian  tliat  the  pulse  rate  is  liighest  in  infancy,  sinks  quite  rapidly 
at  first  and  then  more  slowly  up  to  adult  life,  and  rises  a^am 
slightly  in  very  old  age  at  the  time  that  the  IkkIv  underRoea  a 
peireptible  shrinkage.  The  most  extensive  data  upon  this  point 
are  found  in  the  works  of  the  older  oijservers  *  According  to  Guy, 
a  condenseil  suniinar>'  of  the  average  results  obtained  at  different 
periods  of  life^  both  sexes  included,  may  be  given  as  follows: 

At  birth 140 

Infancy 120 

Childhood 100 

Youth 90 

Adult  age 75 

Old  age 70 

Extreme  age 75-80 

The  Variations  in  Pulse  Rate  Effected  through  the  In- 
hibitory and  Accelerator  Nerves. — Most  of  the  sudden  adaptive 
pJiunges  of  the  heart  rate  come  un*ier  this  head.  In  the  laboratory 
we  find  that  stinmlation  of  all  senson*  nerve  tninks  may  affect 
the  heart  rate,  in  some  cases  increasing  it,  in  others  the  reverse. 
in  life  we  find  that  the  pulse  rate  is  ver>'  responsive  to  our  changing 
seDBations  and  especially  to  mental  conditions  that  indicate 
deep  interest  or  emotional  excitement.  In  a  previous  paragraph 
(p.  .543)  the  physiological  cause  of  tliis  effect  has  Ijcen  discussed 
briefly.  It  may  arise  either  from  a  reflex  excitation  of  the  accelera- 
tor nerves  or  a  reflex  inhibition  of  the  tonic  activity  of  the  inhibitory 
nerves.  The  facts  at  present  seem  to  favor  this  latter  e-xplanation. 
In  addition  to  these  reflexes  associated  with  conscious  states  the 
heart,  is  susceptible  to  reflex  influences  of  a  totally  uncons(nous 
character  connected  with  the  states  of  activity  of  the  visceral  organs. 
For  example,  after  meals  the  heart  beat  increases  usually  in  rate 
and  especially  in  force  of  beat,  thereby  counteracting  the  effect  on 
blcKMl  pressure  of  the  large  vascular  dilatation  in  the  intestinal  area. 

Vnriahona  in  Heart  Rate  wUh  the  Condition  oj  Jilood-jn-casurc, — 
It  has  long  been  known  that  when  the  blood- pressure  in  the  arteries 
falls  the  pulse  rate  increases  and  when  it  rises  the  pulse  rate  de- 
creases. Thus,  the  low  blood-pressure  that  is  characteristic  of 
the  condition  of  surgical  shock  is  iissociated  with  a  vejy  ra[)id 
rate  of  heart  beat.  There  is  a  certain  inverse  relationship  between 
pressure  and  rate  which  has  the  characteristics  of  a  purposeful 
ai^laptation.  The  quicker  pulse  rate  following  upon  the  low  pressure 
tends  to  increase  the  output  of  blood  and  raise  the  pressure.    There 

•See  Volkmann,  "Die  Hftmodvnanuk,"  p.  427  1850;  aUo  Guv,  article 
"Pufae"  in  Todd's  "CyclopaHiia  of 'Anatomy  and  Pli.x'siologN-,"  lft47-49. 
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was  formerly  much  discussion  as  to  whether  tliis  relationshif)  ij 
brought  tthout  by  reflexes  through  the  extrinsic  nerves  of  the 
heart  or  whether  it  is  due  to  some  direct,  perhaps  mechanical, 
effect  upon  the  hejirt.  The  exijeriments  of  Newell  Martin  upon 
the  isolated  heart  seem  to  have  srttlwl  the  matter  satiafactoriJy.* 
By  a  methiiii  devised  by  h'liu  he  kej>t  dogs'  hearts  beating  fur 
many  hours  when  isolated  from  all  connections  with  the  bo<l> 
except  the  lungs.  Under  these  conditions  it  was  found  that  even 
extreme  variations  in  blood-pressure  did  not  affect  the  heart  rait. 
Consequently,  the  variation  that  docs  take  place  under  noram) 
conditions  nutst  be  due  to  a  reflex  stimulation  of  the  cardiac  nerves. 
The  origin  of  tlie  senson*  stiniulus  in  this  reflex  is  not  clearly  known; 
possibly  the  afferent  nen*e.s  uf  the  heart  itself  are  stimulated  or 
afferent  filxirs  distributed  to  the  walls  of  the  aorta. 

VaruUions  wUh  Muscular  Exercise. — It  Ls  a  matter  of  everyday 
experience  that  the  heart  mte  increases  with  muscular  exercise. 
A  simple  change  in  ix)8ture,  in  fact,  sulfiees  to  affect  the  heart 
rate.    The  rate  is  liigher  when  standing  (80)  than  when  silling 
(70)  and  higher  in  this  latter  condition  than  when   lying  down 
(66).     Unusual  exertion,  as  in  running,  causes  a  ver>'  marked  aini 
lon^-lasting  increase  in  the  pulse  rate.     The  purposeful  rharac- 
ter  of  this  adaptation  is  very  evident.     Increase  in  muscular  acti\iiy 
calls  for  a  more  rapid  circulation  to  supply  the  ox>'gen  and  other 
elements  of  nutrition,  lint  the  phy^^iojogical  mechanism  by  wluch 
this  adaptation  is  obtained  is  not  explained  satbfactorily.    Johan*- 
son,t  who  has  studied  the  matter  carefidly,  concludes  that  the 
effect  is  due  mainly  to  two  causes:  First,  to  the  effect  of  the  chem- 
ical products  of  metabolism  in  the  active  muscle,  which  are  given 
off  to  tike  circulation  and  are  then  carried  to  the  nen'e  centers i 
where  the>'  affect  the  canliac  nerves,  or  possibly  to  an  effect  oEj 
these  metabolic  jjroducts  on  the  heart  directly.    He  considers  thif] 
factor  as  of  relati>'ely  suboniinate  importance.    Second,  the  chi< 
factor  is  found  in  an  associated  activity  of  the  accelerat^ir  nen'i 
That  is.  the  discharge  of  iui|>ulses  along  the  voluntary'  motor  jjat 
(pyramidal)  sets  into  activity  at  the  same  time  and  profxirlionall] 
the  center  of  the  accelerator  nerve  fibers.     Hering,  J  on  the  coi 
trary,    gives    experimental     evidence     for     the     view     that     the 
increase  hi  heart   rate  after   exercise   is   due  to  a   reflex   stim- 
ulation of    the    accelerator    nerves    of    the  heart.      After    pro- 
longed or  excessive   muscular    exertion    the  heart  rate  remains 
accelerated  for  a  considerable  fjeriod  after  cessation  of  the  work.— a 
fact  which  would  indicate  some  long-lasting  influence,  such  as  is 

*  Martin,  "Stvuiiea  from  tlie  Bioloeioa 
vereity,"  2,  213,  1S82;  Hlso"C(tIl«i'te<l  PliysioloKinil  PHi>ens 


ioal  Lflboraton*,  Johns  Hnpkins  V 
p.  25.  1895. 
t  Johanason,  "SkaniiinavUrhes  Arcliiv  f.  Phyaiologie,"  5,  20,  1895. 
i  ^'Ceotralblatt  f.  Phyaiologie/'  8,  75,  1894. 
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p]ied  in  the  first  factor  given  above, — the  effect  of  the  products  of 
muscular  metal^oliani. 

Variatiotis  mUh  the  Gaseous  CotidUiwis  of  Uve  Bl4)od. — In  con- 
ditions of  asphyxia   the  altered  gaseous    contents    of  the  blooil 
increase  in  COjand  decrease  in  O,,  act  upon  the  nuHhiIIar>*  centers 
of  the  cardiac  nerves,  causijig,  fir^i, 
an  increase  and  then  a  decrease  in 
heart  rate. 

The  Variations  in  Pulse  Rate 
Due  to  Changes  in  the  Composi- 
tion or  Properties  of  the  Blood.— 
'Ihe  condition  untier  this  head  that 
lias  the  most  marked  influence  upon 
the  heart  rate  is  the  temi>eratiuie  of 
the  blood.  Sfieaking  generally,  the 
rate  of  beat  increases  regidarly  with 
the  temfK^rature  of  the  blood  or 
other  circulating  liquid  up  to  a  cer- 
tain optimum  temperature.  On  tfie 
heart  of  the  cold-biooded  aiumal  this 
relationship  is  easily  demonstrated 
by  supplying  the  heart  with  an  arti- 
ficial circulation  of  Ringer's  solu- 
tion, which  can  be  heatetl  or  cooled 
at  pleasure.  The  rate  antl  force  of 
the  beat  increase  to  a  maximimi, 
which  is  reached  at  about  'iO°  C. 
(see  Fig.  226),  Beyond  this  opti- 
mum temperature  the  beats  decrease 
in  force  and  also  in  rate,  liecoming 
irregular  or  fibrillar  before  the  heart 
finally  comes  to  rest.  Newell  Mar- 
tin* has  shown  the  same  relation- 
ship in  a  very  conclusive  way  upon 
the  isolated  heart  of  tlie  dog. 
Within  physiological  limits  the  rate 
of  beat  rises  and  falls  8ul>stantially  parallel  to  the  Variations  in 
temperature  as  is  shown  by  the  chart  reproduced  in  Fig.  227.  The 
accelerated  heart  rate  in  fevers  is  therefore  due  probably  to  the 
direct  influence  of  the  high  temjierature  upon  the  heart  itself.  The 
same  obser\'er  determine<i  exi)erimenta]ly  the  upjier  and  lower 
lethal  limits  of  temperature  for  the  mammalian  heArt.  The  experi- 
ments were  made  upon  cats*  hearts  kept  alive  by  an  artificial  circu- 

♦  Martin,  "Croonian  Lecture,  PhilosonhioAl  TraiiHactions,  Royal  Society," 
London,  174,  663,  1883;  also  "Collected  Fhygiologioal  Papere,"  p.  40,  1895. 


Fig  2'.*fi.— To  <»ir.w  iho  tn*^i  nf 
tcniperuturv  on  the  iiitc  aii-l  furce  uf 
the  Itciirt  brat.  f'<>ntrnrlion»  of  the 
trirBpin'r*  vpntricle  Bt  itifTerrtit  letn- 
licratunw.  K>inograph  nmvinK  »t 
the  nine  speed.  At  30°  the  mte  is 
still  toonMUic.  but  ibe  ext«nc  of  oon* 
tnclion  boa  puiwei]  Un  optimum. 
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^^M         lation  throttgh  the  eoronan^  arteries.*    It  was  found  that  the  high-  T 
^^M         est  temperature  at  which  the  heart  will  beat  is  about  44°  to  4o°l',, 
^^m         atthough  a  slightly  higher  teiiii:)erature  may  be  withstood  umler 
^^H         sj^ecial  conditions.    At  the  otiier  extreme  the  m&minalian  beart       , 
^^H         ceases  to  beat  when  the  temperature  fails  as  low  as  17°  to  18°  a           ! 
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^^m               The  ratp  nf  the  heart  beat  may  be  influence 
^^m          Btanres  added  to  the  blood.     The  influence  of  a 
^^m          has  ah-eady  U-cti  nlluded  to,  but  t-hanges  aL>o 
^^H          fitituents  of  the  bli>od  may  have  similar  effects. 
^^H          the  sodium  carbonate  of  the  blood  affects  the 
^^M          Iariy»  however,  in  regard  to  the  amplitude  or  fon 

^^V                  *  Martin    and    Applegarth,   "Kttulies   from   the 
W                  Johna   Hopkins   iriiiversitv,"  4,    275,   1890;    also  " 
fc                 PApers,"  p.  97,  1895. 

d  also  by  many  sub-l 
tropin  and  muscariiM 
in  the  normal  ton- 
Thus,  an  increase  in 
heart  beat,  panicu- 
'eof  the  contraction.™ 
Biolofocal    I^liorAUinrS 

CHAPTER  XXXII. 

THE  VASOMOTOR  NERVES  AND  THEIR  PHYSIO- 
LOGICAL ACTIVITY. 


\ 


During  the  first  liolf  of  the  nineteenth  century  the  physical  or 
meohanicul  comiitions  of  the  eirciiiation  were  oiirefully  studied  and 
G:reat  emphasis  was  laid  upon  such  properties  as  the  elasticity  of 
the  coatA  of  the  \essels.  'I'he  physieal  adaptability  thereby  con- 
ferred upon  the  vaseiilar  tubes  was  thought  to  be  sufRcient  for  the 
purposes  of  the  oireulation.  We  now  know  that  many  of  tlie  blood- 
vessels are  supplied  with  motor  and  inhibitory  nen'e  fibers  through 
whose  activity  the  size  of  the  vascular  beti  and  the  distribution  of 
blood  to  the  various  organs  are  regulated.  We  know,  also,  that 
without  this  ner\*ous  control  the  vascular  system  fails  entirely  to 
meet  what  seems  to  \ie  the  most  important  condition  of  a  normal 
circulation, — namely,  the  maintenance  of  a  high  ftrteria!  pressure. 
Although  a  number  of  ph\'aiologists  had  assumed  the  existence  of 
nen'e  fibers  capable  of  acting  upon  the  muscular  coaia  of  the  blood- 
veasete,  the  exi>erimental  proof  of  the  existence  of  such  nerves, 
UXi  the  l>eginning  of  the  modem  development  of  the  thei)r>'  of 
vasomotor  regulation  were  a  part  of  the  brilliant  contributions  to 
ph>-9iology  made  by  Claude  Bernard.*  In  IS51  liernanl  discovered 
that  when  the  sympathetic  nerve  is  cut  in  the  ne<'k  of  a  rabbit  the 
blfKMl-vessels  in  the  ear  on  the  same  side  become  ver>'  much  diluted. 
He  and  other  obser\'ers  afterward  showed  that  if  the  j»eripheral 
(beftd)  end  of  the  serve<i  nerve  is  stimulated  electrically  the  ear 
becomes  blanched,  owing  to  a  constriction  of  the  blood-vessels. 
Thus  the  existence  of  vasoconstrictor  ne^^■e  fibers  to  the  blood-vessels 
WM  demon.strated.  A  vast  amount  of  experimental  work  has  l>een 
done  since  to  ascertain  the  exact  distribution  of  these  fil>ers  to  the 
various  organs  and  the  reflex  conditions  under  which  they  function 
normally.  Few  subjects  in  physiolog>'  are  of  more  practical  im- 
portance to  the  physician  than  that  of  vasomotor  regulation;  it 
plays  such  a  large  and  constant  part  in  the  normal  acti\'ity  of  the 
various  organs.  Bernard  was  doubly  fortunate  in  being  the  first 
to  demonstrate  the  existence  of  a  second  class  of  nerv^e  fillers,  which, 
when  stimulated,  cause  a  dilatation  uf  the  blo^xl-vessels  and  wliich 

*  See  "Life  of  f  laude  Bomard,"  bv  Sir  Miohael  Ktwtor,  1899,  iu  tlie  sehett, 
''Muter-  of  Medicine." 
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are  therefope  designated  as  vasodilator  nerve  fibers.  This  discorery 
was  made  in  connection  with  the  chorda  l>iniiani  nene,  a  linincb 
of  the  facial,  which  sends  secreton-  fit>ers  to  the  subiuaxillan'  gland. 
When  this  ner\'e  is  cut  and  the  peripheral  end  is  stiniulatai  a  s^r^ 
lion  of  saliva  results  and  at  the  same  time,  as  Bernard  showed,  the 
blood-vessels  of  the  gland  dilate;  the  flow  of  blood  is  greatly  in- 
creased in  the  efferent  vein  and  may  even  show  a  pulse. 

In  the  nen'ous  regulation  of  the  blood-vessels  we  have  to  ton- 
ader,  therefore,  the  existence  and  physiological  activities  0/  two 
aatagonistic  sets  of  nerve  fibers;  First,  the  vasoconstrictor  fibers, 
whose  action  causes  a  contraction  of  the  muscular  coats  of  the  ar- 
teries and  therefore  a  diminution  in  the  size  of  the  vessels.  Second. 
the  vasodilator  ner\*e  fibers,  whose  action  causes  an  increase  in  size 
of  the  blood-vesseb.  due  probably  to  a  relaxation  (luliibitiou)  of  the 
muscular  coats  of  the  arteries.  Before  attempting  to  describe  tbe 
present  state  of  our  knowledge  upon  these  points?  it  will  be  help- 
ful to  refer  to  some  of  the  methods  by  means  of  wliich  the  existenct 
of  vasomotor  fibers  has  been  demonstrated. 

Methods    Used    to    Determine    Vasomotor    Action.— Tbe 
simplest  and  most  direct  proof  is  obtained  from  mere  insperlion, 
when  this  is  possible.     If  stimulation  of  the  ner\'e  to  an  orguk 
causes  it  to  blanch,  the  presence  of  vasoconstrictor  filers  is  dem- 
onstrated unless  the  oigan  is  muscular  and  the  blanching  mftv  be 
regarded  as  a  mechanical  residt.    On  the  other  hand,  if  stimulation 
of  the  nerve  to  an  organ  causes  it  to  l)ecome  congested  or  flushed 
with  blood  the  presence  of  vasodilator  fil)ers  may  be  accepted.    It 
is  obvious^  however,  that  this  method  is  applicable  in  only  a  few 
instances  and  that  in  no  case  does  it  lend  itself  to  quantitative 
study,      2.    Vasomotor  effects  may   l^e  determined   by  measur- 
ing the  outflow  of   blood  from  the  veins.     If  stimulation  of  the      , 
nerve  to  an  organ  caijses  a  decrease  in  the  flow  of  blood  from  the  fl 
veins  of  that  organ,  this  fact  implies  t  he  existence  of  vasoconstricbor  ™ 
fibers,   while  an  opposite  result  indicates  vasodilator  fillers.    3. 
By  variations   in    arterial   and   venous    pressures.     When    vaso- 
constrictor fibers  are  stimulated  there  is  a  rise  of  pressure  in  the 
arterj'  supplying  the  organ  and  a  fall  of  pressure  in  the  v 
emerging  from  the  organ.     This  result  is  what  we  should  expert 
the  constriction  takes  place  in  the  region  of  the  arterioles 
diminution  in  size  of  these  vessels  by  increasing  j)eripheral  resistance 
augments  the  internal  pressure  on  the  arterial  side  of  the  resistance, 
and  causes  a  fall  of  side  pressure  on  the  venous  side  (sec  p.  475). 
If  the  area  involved  is  large  enough  the  increased  resistance  wilk 
make  a  perceptible  difference  in  pressure,  not  only  in  the  orga 
supplied,  but  also  in  the  aorta;  there  will  be  a  rise  of  general  (di 
tolic)  blood-pressure.    On  the  other  hand,  a  vasodilator  action  i 
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any  organ  is  accompanied  by   the   reverse  changes.     Peripheral 

,  resistance  beiiig  diminisheil  there  will  lie  a  fall  of  pressure  on  the 

,  art^ria]  side  and  a  rise  of  pressure  on  tlie  venous  side.  When, 
therefore,  the  stimulation  of  any  nen'e  hrings  about  a  rise  of 
arterial  pressure  that  can  not  be  referreil  to  a  change  in  the  hejirt 
heat  the  inference  made  is  that  the  result  is  due  to  a  vasocon- 

'  rtriction.  When  the  method  is  applie<i  to  a  definite  organ — the 
brain,  for  instance — it  becomes  conclusive  only  when  simultaneous 
oJjsen'ations  are  made  uj)on  the  pressure  in  the  arterv*  and  the  vein 
of  the  organ,  and  proof  is  obtained  that  the  pressures  at  these  points 
var>'  in  opposite  directions.  4.  By  observations  upon  the  volume 
of  the  organ.     It  is  obvious  that,  other  conditions  remaining  un- 

1^  changed,  a  vasoconstriction  in  an  organ  will  be  accompanietl  by 
a  diminution  in  volume,  and  a  vasodilatation  by  an  increase  in 
volume.  This  metliod  of  studying  the  blootl-supply  of  an  organ  is 
designated  as  pldhysmographij,  and  any  instrument  tlesigned  to 
record  the  changes  in  volume  of  an  organ  is  a  -plcthysmograph  * 
Plethysmographa  have  l)een  designetl  for  special  organs,  and  in  such 

I  caaes  they  have  sometimes  l>een  given  s[>e<'ial  names.  Thus,  the 
plethysmograph  used  upon  the  kitlney  and  spleen  has  been  desig- 
nated as  an  oncometer.    The  precise  form  and  structure  of  a 

'  plethysmograph  varies,  of  course,  with  the  organ  studied,  but 
the  principle  used  is  the  same  in  all  cases.  The  organ  is  inclosed 
in  a  box  with  rigid  walls  that  have  an  opening  at  some  one 
]X)int  only,  and  this  oijening  is  placed  in  connection  with  a  recorder 
of  some  kind  by  tubing  with  rigid  walls.  The  connections  lietween 
recorder  and  plethysmograph  and  the  space  in  the  interior  of  the 
latter  not  occupied  by  the  organ  may  Ix^  filled  with  air.  or  as  is 
more  usually  the  case  with  water.    'J'he  itlea  of  a  plethysmograph 

may  l>e  illustrated  by  the  skull.  This  structure  forms  a  natural 
plethysmograph  for  the  brain.  If  a  hole  is  bored  thnjugh  the  skull 
mt  any  poiji(  and  a  connection  is  then  made  with  a  recorder  of  some 
kind,  such  as  a  tambour,  the  volume  changes  of  the  brain  may  be 

i  recorded  succeesfully. 

^^■Slie  plethysmograph  geiierultvcniployeil  in  1al>oratoneH.  particularly  for  m- 

^l^^atioiis  on  man.  is  some  nioJifioation  uf  the  form  ileviaod  by  Motso  (see 

I^ir.  228 1      Ttie  hand  nn<l  more  or  less  uf  the  arm  i>«  plarc^i  tn  a  fcULt»  eyliiuler 

whirh  Uf  «wimK  freely  from  a  supiMirt.     Tlie  openiiip  around  the  arm  L<  ^hut 

off   hy  a   cuflf  of    ruhl>er  dam  tnat  mu^t   be  choH:n  of  such  a  size  as  to 

fit    the  unu  snugly   without   eomprew>iou     of    the    ^tuperficial   veim*.     Tlie 

|<  lorward   erul   of   the  plethv^nioeraph    is  connected    by   tubing  \\\\h   i\    re- 

icorder.      Iliruugli  appropriate  ciiiciiings    the  cylinder  and  connecting  tubes 

u|^fiUod  with   warm   wattr  and    then    idl   openings   are   clo:«d   except    the 

^^Bleiiding  to  the  reconipr.     Anv  inrrea-ne  in   vohime  of  the  arm  will  drive 

PIBr  from    the    pletliysmrtgraph    to  the  recorder,  and   any   decrease,  on 

method,  see  Fran^iv-Franck- 


*  For  a  dewription  of  the  development  uf  thu 
■y**  "Travaujt  du  Laboratoire/'  1876,  p.  1. 
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the  contrary,  will  suck  water  from  the  recorder  into  the  pletbyamogrif'h' 
In  the  author's  liiltoratory  a  aioiiifioutiou  that  has  becu  found  meet  coafY>- 
uient  is  represented  in  Mg.  229.  To  avoid  escape  of  water  at  the  upper  emi 
of  the  tube  aiul  at  the  same  time  to  prevent  compression  of  the  vein»o(tbe 
arm  a  very  thin  nihbcr  glove  with  long  gnunrlct  i.s  use*!.  The  gauntid 
i.s  ^trengtlieiied  by  cufT»of  dam  tubing,  w>  ^huwn  in  the  ill ast ration,  and  lU 
are  retlected  over  the  end  of  the  plethysmograpli.  The  outer  cuff  f3)  miy 
be  omitted.  The  hand  is  inserteti  into  the  cvUnder  and  is  hcUi  in  plai-e  t»v 
flexing  the  fingers  through  the  rings.  Tlie  plet  by  sinograph  l)etnK  bu-«f«nilea 
freely  from  the  ceiling,  any  movement  of  the  arm  will  move  the  instrument  u 
a  whole  without  disturbing  the  ntjailioii  of  the  arm  in  the  instniment.  By 
means  of  ringHof  hard  rubljer(Z>,£).  one  fitting  around  the  rira  of  the  iilethj>- 
mograph  and  the  other  adapter)  more  or  lens  clo««ly  to  the  size  of  the  tomrm, 
the  reAet-ted  [X)rtion  of  the  gauntlet  and  cuff  hi  held  in  place  and  prerenl«il 
from  giving  way  readUy  to  any  rufc  of  pressure  in  the  plethysmogrepb.    The 


FIfr  928.— A  •cbflmatic  diacrmin  of  Moaao'n  plethysnioKrapb  fur  the  arm*:  a,  tlni 
fiyBnder  For  tbe  arm,  with  rubber  aloeve  and  twotuhulatures  fnr  filling  with  wa.nii  vanri 
K,  thf^  !«ptnU  fipnng  swinnn^  tho  \est  tube,  I.  The  Hpritu  is  ao  calibraiod  that  the  levdal 
the  liquid  in  the  te»t  cube  above  the  orni  rcmaiiia  uacaaoged  as  the  tube  is  filled  wwl 
fODptieU.     The  uiovement.v  uf  the  tube  are  reconlod  oa  a  dnini  by  tbe  writuifE  [x>iot,  p- 


interior  of  the  latter  I*  connecte*!,  as  shown  in  Fig  228.  to  a  test  lul»c  mvuh, 
byaspind  spring  (Bowditch's  recorder).     Tbe  spring  is  ho  nd  jii'stwl  by  tndil 
it  Htnks  and  rises  exactly  in  proportion  to  the  inflow  or  ouillow  of  water.     D 
this  meiuw  the  level  of  the  water  in  the  tube  is  kept  constant,  and  HinoettietH^j]' 
tion  of  this  level  detennines  the  pre?wuro  uptm  the  outside  of  the  ann  in  ll 
plethysmograph  this  pressure  U  also  kept   constant  independently  of  il 
change^  iii  volume  of  the  ami.     The  level  shouhl   be  »t    m   th<>    beginn 
so  as  to  make  a    slight   positive   pressure  on   the  ann  sufficient   to  flat 
the  thin    glove    to   tiie  skin  and  I  bus  drive  out  the  air  between  the  iwi 
When  tlie  apparatus  is  conveniently  arranged,  with   flings  to  ^upi^nn  tl 
en>ow,  ol»f*ervations  mav  l>e  made  u|)on  the  rhang&t  in  volume  of  the  a 
iluring  long  perin<ls.     "fhe  rchultt;  »o  obtained  are  referreil  t-o  under  seve: 
heading!?.     With  the  form  of  reconlcr  descril)e<l  the  plethy^^moGraph  s 
usually  only  the  slow  changes  in  volimio  of  the  arm,  due  to  a  greater  or 
amotmt  of  blood.     By  iLsing  a  more  sensitive  recorder  and  making  tlte 
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nectioru  entirely  rigiil  the  smaller,  quicker  rhiin|;e!^  in  volume  caased  by  the 
heart  beat  are  kUm)  recorde*!.  A  volume  piilf*e  i^  obtained  resembling  m  its 
BBneral  (onn  the  pressure  pub«  given  by  the  spliygrnoRrftph.  When  i^sed 
Tar  this  purpo^  the  instruiueut  is  de^chbeti  a^s  a  hydrosphygmoyraph. 

Records  taken  of  the  volume  of  the  hand,  foot,  brain,  or  any 
other  organ  show  that  in  a<ldition  to  the  changes  caused  by  the 
heart  l>eAt  and  l>y  the  respirator^'  movements,  there  are  other  more 
imeguhir  variations  that  are  continually  occxirrin^  the  cause  of  wiiich 
is  to  1)6  found  in  the  variations  in  the  amount  of  blood  in  the  organ. 
Day  and  night  these  changes  in  volume  take  place,  and  they  are 
referable  to  the  activity  of  the  vasomotor  system.  Vasoconstriction 
or  vasodilatation  in  the  organ  itself  cause  what  may   be  called 


Fig.  'JiW.— r»f-    -'r- '  ' — ': — "if  the  icliLvn  plethysmofniph  with  the  arraii|g»tD«Dt  nf  nib- 
bef  slow  tn  [ipr- .  >  lit.  riunprpJvuiiK  (he  vrms.    2.  The  i^ova  with  its  nuntlflt 

railoc(«d  over  O"  <  vluidcr:    1  and  3,  supporting  pieces  ot  stout  rubber  lut>- 

iwr;  X>mtid  £,  M-<.M<>i<-  --i  --u^'i  .^ii.I  inaer  lingD  of  bard  rubber  (o  fasten  the  reflectoil  rubber 
notns  and  reduce  the  opening  fur  the  nnu. 


t 
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AD  acUve  change  in  volume.  But  vasoconstriction  or  vasodilata- 
tion in  other  organs  may  cause  a  perceptible  change,  of  a  passive 
kind,  in  the  volume  of  the  organ  under  obsenation.  For,  since 
the  amount  of  bloo<l  remains  the  same,  a  change  in  any  one  organ 
must  affect  more  or  less  the  volume — that  is,  the  bloocl  contents — 
of  all  other  organs. 

General  Distribution  and  Course  of  the  Vasoconstrictor 
Nerve  Fibers. —  Thet^e  filK?r¥i  Indong  to  the  autonomic  system,  unci 
consist,  therefore,  of  a  j^reganglionic  fiber  arising  in  the  central 
nerv'oiLS  system  and  a  fH)stgangl ionic  fiber  arising  from  the  cell  of 
some  sympathetic  ganglion.  The  general  arrangement  of  the  auto- 
nomic system  (p.  234)  should  l>e  reviewe<l  in  this  connection.  It 
has  l>een  shown  by  experiments  of  the  kind  descril>etl  under  the  last 
hearling  that  vasoconstrictor  fibers  are  present  in  numerous  nerve 
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tninks.  f)Ut  especially  in  those  tiistributed  to  the  skin  and  to  the 
abdominal  mul  [x^lvic  organs.  If,  fur  instance^  the  Kinatic  or  the 
splanchnic  nerve  l>e  cut,  to  avoid  reflex  effects,  and  the  peripheral 
end  be  stinuihitcd,  there  will  l)e  a  strong  constriction  of  the  \T3eelif, 
which  may  he  iletectetl  by  ocular  inspection,  blanclung;  by  the 
increa-se  in  arterial  pressure;  or  by  the  diminution  in  vt>lume  of  the 
organs.  The  vajioeonstrictor  fibers  supplying  these  two  great 
regions  arise  imraettiatcly  (postganglionic  fibers)  frt»m  one  or  other 
of  the  ganglia  constituting  the  sympathetic  chain,  or  fmm  th*  lofge 
prevertebral  ganglia  (celiac  ganglion,  for  instance)  diretuly  con- 
nected with  it.  Ultimately,  of  course,  they  arise  in  the  oentnl 
nervous  system  (preganglionic  fiber},  and  it  has  been  shown  that. 
for  the  regions  under  consideration,  they  all,  with  a  few  compin- 
Uvely  unimportant  exceptions,  leave  the  spinal  cord  in  the  giwt 


TUi-  230.— -Scfaema  to  «how  the  path  of  the  prc^KHf^aiiic  and  pociAi 
of  m  vaftoconmtrictnr  nervo  fiber:  *»,  Antonor  root.ahowlDg  the  oi>ui>w  ofllie 
fiber  a«<  a  iii>tl«<J  lino:  rf.  v.  tional  aiul  vcnlrol  branebos  of  the  Apioal  nen-e:  r, 
communicanN;  (/.  the  ji^inpathetio  eunKli"!!.     The  poatBancliouic  fibern  in  saeh  nuntta  i 
frolu  the  ^ympnthelic  gaOKhoD  witn  which  it  if  iviuD«f)t«d.     The  prCKancUoilio  fltMnii 
tng  at  any  ganclioa  may  paas  up  or  down  to  eud  m  the  celLi  of  aom«  oOier  ga 


outflow  that  takes  place  in  the  thoracic  region  from  the  seoonc 
thoracic  to  the  setrond  lumbar  nerves  (p.  236).     In  this  outflow 
they  are  mixed  with  other  autonomic  fil>ers,  such  as  the  sw^af 
fibers,  pilomotor  fil>ers,  accelerator  fibers  to  heart,  pupikKlilatoi 
fi)>ers,  visceromotor  fil>ers,  etc.   Emerging  in  the  anterior  root5.  ibey 
pass  to  the  sympathetic  chain  by  way  of  the  corre^jKinding  raniu 
communicans.     Having  reaclietl  the  chain,  they  end  in  one  or  oth( 
of  the  ganglia,  not  necessarily  in  the  ganglion  T^ith  which  the  ramus] 
connects  anatomically.    The  preganglionic  libers  for  the  blood-| 
vessels  of  tlie  submaxillan^  gland,  for  instance,  enter  the  fii 
thoracic  ganglion  of  (he  sympathetic  chain,  but  do  not  actualh 
terminate  until  they  reach  the  eui)erior  cenieal  ganglion  liigh  in  tlw 
neck.    The  postganglionic  fibers  arise  in  the  ganglion  in  which  th* 


IHB  VASOMOTOR  NERVES. 


I 


preganglionic  fibers  terminate.  Those  destinwl  to  supply  the  akin 
of  the  trunk  and  extremities  pass  from  the  ganglion  to  the  cor- 
reeponding  spinal  nerve  by  way  of  the  ramus  communicans  (gray 
ramus)  and  aft^r  roacliing  the  spinal  ner\'e  they  are  di.st  rilnited  with 
it  to  its  correspuiiding  region  (Fig.  230).     In  the  general  region 


Fis.  231. — VaJKRnotor  effect  of  «tiinula.tion  uf  the  splanchnic  nerve-;— peripheral  end-~ 
In  the  (log  {Davton):  1.  The  line  of  tero  preetture;  2,  the  line  of  the  Htimuliitiiic  pcu;  on 
ftod  o/T  mark  the  boftinninff  and  eud  of  the  etimuJatlon:  3,  the  time  record  in  secoDds:  4. 
the  blood -pressure  reconJ  (fltimulniion  causes  a  marked  riae  of  blocxl-preoBure  due  to  Htimu- 
latinn  of  vftrtoconrtrictor  fir»en») ;  .I.  plethyAmo^rniphic  tracing  of  the  volume  of  the  kkdney 
(oiicotneler):  «timulatum  of  tbo  F*planchnic  cauwa  a  diminution  in  volume  of  the  kidiwy 
owins  to  the  con.ttriction  of  ita  arteriole^. 


under  consideration  (lower  cervical  to  upper  lum!)ar)  each  ramus' 
conmiuiLicans  between  a  spinal  ner\'e  and  a  sympathetic  ganglion 
consists,  therefore,  of  two  parts,  one  (white  ramus)  of  preganglionic 
fil)crs  passing  from  the  spinal  nenx  to  the  ganglion,  the  other 
(gray  ramus)  of  postganglionic  fibers  coming  from  the  ganglion  to 
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the  spinal  nerve  for  distribution  to  the  peripheral  tissues.  It  should 
be  t)ome  in  mind  that  the  fibers  in  the  white  ramus  do  not 
return  to  the  spinal  nerve  by  the  gray  portion  of  the  same  ramus, 
but  passing  upward  or  downward  in  the  sympathetic  chain 
return  U)  some  other  spinal  nerve  as  postganglionic  fibers.  In  thw 
way.  therefore,  it  happens  that  the  various  intercostal  nerves  and 
the  nerves  of  the  brachial  and  sciatic  plexus  contain  vasoconstrictor 
fil>ers  as  jxjstganglionic  or  sympathetic  fibers.  On  the  other  hand, 
the  vasoconstrictor  fillers  destined  for  the  great  vascular  region  of 
the  intestines  and  other  abdominal  viscera,  after  reaching  the  sym- 
pathetic chain  by  way  of  the  white  rami  as  preganglionic  fibers,  do 
not  return  to  the  spinal  nerves  by  the  gray  rami.  They  leave  the 
symiMithetic  chain,  still  as  preganglionic  filjers,  in  the  branches  of  the 
splanchnic  nerves  anil  tlirough  them  pass  to  the  celiac  ganglion, 
where  they  nminly  end,  and  their  patli  is  continued  by  the  poeft- 
ganglionic  or  sympathetic  fibers  arising  from  this  ganglion.  More 
specific  information  concerning  the  origin  of  the  vasomotor  fiben 
to  the  different  organs  is  given  in  condensed  form  farther  on.  It  i» 
quite  important  in  the  l>eginning,  however,  to  obtain  a  clear  general 
conception  of  the  paths  tiiken  by  the  constrictor  fibens  from  their 
origin  in  the  spinal  cord  to  their  termination,  on  the  one  hand, 
in  tlie  vessels  of  the  skin,  or,  on  the  other,  in  the  vessels  of  tha 
abdominal  and  fjelvie  viscera. 

The  Tonic  Activity  of  the  Vasoconstrictor  Fibers. — A  very; 
important  fact  regarding  the  vasoconstrictor  ner\'c  fil)ers  is  i\ 
they  are  eorustjintly  in  action  to  a  greater  or  less  extent, 
fact  is  demonstrated  by  the  simple  experiment  of  cutting 
If  the  synipaliietic  nerve  in  the  neck  is  cut  in  the  rabbit  the  bk 
vessels  of  the  ear  become  dilated.     If  the  splanchnic  nen'i 
the   two   aides   are   cut   the   intestinal  region  liecomes  con| 
and  the  effect  in  this  case  is  so  groat  that  the  general  arterial  pi 
falls  to  a  ver>'  low  point.     From  these  and  numerous  similar  e: 
periinenUs  we  may  conchide  that  normally  the  arteries— that 
the  arterioles — are  kcj)t  in  a  condition  of  tone  by  impulses  reoeivi 
tlu*ough  the  vasoconstrict^ir  ril>cra.     Cut  these  nerves  and  the  ai 
ries  lose  their  tone  and  dilate,  with  the  result  that,  the  periph< 
resistance  l>eing  diniinisheil,  the  lateral  pressure  falLs  on  the  artei 
side  and  ri.ses  on  the  venous  side.    The  relatively  enormous  e&i 
upon  aortic  pressure  ca\ised  by  paralysis  of  the  tone  of  the  arteri< 
in  the  .splanchnic  area  shows  that  under  nonnal  conditions  tJ 
|x?riphend  resistance  in  this  gre-at  area  plays  a  predominating  pai 
in  the  maintenance  of  nonnal  arterial  pressure,  and  by  the  same 
reasoning  variations  in  tone  in  the  arteries  of  this  region  must 
play  a  ver>*  large  part  in  the  reflation  of  arterial  pressure. 

The  Vasoconstrictor  Center.— As  statetl  in  the  last  two  par*- 


them. 


es 
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phs.  the  vasoconstrictor  fibers  emerge  from  the  cord  over  a 
definite  region,  ami  they  exhibit  constant  tonic  activity.  It  ha» 
been  shown,  moreover,  that  if  the  corrl  lie  cut  anywhere  in  the 
cervical  region  all  of  the  constrictor  fibers  lose  their  tone;  a  great 
vascular  diluUtion  results  in  both  the  splanchnic  and  skin  areas. 
We  may  infer  from  this  fact  that  the  vasoconstrictor  paths  originate 
from  nerve  cells  in  the  brain  and  tliat  their  tonic  activity  is  to 
be  traced  to  these  cells.  Such  a  group  of  cells  exists  in  the  medulla 
oblongata »  an*!  forms  the  mso- 
constricior  center.  The  axons 
given  off  from  these  cells  de- 
scend in  the  cervical  cord  and 
teniiinate  at  various  levels  in 
the  anterior  horn  of  gray  mat- 
ter in  the  region  (nm\  the  ui>|>er 
thoracic  to  the  ujn*er  luinlmr 
spinal  ner\'es.     A  spinal  ncurnri  vf.- 

continues  the  (Mith  as  tlit'  jire- 
ganglionic  vasoconstrictor  fiber 
iK'hich  terminates,  as  alreaily 
described,  in  some  s>-mpathetic 
ganglion,  whence  the  path  is 
Turthcr  rontinucd  by  the  post- 
ganglionic fiber.  This  arrange- 
ment of  the  constrictor  paths  is 
indicated  schematically  in  Fig. 
232.  The  exact  location  of  the 
group  of  cells  that  plays  the  im- 
jMirt-unt  role  of  a  vasoconstrictor 
center  has  not  been  determined 
histologically.  The  region  has. 
however,  been  delimite<l  roughly 
by  physiological  experiments.  If 
the  brain  is  cut  through  at  the 
k%'el  of  the  midbrain  there  is  no 
marker!  loss  of  vasinilar  tone  in 
the  body  at  large.  If,  however, 
nmiLir  sect  ions  are  made  farther 
and   farther   back    a   point    is 

reacheii  at  which  vascular  [>aralysis  begins  to  be  apparent  and  a 
p<Mnt  farther  <\ovm  at  which  tliis  jmralysis  is  as  complete  as  it 
wotdd  l>e  if  the  cenical  cord  were  cut.  lietween  these  two  points 
the  vasoconstrictor  center  must  lie.  The  careful  experiments  of 
this  kind  made  by  Dittmar*  are  now  somewhat  old.  According 
•  **  Beric'ht«  d.  Sichs.  Akodenue,  Math.-phys.  Klasse."  1S73,  p.  449. 


FIe.  233.— Schema  to  fihow  th*  path 
r>f  tlif  vmMHxniiitnclur  lilwra  (nmi  llw>  vaM> 
rwHtstrirtor  reiit«r  lo  the  blotx^vaaMb  %ad 
Uie  inoclisnifim  for  th«  leAex  stimulation 
v4  thew  lib^iT :  r.  r..  The  vmaociniitrielor 
crtiter;  1.  the  rfiilrul  nrurrm  of  thp  vftscM 
roiMtrirtor  path :  li.  thr  fffttnal  iwuran 
i.pmE&njtliunir  (ib«ri;  3.  tlip  ^rnpatbetu) 
nnjruu  (p(M(|pii)Klioi)ic  fibrri;  a,  tn«  art«- 
riolp ;  4,  thr  nniMiry  tiberp  of  thp  piwierior 
rcM>t  tottkiriK  (•<>ni)»rli<m«  by  colbteiala 
with  the  vii«ocoiisirirtor  wnt^r:  5.  an  in- 
t«iT<rninU  fitirr  iffTrrr-nt)  arttng  upua  the 
vaAocvnntrirtor   renter 
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cially  perhaps  of  the  cutaneous  ner\'es.  And  there  is  abundance 
of  evidence  to  show  that  similar  results  can  be  obtained  in  man. 
The  pressor  effect  manifests  itself  by  a  rise  in  general  arterial  pres- 
mire,  if  u  sufficiently  large  region  is  inA^olved.  and  by  a  diminution 
in  size  of  the  organ  involved.  On  the  other  hand,  depressor  efifects 
may  also  be  obtainetl  from  stimulation  of  many  of  the  large  nerve 
tnmks.  If  one  stimulates  the  central  end  of  the  sciatic  ner\'e, 
for  example,  one  obtains  a  pressor  effect  on  the  cin^ulation  in  most 
cases,  but  under  certain  conditions  a  marked  depressor  effect  fol- 
lows the  stimulation.*  The  simplest  explanation  of  such  a  result 
b  llmt  the  nerve  tnmks  contain  afferent  fibers  of  both  kinds. 
When  we  apply  our  electrodes  to  a  nerve  we  stimulate  every  fiber 
in  it  and  the  actual  result  will  depend  u]X)n  which  group  of  fibers 
exerts  the  stronger  action,  and  this  may  vary  with  the  condition 
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to  his  description,  the  center  is  bilateral, — that  is,  consists  of  s 
group  of  cells  on  each  side, — and  lies  about  the  middle  of  the  fourth 
ventricle  in  the  tegmental  region,  in  the  neighborhood  of  the  nucleus 
of  the  facial  and  of  the  superior  olivar>'.  In  the  rabbit  it  has  a 
length  of  3  mms.,  a  breadth  of  1  to  1.5  mms.,  and  lies  about  2 
to  2.5  mnis.  lateral  to  the  mid-line.  Assuming  the  existence  of 
this  group  of  cells,  we  must  attribute  to  them  functions  of  the  first 
importance.  Like  other  motor  cells,  they  are  capable  of  bong 
stimulated  refiexly  and  by  this  means  the  regulation  of  the  Uttod- 
flow  is  largely  controlled.  Moreover,  they  are  in  constant  activity, 
— due  doubtless  also  to  a  constant  reflex  stimulus  from  the  inil'HV 
of  aflfereat  impulses.  The  complete  loss  of  this  tonic  influt'iire 
would  result  in  a  complete  vascular  paralysis,  the  small  artcnes 
would  Ije  dilated,  peripheral  resistance  would  be  greatly  diininifihed, 
and  the  arterial  pressure  in  the  aorta  would  fall  from  a  level  of 
10O-150  lums.  Hg  to  alx)ut  2()  or  30  nims.  Hg. — a  pressure  ijiauffi- 
cieut  to  luaiutain  the  life  of  the  organism.  There  aeen\a  lo  be  do 
<iuestiijn  now  that  in  those  conditions  known  as  surgical  shock  the 
loss  of  control  by  the  vasomotor  center,  and  the  consetpient  vnscuUr 
j)aralysia  and  fall  of  blood-pressure,  are  the  chief  conditiona  of  a 
serious  character.  We  must  conceive,  als*),  tliat  in  thij!  vasocoih 
strictor  center  tlie  different  cells  are  coimected  by  definite  path* 
with  the  vasoconstrictor  filjers  to  the  different  regions  of  the  bwlyi 
that  some  t>f  the  i-elLs,  for  instance,  control  the  activity  of  th« 
fibers  distributed  to  the  intestinal  area,  and  others  govern  lliB 
vessels  of  the  skin.  Under  physiological  conditions  the  different 
parts  of  the  center  may,  of  course,  Ix?  acted  upon  separately. 

Vasoconstrictor  Reflexes— Pressor  and  Depressor  Nenre 
Fibers. — It  is  obvious  that  such  a  mechanism  as  that  descrilted 
above  is  susceptible  of  reflex  stimulation  through  senson'  nerves, 
and  according  to  our  general  knowledge  we  should  suppose  t 
a  tonic  center  of  this  kind  may  have  its  tonicity  increased  (exd 
lion)  or  decreasetl  (inhibition).  Numerous  experiments  in  phv 
iologv'  warrant  the  view  that  lx>th  kinds  of  effects  take  p 
normally.  Those  afferent  nen-e  fibers  which  when  stimulated 
cause  reflexly  an  excitation  of  the  vasoconstrictor  center,  and 
therefore  a  peripheral  vasoconstriction  and  rise  of  arterial  p 
are  frequently  designated  as  pressor  fibers,  or  their  effect  upon  ti 
circulation  is  designate<l  as  a  pressor  effect.  Those  afferent  fil 
on  the  contrary,  which  when  stimulated  cause  a  diminution  in 
the  tone  of  the  vasoconstrictor  center  and  therefore  a  periph- 
eral vasodilatation  and  fall  of  arterial  pressure,  are  designated  aa 
depressor  i^eri^e  fibers,  or  their  effect  upon  the  circulation  is  a  de- 
pressor effect.  Pressor  effects  may  be  obtained  by  stimulation  of 
ahnost  any  of  the  large  nerves  containing  afferent  fibers,  but  eape- 
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ci&lly  perhaps  of  the  cutaneous  nerves.  And  there  is  abundance 
of  evidence  to  show  that  similar  results  can  be  obtained  in  man. 
The  pressor  effect  manifests  itself  by  a  rise  in  general  arterial  pres- 
sure, if  a  sufficiently  large  region  is  involved,  and  by  a  tliminution 
in  size  of  the  organ  involved.  On  the  other  hand,  depressor  effects 
may  also  Ije  obtained  from  stimulation  of  many  of  the  large  nen'e 
trunks.  If  one  stimulates  the  central  end  of  the  sciatic  nerve, 
for  example,  one  obtains  a  pressor  effect  on  the  circulation  in  most 
eaeeB»  but  under  certain  conditions  a  marked  depressor  effect  fol- 
lows the  stimulation.*  The  simplest  explanation  of  such  a  result 
is  that  the  ner\'e  tnmka  contain  afferent  fibers  of  both  kinds. 
When  we  apply  our  electrtxles  to  a  ner\'e  we  stimulate  every  filler 
in  it  and  the  actual  result  will  depend  upon  which  group  of  fibers 
exerts  the  stronger  action,  and  this  may  vary  with  the  condition 
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Vifi.  233. —  Plethy»iniitiniphir  mirve  nf  firearm.  The  volume  of  th«  arm  w»ii  rworded 
by  BkCMiB  of  a  ruuntrr-weutitcd  t«cnbour  and  the  record  aboiirfi  lh«  pult«  wavr.-t.  A  problem 
■  laDlai  *nthnielic"the  priNlud  of  24  by  43 — Cftused  •  cwrked  con5tricti»n  af  ibe  nrm. 


of  the  nen'e.  the  comlition  of  the  center,  the  anesthetic  used,  etc. 
I'nder  nonnal  conditions  no  such  gross  stinmlation  occurs.  The 
pressor  fibers  are  stimulate*!  under  some  circumstances,  the  de- 
pressor fibers  under  others.  For  instance,  when  the  skin  is  exposed 
u)  cold  it  is  blanched  not  by  a  direc't,  but  by  a  reflex,  effect.  The 
low  temperature  stimulates  the  sensorv'  (cohl)  fillers  in  the  skin, 
and  the  ner\'e  impulses  thus  aroused  reflexly  stimulate  the  vaso- 
constTict/)r  center,  or  a  part  of  it.  and  cause  blanching  of  the  skin. 
Exfx>sure  to  high  tempenitures,  on  the  contrar>*.  flushes  the  skin, 
and  in  this  case  we  may  suppose  that  the  8ens<>r>'  ijnpulses  carried 
by  the  heat  ner\es  inhibit  the  tone  of  the  vasoconstrictor  center 
and  cause  dilatation  or  flushing  of  the  skin.  So  far  as  man  is 
concerned,  experiments  made  with  the  plethysmograph  show  very 
•See  iluut,  "JourniU  of  niyMolugy,"  18.381,  1895. 
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elearly  that  the  vasoconstrictor  center  is  easily  affected  in  u  pressor 
or  f!epre.ss<>r  manner  l\v  psyohical  states  or  activitie«.  Mental 
work,  esprrially  nienttil  interest,  however  arouKed.  is  foUnwTti  liy 
a  PoiiKtrictioii  i>f  Ific  hliKMl-vesst^ls  of  tlieskin. — u  pressor  eHe<'t  (*<* 
Fij;.  2'4',i) ;  and  we  may  Hnd  an  explanation  of  the  vahie  of  \\\c  reftc\  ^j 
in  the  supposition  that  the  rise  of  arterial  pressure  thus  produced ^| 
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Kie  2;i4.-  KfTert  of  ?ttitmilatinK  thi*«'nlrnl  ctnl  <»f  tin*  dcprfjwnr  ntnt-c  of  lh«  h«n  iffl 
»  mbbil.  The  time  rrronl  niorki'  ^e^tirnls.  tfr>  und  ffj  mark  0.*»  b<'eiTi nine  and  M>'1  "^ 
tJie  (ilimulalion.  nie  bUxjJ-prv'wurr  n-w  "litwly  Rfler  th**  remm-al  of  thi?  utiniiiltn  »r«l 
evpntunlly  rcacliet  the  nom.nl  l^vol.  Thii)  (H^impletfl  recovery  u  not  sliiiwu  in  thr  portioa 
of  ihn  recfird  reproduced.     lDaw«on.)  i 

forces  more  hloiwl  through  the  brain  (p.  570).  On  the  other  hand, 
feeUngs  of  embarrassment  or  sliame  may  Im  associated  with  a  de- 
pressor effect,  a  tlilatalion  in  Jhe  vessels  of  the  skin  manifested,  for 
example,  in  the  act  of  hlnsliinp;.  In  both  cases  we  must  assume 
intracentml  nerve  paths  heUven^n  the  rnrtex  and  the  center  in  iM 
medulla,  the  impulses  along  one  path  exciting  the  center,  wliile 
those  along  the  other  iuliibit  its  tone,  or,  as  expliuned  below,  excite 
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vasodilator  center.      Among  the  many  depressor  effects  that 
have    l*een    ol)9er\'ed    on    stimulation    of    afferent    ner\'e   fillers 
one    huii    aroxiaed    especial    interest, — nanicl\',    that    t'au3e<l    by 
certain  afferent  fil>er8  fn)ni  the  heart-.     These  fibers  in  some  ani- 
nuijs — the  dog.  for  instunre — run   in   the  vagus   nen'e»  but   in 
»ther  uoimab.  the  rabbit,  they  form  a  separate  nerve,  the  so-called 
\depre88or  rurve  of  the  heart, — discovered   by  Lndwig  and   Cyon 
1866).     In  the  rabbit  this  ner\^e  forms  a  branch  of  the  vagus, 
Riuifling  higli  in  the  neck  by  two  roots,  one  from  the  tnmk  of  the 
jvagtis  and  one  fnm\  the  superior  lar\ngeal  branch.     It  nms  toward 
le  heart  in  the  sheath  with  the  vagus  and  the  cervical  s>'TOpa- 
^tjc.    The  ner\*e  is  entirely  afferent.    If  it  is  cut  and  the  peripheral 
id  Is  stimulateil  no  result  follows.     If,  however,  the  central  end 
siiinulateil  a  fall  of  blood-pressure  occurs  and  also  i>crhap8  a 
lowing  of  the  heart  beat  (see  I'ig.  2.'?4).     The  latter  effect  is  due 
a  reflex  stimulation  of  the  cardio-inhibitor\'  center  and    may 
[lie  eliminate*!  by    previous   section    of    the    vagus.     The    fall    of 
I biocxJ- pressure    is  explainctl   by  sup]X)sing  that  the  nerve,   when 
luUted,  inhibits,   to  a  greater  or  less  extent,  the  tonic  activ- 
ity   of    the    vasoconstrictor    center.*     l*hysif»lopical    exi>eriments 
kdicate  that  the  nerve  plays  an  important  regidaltny  j'ole.f     When, 
lor  iitslance,   bUxnl-pressure  riaci?  alxjve  normal   limil^s  it  mivy   im 
[ppoHed  that  the  en(hngB  of  this  nerve  in  the  heart  are  stimulated 
the  mwh.'Uiical  effect,  and  the  blrxkl-pressurc  is  thereby  lowered 
ioliibition  of  the  tone  of  the  constrictor  center.     It  Ls  possible, 
ig  to  recent  work,  that  the  depressor  filx»rs  end  in  the  walls 
trta  outside   the   heart. J     In   this  position   the  effe(;t  ot 
lal  aortic  pressures  may   readily  effect  a  stimulation  o; 
icir  en'hngs  and  cause  a  fall  of  pressure. 

A  miwt  HujorofMlivL'  example  of  the  retpilatmit;  action  of  the  depressor  ncn'e 
Iven  by  St-uiill.  When  t!ie  caroiiiU  in  a  nibbit  are  claiuptxl  a  variable 
not  very  largo  riwe  of  arterial  pn-sisari'  is  obecrvwl.  If,  liowever,  the 
ir  ncrva  are  Qret  cut,  cluinpuiK  tl>e  curoticb  causes  an  extmunlinary 
'liw  of  ftrterial  prcasiirc.  When  the  carotitlH  am  clocied  wc  may  Bupimse  that 
llie  re»'ulting  anemia  of  the  me<liilla  Btimulatey  the  vasoeonfltrictor  oentor 
Mxui  thus  tenib  to  raiae  arterial  pres^tare,  but  ihi^  effect  is  neutralized  beoniise 
«.H  the  preMure  rines  the  ilcpresHor  fil>era  of  the  hejirt  are  fltimulntiMl.  It 
«mui»  evident  that  durme  life  tlio  depn.*s.sor  fibers  muwt  exert  a  very  inip«)rtant 
rB^;ulAtinx  effect  upon  the  circulation. 

A  similar  nerve  has  been  descril>ed  anatomically  in  man,  while 

in  animals  like  the  dog,  in  whii-li  it  is  not  present  as  a  separate 

anatomical  structure,  it  probably  exists  within  the  tnuik  of  the 

vagus.     If  this  latter  nerve  Ls  cut  in  the  dog  and  the  central  end 

is  »tLmulate<i  a  depressor  effect  is  usually  obtaiueii. 

•  See  Porter  urul  Bever.  "  American  .Journal  of  Phvftiology,"  4,  283,  1900; 
Bavli**,  "Journal  of  Pliv^iolnprv."  14.  3n:V  1803. 
t  Seuall  and  Steiner.  "Joiinial  of  Phj-^if.l.ijfv. "  C.  102,  ISS5. 
J  KAster  and  T*ehenuak,  "  Archiv  f.'die  gesanimte  Pliyflologie,  **  9; 
1902. 
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VafocoustricioT  Crnt/m  in  thr  Spinal  Cirrfi. —  From  the  descriplion  nf  (be 
vasoconstrictor  mechanism  piven  above  the  probable  inference  i»nv  U*  niscif 
tlint  throxighout  the  tlioniric  region  the  cells  of  origin  of  the  prepaii?fioiiif 
fibers  may,  under  sfje^ial  conditions,  act  a.s  Bubor*iinBte  va»oi'onfiitrictorr<iit«n 
capable  of  Ki\nnp  reflexes  and  of  exliibitiiiK  »on>e  tonic  activity.  Niumtcuj 
exjierinients  tend  to  siipporl  this  inference  When  the  spinal  cord  i»  cut  in 
the  lower  thoracic  rcKiun  there  !.••  a  puralysirt  of  vu^cula^  lone  in  the  p^jr'lerior 
extremities.  If.  however,  lite  animal  i.s  kept  alive  the  vc»«Ls  graduallv  n- 
cover  liioir  tone,  ullhoui:;!)  not  coniiecteil  with  the  niedullan*  center.  'Hw  re- 
sumption of  tunc  in  lliiM  tuse  may  l>e  atlributetl  to  the  nerve  oeIl>  iti  tlielo««f 
thoracic  anil  ujijM^r  hirnbar  rcirion,  since  ViLscular  pandysu*  ir^  uguiu  proJucaJ 
when  Uiis  portion  of  the  cord  is  destroyed.  Finallv,  Goltz  has  sliomi  tlisl 
when  the  entire  corti  is  destroyed,  except  thecer\'ical  re^^ioii  (p.  1-15),  vjtvuUf 
lone  may  lie  restored  Hiiallv  in  the  blood-vesseU  affected.  In  this  case  lite  tv- 
Mumptioii  of  tonicity  niu.st  \ye  referred  either  to  the  properties  of  the  inuRiiUr 
coats  of  the  art  erica  themselves  reacting  to  the  stimulus  of  the  internal  pnt- 
8ure,  or  to  the  ru^tivity  of  the  sympathetic  nerve  cells  that  give  nsc  to  tlr 
postganglionic  fibers.  Under  normal  conditions  it  sccme  qiiit42  clear  thalUic 
great  vit'<ncon-'itrictor  center  in  the  medulla  is  the  important  seat  of[tonioantl 
of  reflev  activity.  If  the  ronnoclinas  of  this  center  with  the  blood-ve«wl«  are 
destroyed  suddenlv — for  example,  by  cutting  the  ce^^•icaJ  cord — blood-prwsure 
falls  at  once  to  sucli  a  low  level,  '20  to  .30  mms.  Hg..  tliat  death  iisiially  resultJ 
unless  artificial  means  are  employed  to  sustain  the  aninuU. 

Rhythmical    Activity    of    the    Vasoconstrictor    Center.— 
Thrtnighaut  life  the  vaaoconstrict'Or  center  is  in  tone  the  intenaty 
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Fijt-  2ri5.  -Rhythmical  vawomotor  wav<^  of  hlood-prpjwtir*  in  a  tiftK  fTmuh^UfnnK 
wavfw).  'rim  upper  tracinjt  (1)  \a  the  blood'preoaure  rrconl  aa  takrn  wiih  ttie  mercury 
manometer;  the  lowi>r  tracinfc  (2>  i*  takflo  with  a  HOrthle  manoraeter.  Sn-eo  diinnj?t 
respiratory  waves  ut  blood- pressure  iiuiy  be  rwMicniacd  oo  each  Ursa  wave.      (/>a«^< 
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of  which  varies  with  the  intensity  and  rharaeter  of  the  refle.x  im- 
piilspH  playing  upon  it.  I'ntJer  certain  unusual  condititjus  the 
center  may  exhibit  rhythmical  variations  in  tonicity  wliich  make 
tlienis5elves  visible  as  rhythmical  rises  and  falls  in  the  general 
arterial  pressure  (Up;.  2.'^5),  the  waves  l»eing  much  longer  than 
those  due  to  the  respirator>'  movements.  I'hese  waves  of  hliKKl- 
pressure  are  observed  often  in  exjK^rimenta  uj>on  animals^  but 
their  ultimate  eaiise  is  not  understood.    They  are  usually  desig- 
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nate<I  as  Traube-Hering  wnves,  althniish  this  term.  Ftrirfly  speak- 
ing, belongs  to  waves,  s^^lchronolIB  with  the  reHpiratory  move- 
inents,  that  were  observed  hv  Traul>e  upon  nnimals  in  which 
the  diaphragm  waa  paralyzed  and  the  tliorax  was  opened. 
These  latter  waves  are  also  due  to  a  rhythmical  action  of  the 
▼aaooLOter  eenter.  Durinjj;  sleep  fcrtuiii  niuuh  longer,  wave-like 
vmriationB  in  the  l>k)4xl-pres»ure  al.Ho  occur  that  are  again  due 
doubtless  to  a  rhythmical  change  of  tone  In  the  vasoconstrictor 
center 

General  Course  and  Distribution  of  the  Vasodilator  Fibers. 
— By  definition  a  vasodilator  fiber  is  an  cfTereiU  filx^r  whirh  when 
attniulated  causes  a  dilatation  of  the  nrtcriee  in  the  n'gion  supplied. 
In  searcliing  for  the  existence  of  such  filjers  In  the  varioiiH  ncr\'e 
trunks  physiologist^s  have  used  all  the  methods  referred  to  above, — 
namely,  the  flushing  of  the  organ  as  seen  by  the  eye,  the  increased 
blood-flow,  the  increase  in  volume,  or  the  fall  in  blood-pressure  on 
the  arterial  side  associated  with  a  rise  on  the  venous  side.  By 
these  methods  vasodilator  filxirs  luive  been  demonstrated  in  the 
following  regions : 

1.  In  the  facial  ner\*p.     The  dilator  filjers  are  found  in  the  chorda  tym- 

f>ant  bnuieh  aiid  are  distributed  tu  thi*  Kulivan'  gland!*  (subnmxil- 
ary  and  Huhlingiial)  and  to  ilie  anterior  l\vo-lhird«  of  the  tnnpie. 

2.  In  the  gto880[>ltaryngeal  ner\''*.     Supplies  dilator  filers  to  the  posterior 
third  of  tonpic,  tonsiU,  pliar>n»x,  parotiel  (tluiui  (nerve  of  Jacobson). 

S.  Tn  the  syinpatlielic  clmin.  hi  the  rcr\'iriil  jmrtion  iti  iho  flynipathctic 
dilator  fil>ery  ore  carried  wldrh  are  diftributed  to  the  mucous  mem- 
brane of  tlie  mouth  {lipn,  gunis,  and  j>alatc),  iiorttriU,  and  the  nkin 
of  the  cheeka.  Tlicw  fibers  pass  up  the  neck  to  the  superior  cervi- 
cftl  ganglion  and  thence  by  coiniiiunicuting  hranoheit  n'ach  the  Ga»- 
serian  g»nehon  and  are  dii^trihutcd  to  the  bucco-facial  region  io  the 
brancheii  of  the  fifth  craiual  ncnc*  From  the  thoracic  portion  of 
ibe  sympathetic  vawoililator  fih©r>  pa«»  tv  the  abdominal  viscera  by 
way  of  tlic  splimchnic  ner\-e?<  and  to  the  UmliN  by  way  of  the 
bmnchG^  of  the  brachial  and  Unnhar  plexasos.  but  the  data  rcfranling 
the  dihitur  filx'rs  for  ihe^e  regiuni*  are  not  as  yet  entirely  satisfactory. 
GoltK  and  others  have  show^l  that  rlilntnr  fil»erN  are  found  in  the 
nerves  of  tlie  UmVw,  hut  the  origin  of  the^e  fil>eni  from  the  sympa- 
thetic clmin  has  not  been  demonstrated. 
In  the  ner\'i  erigentes.  Eckharti  first  gave  conclusive  proof  that  the 
erection  of  tlie  [tcnU  b  eseentially  a  vasodilator  phenomenon.  The 
fibers  arise  from  the  6ret,  eecond,  and  third  ^acr^  spinal  nerves,  f«i»s 
tn  the  hypoga^ric  plexus  as  the  neni  eri|sentes, and  thenc«  ore  di»- 
tribut«d  to  the  erc<'ti1e  tij%mes  of  the  penia. 

The  General  Properties  of  the  Vasodilator  Nerve  Fibers, — 
Unlike  the  vasoconfltrictors,  the  vasodilators  are  not  in  tonic 
activity ;  at  least,  no  experimental  proof  has  l)een  given  that  they 
are.  In  the  case  of  the  erectile  tissue  of  the  penis  and  the  dilators 
of  the  ghinds  it  would  seem  that  the  fibers  are  in  activity  only 

♦  See  "  Recherches  exp^'hmentales  sur  le  syst^me  nervetix  vaaomoteur, " 
Dartre  and  Morat.  1884. 
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(luring  tlie  fniirlUnml  use  of  the  organ,  at  which  time  they  are 
excited  rellexly.  There  htw  been  much  liiscussion  in  physiolog)' as 
to  the  nature  of  the  action  of  the  dilator  fillers.  The  muscular 
coat  of  the  sumll  art«rie.s  nins  transvei-sely  to  the  length  of  the 
vessel,  and  it  is  easy  to  see  that  when  stimulated  to  greater  con- 
traction tiirough  the  constrictor  fil>ers  it  must  catise  a  narrowing 
of  the  artery.  It  is  not  so  evident  how  the  ner\*e  impulses  carried 
hy  the  dilator  fibers  bring  about  a  widening  of  the  arterv'.  At 
one  time  perijiheral  sympathettt.'  ganglia  in  the  neighborhood  of 
the  arteries  were  used  to  aid  in  the  explanation,  but.  since  histo- 
logical e\idence  of  the  existence  of  such  ganglia  is  lacking,  the 
view  that  seems  to  meet  with  most  favor  at  present  is  as  follows: 
The  dilator  fi]>ers  end  presumably  in  the  muscle  of  the  walls  of 
the  arteries,  and  when  stimulated  their  impulses  inhibit  the  tonic 
contraction  of  this  musculature  and  thus  indirectly  bring  about  a 
relaxation.  Dilatation  caused  by  a  vasodilator  ner\'e  filler  always 
presupposes  therefore  a  pre\ious  condition  of  tonic  contraction  in 
the  walls  of  the  arter>%  this  tonic  condition  being  pn)duced  either 
by  the  action  of  vasoconstrictor  fibers  or  possibly  by  the  intrinsic 
proixsrtjes  of  the  muscle  it-self.  In  the  nerves  of  the  liml>s,  as 
stated  above,  lx)th  vasoconstrictor  and  vasodilator  effects  may  be 
detected  by  stimulation.  It  has  lieen  shown  that  the  separate 
fibers  nmy  be  <lifferentiated  by  certain  differences  in  properties. 
Thus,  if  the  fx*ripheral  end  of  the  cut  sciatic  nerve  Ls  stimulated 
by  rapidly  repeated  induction  shocks  a  vasoconstrictor  effect  is 
obtained  as  shown  plethysmographically  by  a  diminution  in  volume 
of  the  limb.  If.  liowever.  the  same  nerve  is  stimulated  by  slowly 
repeated  induction  shocks  the  dilator  eflfect  Mill  predominate,* 
in<licating  a  greater  degree  of  irritability  on  tlie  part  of  these  latter 
fibers.  After  section  of  the  sciatic  nerve  the  vasodilators  degen- 
erate more  slowly  than  the  vasoconstrictors,  and  they  retain 
their  irritaliility  when  heated  or  cooled  frtr  a  longer  time  than 
tiie  constrictL>rs.t 

Vasodilator  Center  and  Vasodilator  Reflexes. — »Since  the 
vasodilator  iil>ers  form  a  system  sLiiilar  tu  tliat  of  the  vasocon- 
strictors, it  might  be  supjjosed  that,  like  the  latter,  their  acti\ity 
is  controlled  from  a  geneml  center,  fomung  a  vasodilator  center  in 
the  brain  siniihtr  to  the  vasocon.«tr:rtor  center.  What  e^^dence 
we  have,  liowcver.  is  against  this  view.  In  the  dog  with  his  spinal 
cord  severed  in  the  low'er  thomcic  region  the  penis  may  show  normal 
erection  when  the  glans  is  stimulatwl. — a  fact  that  indicates  a 
reflex  center  for  these  dilator  fibers  in  the  lumbar  cord.  I'or  the 
other  clear  cases  of  vasodilator  fibers  we  have  no  rouson  at  present 

•  Bowditcii  and  Warren,  "Journal  of  Physiolojrv,"  7.  4.3fl,  lS8fl. 

t  Howell,  HiulKett,  unci  beotinnl   ".Inumal  of  Pliysiology, *'  10,  298,  ISM. 
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GJv^Tiat  they  are  all  normnlly  connet-ted  with  a  single  group 
01  nerve  cells  looaied  in  a  ilefinite  pari,  of  the  nervmis  system.    The 
dtlutor  filx?rs  in  the  facial,  glossophar>'ngeal,  and  cervical  Hvmpa- 
tlieiic  (distributed  through  the  tiigeminai)  all  arise  probably  in  the 
mcHlvdla,  but   not,  so  far  as  is  known,   from  a  cuninjun  nucleus. 
:lniiniately  i:oiuiecte<l  with  the  *-)uesiion  of  the  existence  of  a  general 
-%':iMMiiUitor  center  is  the  possibility  of  definite  reflex  stinuilation 
•of  the  vasodilator  fibers.     As  stated  above,  i-eflex  dilatation  of  the 
^bkKKl-ve^^seLs  nmy  1^  pro<luced  by  stimulatinp  various  nerve  trunks 
containing  affei"ent  iilwrs.     The  depressor  nervr  tibei-s  of  the  heart 
give  only   this  effect,  and  the  sensorA'   hirers  from   certain  other 
^rc^ons.  notably  the  niidille  ear  and  the  testis,  cause  rnainly,  if  not 
jfcxvlusively,  a  fall  of  arterial  pressure  due  pretnimably  to  vascular 
dilatation.     The   sensorj'    nerves   of   the   tnink   am!    Iinil)s,    when 
Btimulate^l  by   the  pross  methtMls  of  the   lalM)ialory.  give  either 
reflex  vasoconstriction  or  reflex  vasfvdiljitation.  and.  as  was  slated 
al>ove,  there  is  reason  to  I>elieve  that  these  tmnks  contain  two  kinds 
of  afferent  fillers, — the  pressor  and  the  depressor.    The  a<'tion  of  the 
former  pnMlominates  usually,  but  in  deep  anesthesia,  and  particu- 
larly in  those  conditions  of  exposure  and  pxhaustlon  tluU  precede 
the  npi»enrance  of  "shock,"  the  depressor  effect  is  most  marked  or, 
■indeotl.  may  Ijc  the  only  one  obtained.     To  explain  such  depn^sor 
^effects  wc  have  two  possii)Ie  theories.     The}'  may  1^  due  To  reflex 
excitation  of  tlie  centers  pixinp  origin  to  the  vasodilator  rd>ers  or  to 
reflex  inhibition  of  the  tonic  activity  of  the  vawM-onstriclor  centei-s. 
The  latter  explanation  Is  the  one  usually  given,  especially  for  the 
typical  and  perhaps  special  effecr,  of  the  depreK-*or  nerve  of  the  heart. 
'This  e.xplanation  seems  justiflc<l  by  the  general  consideration  that 
in  tlie  two  great  vascular  areas  through  whose  variations  in  capacity 
the  blood-flow  is  chiefly  regidated,^naniely,  the  abdominal  visceni 
[nnd  the  skin, — the  vasoconstrictor  fibers  aiT  chiefly  in   evidence 
I  »nd  are,  moreover,  in  constant  tonic  activity.     On  the  other  hand, 
the  fact  that  vasodilator  ril)ei*s  exist  is  presumptive  c\idence  that 
they  are  stimulated  reflexly,  since  it  is  by  this  means  only  that  they 
Jean  nonnally  affect  the  blood-vessels.     Some  of  the  many  depressor 
^ectfl  occurring  in  the  body  must  be  due,  therefore,  to  reflex 
stimulation  of  the  dilators  and  others  to  reflex  inhibition  of  the 
constrict^^rs.     It  would  lie  convenient  to  retain  the  name  depressor 
for  the  sensory  fibers  causing  the  laltor  effect,  and  to  designate 
iho««  of  the  former  class  by  a  difTcrcnt  name,  such  as  reflex  vaso- 
fdilator  fibers.*     Only  experimental  work  can  determine  [Xksitively 
to  which  effect  any  given  reflex  dilatation  is  due,  but  provisionally 
at  least  it  would  seem  justifiable  to  a-ssume  that  dilatation  by  reflex 
r^imulation  of  the  vaso<lilator  fil»ers  occurs  in  those  parts  of  the 
bodv  in  which  vasodilator  fil>crs  are  known  to  exist.     Thus,  (he 
•See  Hunt,  "Journal  of  Physiology."  18,  381,  1895. 
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erection  of  the  penis  fi-om  stimulation  of  the  glaiis  may  l>e  explained 
in  this  way.  alao  the  cotigetstion  uf  the  salivary  glunds  during  activity, 
the  blushing  of  the  face  fi"oiu  emotions,  ami  possibly  the  dilatation 
in  the  skeletal  muscles  during  contruction.  Gaskell  and  others 
have  ^ven  reasons  for  l>eIievLng  that  the  vessels  in  the  muscles  are 
supplicil  wit!\  vti-sodilalornerve  filiei-s.  and  Kleon  *  has  shown  thai 
met'hanieul  stimulation  of  the  muscles — kneading,  massage,  etc.^ 
causes  a  fall  of  arterial  pressure. 

Vojiodilatatinn  [>ue:  to  A  ntidnnnic  Impulses. — The  ex'istenpe  of  de&uite  effer- 
ent vasKxlUator  fibers  iii  the  nerve  trunks  to  the  liinbs  ha«  l)een  mode  doubt- 
ful by  the  work  of  Baylisa.  This  author  bikJ  (Uncovered  rertain  fort:*  which  at 
present  tend  to  make  llie  quesition  of  vaMxiilalation  more  obscure,  but  wliich, 
wlien  fully  understood,  vdu  doubtlerw  give  us  a  much  deeper  int<:if^ht  into  the 
subicot.  Briefly  stnteil,  lie  hasshownf  that  stiniuhition  of  the  [Kv^erior  roots 
of  the  nerves  supplying  the  luinbo-^^aoral  and  the  brachial  plexus  oauseH  vas- 
cular dilatatiou  in  llie  correspontliup  Umtw.  He  has  Khow^l  tlwl  the  fibers 
involved  are  serLson.'  fibers  from  the  lnnb«  and  that  therefore  when  stimulated 
they  must  conduct  the  impulses  in  a  direction  oppt>*ite  to  the  uonnal, — anti- 
dromic. It  is  most  diHirult  to  understand  how  such  imnub«s,  conveyed  to  the 
tcrmination.s  of  the  scnsorv  filxirs,  can  ufTcct  the  inascular  iLssuo  of  the  blooil- 
vessek.  It  is  most  difficull  to  understand  also  how  .suth  aiiatomicjdly  HfTerenl 
filien*  can  be  Htiinnlated  redexly  in  the  central  ner\'ou.H  sysiein.  Haylis**  ^ved 
reasons  for  Iwlieving  that  the  limbs  receive  no  vasodilator  fibers  via  ilie  .sym- 
pathetic tiy^tenn,  and  that  either  the  blootl'vesiielx  in  this  region  are  larkinc 
altogetlicriuRUch  fitters  or  else  the  sensory  filions  function  m  the  way  described. 

General  Schema. — The  main  facts  regartling  the  vasomotor 
apparatus  may  be  suiimiarized  briefly  in  tabular  form  as  follows; 


Efferent       vasomotor 
nerve  fibere. 


AfTercnt  fibers  giving 
vasomotor  reflexes. 


I.  Vasoconslrirtor  fibers — dlitributed  mainly  to 
the  skin  and  the  uUlominal  visoera  (splanch- 
nic area),  all  connected  with  a  geperaJ  center 
in  the  medulla  oblongata,  and  in  constant 
tonii'  activity. 
II.  VaM:Khlator  i\[tem — distributed  esjjocially  to 
the  erectile  tiAsue,  glands,  bucco-facial  region, 
and  muscles;  not  connected  with  a  general 
center  imd  not  in  tonic  acti>'ity. 

I.  Pressor  fibers.  Cau^e  vascular  con.striction  and 
rise  of  arterial  pressure  from  reflex  stimula- 
tion of  the  va.<ioronstrictor  center — t.  g.f 
sensory  nen'es  of  Kkin. 
n.  Depresf*or  filers.  Cause  vascular  dilatation  and 
fall  of  arterial  preasurc  from  reflex  inhibition 
of  the  tonic  activity  (if  the  v»80Con»trictor 
center, — r.  g..  depressor  nerve  of  heart. 
III.  Depressor  (or  reflex  vasoililator)  fiber?i.  Caiute 
vascular  dilatation  and  fall  of  arterial  i>re>^ 
sure  from  stinmlation  of  the  vasodilator 
center,— f.  g.,  erectile  tissue,  congeetiou  of 
IB:lands  ill  functional  activity. 


It  may  be  supposed  that  under  normal  conditions  the  activity 
of  this  mechanism  is  adjusted  so  as  to  control  the  blood-f!ow  through 


•  Kteen,  "  Skandinaviaches  Archiv  f.  PhvHioloflne,"  247,  1887. 
t  Baylias.  "Journal  of  Physiology,"  26,  173,  1000,  and  28,  276. 
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different  organs  in  proportion  to  their  needs.  When  the  blood- 
U  of  a  given  organ  are  constrictetl  the  flow  through  that  organ 
is  dimiiiisheil.  while  that  through  the  rest  of  the  ImxIv  is  increased 
to  a  greater  or  less  extent  mrrespondiiig  to  the  size  of  the  area  in- 
volved in  the  constriction.  When  the  hlood- vessels  of  a  given 
organ  are  dilated  the  Ijlood-flow  through  that  oiKan  Lh  increased  and 
that  through  the  rest  of  the  l>ody  diminished  more  or  less.  The 
adaptability  of  the  vascular  system  is  wonderfully  complete,  and 
is  worke<i  out  mainly  throiiph  the  reflex  activity  of  the  nervous 
system  exerted  partly  through  the  vasomotor  fibers  and  partly 
through  the  regulatory  nerves  of  the  heart. 

Regulation  of  the  Blood-supply  by  Chemical  and  Mechan- 
ical StimulL — From  time  to  time  attention  has  been  called  to 
the  fact  that  the  calibre  of  the  blood-vessels  may  be  influenced 
otherwise  than  through  the  agency  of  vasoconstrictor  and  vaso- 
dilator nerve  fibers.  Ciaskell,  for  example,  has  shown  that  acids 
in  slight  concentration  cause  a  vascular  dilatation,  liayliss*  has 
recently  generalized  the  facr.s  of  this  kind,  and  has  suggested  that 
in  addition  to  the  nervous  regidation  described  in  the  preceding 
pages  there  may  Ije  formed  chemical  sul>stances  of  a  definite  char- 
jicter  which  exert  a  similar  useful  regidating  action.  As  examples 
of  this  influence,  we  have  the  lactic  acid  produced  in  muscles  during 
atrtivity  and  probably  also  the  carbon  dioxld  produced  in  this  as 
in  other  tissues.  These  substances  may  act  to  pmduce  a  kwal 
dilatation  during  functional  activity  and  thus  provide  the  or^an 
•with  more  blood  at  the  time  that  it  is  needed.  On  the  other  hand, 
the  internal  secretion  of  the  adrenal  glands  (adrenalin)  and  possi- 
bly also  of  the  infundibular  portion  of  the  pituitary  gland  have 
the  reverse  efTe<;t,  causing  a  vasoconstriction  and  thus  tending  to 
oaaintain  normal  vascular  tone.  In  a  similar  way  it  is  probable  that 
the  distension  of  the  arteries  by  internal  pressure  acts  as  a  mechani- 
cal stimulus  which  leads  to  increased  tone  and  thus  aids  in  maiti- 
tainiog  a  normal  arterial  tension. 

•  Baylia*  in  " Ergfbnisae  der  Physiologic,"  1»06,  v.,  319 


CIIArXER  XXXIII. 

THE  VASOMOTOR  SUPPLY  OF  THE  DIFFERENT 
ORGANS. 

There  are  three  important  organs  of  the  body — namely,  the 
hearty  the  lungs,  and  the  brain — in  which  the  existence  of  a  vaso- 
motor supply  is  still  a  matter  of  uncertainty.  A  very  great  rleal 
of  investigation  has  been  attempted  with  reference  to  these  ori^afu!, 
but  the  techtiieal  difficulties  in  each  case  are  so  great  that  no  entirely 
satisfactory  conclusion  has  been  reached.  A  brief  review  of  some 
of  the  experimental  work  on  record  will  suffice  to  make  evident  tl»e 
present  condition  of  our  knowledge. 

Vasomotors  of  the  Heart. — ^The  coronary  vessels  lie  in  oroa 
the  musculature  of  the  heart.     Any  variation  in  the  force  of  wn- 
traction  or  tonicity  of  the  heart  muscle  itself  will  therefore  affcft 
jx>ssibl>'  the  caliber  of  the  arteriole-s  and  the  rate  of  blood-flow  in  the 
coronan'  svstem.    At  each  contraction  of  the  ventricles  the  coro- 
nary circulation  is  probably  interrupted  by  a  compression  of  the 
smaller  arteries  antl  veins,  and  the  size  of  these  vessels  during  dift»- 
tolc  will  naturally  v:iry  with  the  extent  of  relaxation  of  the  c.inliic 
muscle.     Since  stimulation  of  either  of  the  eflferent  nerves  supplying 
the  heart,  viigus  and  sympathetic,  affects  the  condition  of  the  mi»- 
culature,  it  is  evident  at  once  how  difficult  it  is  to  iiisting\iish  ^ 
8imultane<nis  effect  upon  the  con>nary  arteries,  if  any  snch  exists. 
Newell  Martin'**  founil  that  stimulation  of  the  vaprus  causes  dilatJi- 
tion  of  the  .small  arteries  on  the  surface  of  the  heart,  as  seen  through 
a  liaritl  lens.     Moreover,  when  the  heart-  is  expose<l  and  artifiri^l 
respiration  is  stopped  the  arteries  may  l>c  seen  to    dilate  l)efore 
the  asphyxia  causes  any  general   rise  of  arterial  pressure.     Martin 
interprete<i  these  oliservations  to  mean  that  the  coronar>*  arteriiS 
receive    vasodilator  filters  through  the  vagus.     Porterf  meii.'miwl 
the  outflow  thmugh  the  coronar>^  veins  in  an  isolated  cat's  heflft 
kept  alive  i)y  fee<ling  it  with  blood  through  the  coronary  arteries- 
He  found  that  this  outflow  is  diminished  when  the  vagus  nervo 
is  stimulated,  and  hence  conchided  that  the  vagus  carries  vasocon- 
strictor fil>ers   to  the  heart.     .Ma:isJ  reix>rts  similar  results  ab» 

*  Martin,  "Transactions  Mediral  and  CSiinirpral  Faculty  of  Marj'laiul,'' 
1891. 

t  Porter,  "fVwioii  Me<itral  aiul  Surgirjvl  Juiiriial,"  Januarv  0,  1S06. 
X  Maas,  *■  Arrhiv  f.  die  g&tammte  Phv^iologio,"  74,  281,  1899. 
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ohtainc^d  from  cats'  hearts  kept  alive  by  an  artificial  circnlalion 
through  the  roronan.*  arteries.  Stimutntioii  of  the  vagus  slowed 
the  stream  {vasoconstrictor  fibers),  while  stimulation  of  the  sympa- 
thetic path  quickened  the  flow  (vaso^lilator  til>ersj.  Neither  Maas 
nor  Porter  gives  conclusive  proof  that  the  heart  nnisculatiire 
was  not  affecte*!  by  the  stiiiuiftition.  Schaefer,*  on  the  oon- 
trar>*,gel3  entirely  oppasite  results.  When  an  artificial  circulation 
was  maintained  through  the  eoronar>'  system  and  the  amount 
of  outflow  was  deteniiined  he  found  that  this  quantity  was  not 
definitely  influenced  by  stimulation  of  either  the  sympathetic  or 
the  vagus  branches.  Moreover,  injection  of  adrenalin  into  the 
coronar>'  circulation  had  nn  influence  upon  the  outflow,  and  since 
this  substance  causes  an  extreme  constriction  in  the  vessels  of  organs 
pro%'ified  with  vasoconstrictor  filers  the  author  concludes  that  the 
coronary  arteries  have  no  vasomotor  nerve  filH?rs.  It  is  evident 
from  a  consideration  of  these  residts  that  the  existence  of  vaso- 
motor fillers  to  the  hedrl  vessels  is  still  a  matter  open  to  investi- 
gation. 

Vasomotors  of  the  Pulmonary  Arteries.— The  pulmonary 
circulation  is  complete  in  itselT  and.  as  was  statpii  on  p.  4S1,  it 
differs  from  the  systemic  circulation  chiefly  in  that  the  prripheral 
resistance  in  the  capillar)'  area  is  much  smaller.  ronso<|uently 
the  arterial  pressure  in  the  pulmonary  arter>'  is  small,  while  the 
velocity  of  the  blood-flow  is  greater  than  in  the  systemic  circuit, — 
that  is,  a  larger  jjortion  of  the  energ>*  of  the  contraction  of  the 
right  ventricle  is  used  in  moving  the  blood.  From  the  mechanical 
conditions  present  it  is  obvious  that  the  pressure  in  the  pulmonar>' 
artery  might  be  increased  by  a  vasoconstriction  of  the  smaller 
lung  arteries,  or,  on  the  other  hand,  by  an  increase  in  the  blood- 
flow  to  the  right  ventricle  ifirough  the  vcnse  cava*,  or,  last,  bj 
back  preas^ire  from  the  left  auricle  when  the  left  ventricle  is  not 
emptying  itself  as  well  as  usual  on  account  of  high  aortic  pressure. 
WTiile  it  is  comparatively  easy,  therefore,  to  measure  the  pressure 
in  the  pulmonary  arter>'.  it  is  difficult,  in  the  interpretation  of  the 
changes  that  oc(;ur,  to  exclude  the  possibility  of  the  effects  l>eing 
due  indirectly  to  the  systemic  circulation.  Bratlford  and  Dean,t 
by  comparing  carefully  the  simultaneous  records  of  the  pressures 
in  the  aorta  and  a  branch  nf  the  puImonar>'  arter\%  came  to  the 
conclusion  that  the  latter  may  l>e  afrecte<i  independently  by  stimu- 
lation of  the  third,  fourth,  and  fifth  thoracic  spinal  nerves,  and 
hence  concluded  that  these  nerves  contain  vaso<*onstrictor  fibers 
to  the  pulmonar>-  vessels,  the  course  of  the  fil>ers  being,  in  general, 
that  taken  by  the  accelerator  fibers  to  the  heart,— namely,  to  the 

•**Arrhive»de*«ciencfr*  biolopqiww."  11,  8Uppl.  vohimp.  251,  1905. 
t  Bradford  and  Dean,  "Journal  nf  Ph>*:^olog>-,"  16,  34,  1894. 
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first  thoracic  sympathetic  ganglion  by  the  rami  conimuni< 
and  thence  to  the  piihnonan'  plexus.  They  ^ve  evidence  to  si 
ttmt  these  fibers  are  stinuilated  dunng  asphyxia.  The  authors 
state,  however,  tliat  tlie  effects  obtained  upon  the  pressure  in  tlie 
puhnonao'  artery  are  relatively  and  absolutely  small  as  compared 
with  the  vasomotor  effects  in  the  aortic  system.  Similar  results 
have  been  obtained  by  other  obsen'^ers  (I-'ran^ois-Franck).  Using 
another  and  more  direct  method,  Brodie  and  Dixon*  have  come 
to  an  opfK>sitc  conclusion.  These  authors  maintained  an  artificial 
circulation  tlirougli  the  lungs  and  measured  the  rate  of  outflow 
when  the  nerves  supplying  the  lungs  were  stimulated.  Under  these 
conditions  stimulation  of  the  vagus  or  the  sympathetic  caused  no 
definite  change  in  the  rate  of  flow. — a  result  which  would  indicate 
that  neither  nerve  conveys  vasomotor  fibers  to  the  hmg  vessels. 
This  conclusion  was  strengtlieneil  by  the  fact  that  in  similar  per- 
fusions made  u|h)ii  other  orgaius  (intestines)  vasomotor  efi'ects  were 
easily  demonstrated.  Moreover,  adrenalin,  pilocarpin.  and  miis- 
carin  cause  marked  vasoconstriction  when  irrigated  through  the 
intestine,  but  have  no  such  effect  upon  the  vessels  in  the  lungs. 
These  authors  conclude  that  the  lung  vessels  have  do  vasomotor 
nerves  at  all,  and  their  exj^erimental  e\*idence  might  })e  accepted 
as  sati8factor\'  excei)t  for  the  fact  that  a  similar  method  in  the 
hands  of  another  observer  has  given  opposite  results.  Phmiiert 
finds  that  the  outflow  through  a  perfused  lung  is  diminished  in 
some  ca.ses  by  stimulation  of  the  sympathetic  branches  to  the  lungs, 
and  also  by  the  use  of  adrenalin.  Under  such  conditions  it  is 
necessar>-  to  defer  a  decision  until  more  exf>eriments  are  reported. 
Regarding  the  vasomotors  of  the  lungs,  one  can  only  say,  as  in 
the  case  of  the  heart,  that  their  existence  h^-s  not  been  demonstrated. 

The  Circulation  in  the  Brain  and  Its  Regulation. — The 
question  of  the  existence  of  viisomotor  nerves  to  the  brain  brings 
up  necessarily  the  lai^er  question  of  the  special  characteristics  of 
the  cranial  circulation.  The  brain  is  contained  in  a  ri^d  box  so 
that  its  free  expansion  or  contraction  with  variations  in  the  amount 
of  blood  can  not  take  place  as  in  other  organs  and  we  have  to  con- 
sider in  how  far  this  fact  modifies  it^  circulation. 

Thr  Arterial  Stipply  of  the  Bmin. — The  brain  is  supplied  through 
the  two  internal  carotids  and  the  two  vertebrals,  which  together 
form  the  circle  of  Willis.  It  will  be  rememberetl  also  that  the 
vertebral  arteries  give  off  the  posterior  and  the  anterior  spinal 
arteries,  which  supply  the  spinal  cord,  and  that  the  last-named 
arter>'  makes  anastomosesalong  the  cord  with  the  intercostal  arteries 

*  Brodie  and  Dixon,  "Journal  of  Physiology."  30.  476.  1904. 
t  Pliunier,  ".lounitU  de  physiologic  el  tie    pathologie  gdn^'rale."  6^  066, 
1904;  see  also  "Arehivos  intcniationalefl  de  phyniolngie,"  1,  ISO,  1004. 
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and  other  branches  fnim  the  desrcrKling  uorta.  From  the  ana- 
toinical  arrAogeincnt  alone  it  is  evident  that  the  ciix-utation  in  the 
brain  is  very  well  protet^ted  from  the  (xwaibiht}'  of  l^ing  inter- 
rupted bv  the  accidental  closure  of  one  or  more  of  its  arteries.  In 
aome  animals,  the  dog,  one  can  ligate  Ijoth  internal  carotids  and 
Iwth  vertebraJs  without  causing  uncoascicmsness  or  the  death  of  the 
juunial.  In  an  animal  under  the^se  conditions  a  collateral  circula- 
tion must  be  brought  into  play  through  the  anastomoses  of  the 
spinal  arteries,  la  man,  on  the  contrary,  it  is  stated  that  ligation 
of  lx*th  caroti^ls  is  (.langerous  or  fatal. 

Thi-  Venous  Suppiy.— The  venous  SA'stem  of  the  brain  is  j>eculiar, 
especially  in  the  matter  of  the  venous  sinuses.  These  large  spaces 
are  contiiinetl  between  foUia  of  the  dura  mater  or,  on  the  base  of 
the  skidl,  Ijetween  the  dura  mater  and  the  bone.  The  cliannel 
hollowed  out  in  the  hone  Ls  covered  with  a  roof  of  tough,  inex- 
tensible  dura  mater,  and  indeed  in  some  animals  the  basal  sinuses 


'in  us 
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V\^  386.— DUciAni  to  rvprmont  the  mUlionK  of  the  mfninosal  membnuivi  nf  the  c«r«- 
tanim.  Uw  poajtion  of  the  vubAnrhnrndal  «pcK«  and  oi  Ihe  vennuA  ninuj^n. 

may  in  part  be  entirely  incased  in  bone,  The  laiger  cerebral  veins 
open  into  these  sinuses;  the  openings  have  no  valves,  but,  on  the 
contrary-,  an*  kept  patent  anrl  [irotected  from  closure  by  the  struc- 
ture of  the  dura  mater  around  the  orifice.  The  smaller  veins  are 
ver>'  thin  walled  and  free  from  valves.  The  venous  blood  emerges 
from  the  skull  in  man  mainly  through  the  oj^ening  of  the  lateral 
flinuses  into  the  internal  jugular  vein,  although  there  is  also  a 
communication  in  the  orbit  l>etwt*en  the  cavernous  sinus  an<l  the 
ophth&hnic  veins  through  whicli  the  cranial  blood  may  pass  into 
the  system  of  facial  veins,  another  comnumication  with  the  venous 
plexuses  of  the  conl,  and  a  nunil^er  of  small  emis8ar>-  veins.  In 
some  of  the  lower  animuls^the  ilog,  for  instance — the  main  outflow 
is  into  the  external  jugular  thntugh  what  is  known  as  the  superior 
cerebral  vein.  A  point  of  physiological  interest  is  that  the  venous 
sinuses  and  their  points  of  emergence  from  the  skull  are  by  their 
structure  well  protected  from  closure  by  compression. 
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The  Meningeal  Spaces. — The  general  arrangement  of  the  menin- 
geal membranes,  and  particularly  of  the  meniugeal  spaces,  is  im- 
portant in  eonnection  with  the  mechanics  of  the  brain  circulation. 
In  the  skull  the  dura  mater  adheres  to  the  bone,  the  pia  mat^r 
invests?  closely  the  surface  of  the  brain,  while  between  lies  the 
arachnoid  (Fig.  236).  The  capillar}'  space  between  the  arachnoid 
and  the  dura,  the  so-called  subdural  space,  may  be  neglected. 
Between  the  arachnoid  and  the  pia  mater,  however,  lies  the  sub- 
arachnoidal sjiace  more  or 
less  intersected  by  septa  of 
connective  tissue,  but  in  free 
commiuucation  throughout 
the  Ijrain  and  cord.  This 
subarachnoidal  space  is  filled 
with  a  liquid,  the  cerebro- 
spinal liquid,  which  forms  a 
pad  inclosing  the  brain  and 
cord  on  all  sides.  The  liquid 
surrounding  the  cord  is  in 
free  conununication  with 
that  in  the  brain,  as  is  indi- 
cated in  the  accompanying 
schematic  figure  (Fig.  237). 
Within  the  brain  itself  there 
are  certain  points  at  the  an- 
gles and  hollows  of  the  differ- 
ent parts  of  the  brain  at  which 
the  subarachnoidal  space 
is  much  enlarged,  forming 
the  so-called  cisterwe,  wliich 
are  in  communication  one 
with  another  by  means  of  the 
less  conspicuous  canals  (see 
Fig.  238).  The  whole  system 
is  also  in  direct  communica- 
tion with  the  ventricles  of 
the  brain  on  the  one  hand, 
Ihrougli  the  foramen  of 
Magendie,  the  foramina  of  Liischka,  and  perhaps  at  other  places, 
and  on  the  other  hand,  along  the  cranial  and  spinal  ner>*es  Jt  is 
continued  outward  in  the  tissue  spaces  of  the  sheaths  of  these  ner\'e8. 
The  Pacchionian  bodies  constitute  also  a  peculiar  feature  of  the  sub- 
arachnoidal space.  These  bodies  occur  in  numbers  that  vary  with 
the  individual  ami  with  age,  and  are  fouml  along  the  sinuses, 
especially  the  superior  longitudinal  sinus.     Each  body  is  a  niinute. 


u^haaI  Cord. 


Fig.  237. — Diaermni  to  show  tbo  conneo- 
ttun  of  tbfl  MibaTBCUuoidal  >p»o«  in  tbe  brain 
And  the  oord. 
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pear-shapetl  protrusion  of  the  arachnoidul  membrane  into  the  inte- 
rior of  u  sinus,  as  represented  schema ticiilly  in  Fig.  239.  Through 
these  Ixxlies  the  cerebrospinal 
liquid  is  brought  into  cloee 
con  tac  t  wi  t  h  the  venous 
bloot^i.  the  two  being  seim- 
rate«l  only  by  a  thin  layer 
of  dura  and  the  very  thin 
arachnoifl.      The  number  of 

i  the     Pacchionian     Ixtdies    is 
hardly   suRicient   to  lead  us 

j  to  supix)6e  that  they  have  a 

i  special   physiological   impor- 
tance.    Tliecerebrrjspirial  Ii(i- 

I  iiid   found  in    the  suhanich- 

I  noidal  space  and  the  ventri- 

^4iAe8  of  the  brain  is  a  very 

nkin.  water>'  li(|uiil  ha\ing  a 

FspeciBc  gra\*ity  of  only  l.(J()7 

I  to    1.008.     It  contains  only 

I  traces  of  proteins  and  other 

I  organic  substances,   whi^h  may  vary  imder  pathological  condi- 

,  tions.     It  is  thinner  and  moi*e  watery  than  llie  lyniph^  resembling 

'  rather  the  aqueous  humor  of  the  eye.     The  amount  of  this  fluid 


Fi«.   2.W.— D 


UMrram  to  ahow  the  locfttion 
of  tbe  ciMemfl'  anu  caiUkU  of  the  mbfttscli- 
noitl«J  «|Mc«. — {Poirier  and  Charpy.) 


Fjjt.  230.  Schema  In  show  tlic  r^Utioni  of  thf  Pacchinnlan  bwiien  to  the  iiinu*«»: 
tf.  d,  KaUn  nf  the  dun  mater,  inrUmnc  a  linms  betwwn  th«ai;  v.b,,  the  blnod  in  the 
■iniu;  a,  tb«  atBchnoiilml  matnbnuw;  p,  tb«  put  mat«r;  Pa.,  the  Paccbiotuau  body  aM 
*  proieetion  of  tb*  arschiiMitJ  intu  th«  blood  niniui. 


present  normally  is  difFicult  to  determine.     Various  figures  have 
been  given,  but  it  is  usually  stated  to  amount  to  60  to  80  c.c.     If 
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these  figures  are  correct  it  evidently  does  not  forni  a  thick  envelope 
to  the  nervous  system.  Under  abnormal  conditions  (hydroceph- 
alus, etc.)  the  quantity  may  be  greatly  increased.  It  is  physiih 
logically  interesting  to  find  that  this  liquid  may  be  formed  vm 
promptly  from  the  blood  and,  when  in  excess,  be  aljsorbed  quickly 
by  the  blood.  In  fractures  of  the  base  of  the  skull,  for  instance, 
the  Ucjuid  has  been  obsen'ed  to  drain  off  steadily  at  the  rate  of  200 
CO.  or  more  per  day.  On  the  other  hand,  when  one  injects  phyat>- 
logical  saline  into  the  subarachnoidal  space  under  some  pressure  it 
ifi  abeorbed  with  surprising  rapidity.  .-Vfter  <leAth.  also,  tlie  liquid 
present  in  the  subarachnoidal  space  is  soon  al^sorbed. 

Intracranial  Pressure. — By  intracranial  pressure  is  meant  the 
pressure  in  the  space  between  the  skull  and  the  brain, — therefoit 
the  pressure  in  the  subarachnoidal  liquid  and  presumably  also  the 
pressure  in  the  ventricles  of  the  brain,  since  the  two  spaces  are  in 
communiration.    This  pressure  may  be  measured  by  Iwiring  a  hole 
through  the  skull,  di\itliiig  the  dura,  and  connecting  the  under-  ^ 
lying  sjjace  with  a  manometer.     Observers  who  have  measured  this  H 
pressure  state  that  it  is  always  the  same  as  the  venous  pressure 
within  the  sinuses.     This  we  can  understand  when  we  remember 
the  close  relations  h)etween  the  subarachnoidal  liquid  and  the  large 
veins  ami  sinuses.   We  ma}'  consider  that  the  large  veins  are  sur- 
rounded by  the  cerebrospinal  liquid,  and  consequently  an  equilib- 
rium of  pressure  must  hK?  established  between  them;  any  rise  in  tlie 
intnic-iunial  pressure  raises  venou.s  pressure  by  compression  of  the 
veiiLs.     This  statement  holds  true  at  least  so  far  as  the  intrarranialj 
pressure  is  due  to  the  circulation.     Variations  of  pressure   froiaj 
|xitli()lofjjical  causes— tumors,  clots,  abscesses,   etc. — may   exereiA^ 
appiirenll>'    a   local  effect.      The  intracranial  pressure  Ls  caused] 
controlk-d   nonnally  by  the  pressure  within   the  arteries  am 


I 


anu 


le 


capillaries.      This  pressure,  by  enlarging  theee  vessels,  tends  to 

brain  against  the  skull,  and  ex 
fore,   upon  the   intervening  cerebrospinal   litpiid. 


exjmnd  the  brain  against  the  skull,  and  excreises  a  pressure,  there-™ 
fore,   upon  the  inter\'ening  cerebrospinal   litpiid.     This  pre^sure,^ 
however,  can  not  exceed  that  in  the  veins,  since,  as  said,  an  ex- 
cess will  be  ecjuahzed  by  a  corres|x>nding  compression  of  the  veins. 
The  venous  pressiire  in  the  entl  determines,  therefore,  the  actual 
amoiuit   of   intracranial   pressure.    Conditions    which    alter    the 
pressure   in  the   cerebral    veins  affect   the   intracranial    pressure 
correspontlingly.    'ITius,  compression  of  the  veins  of  the  neck  raises 
the  pressure  in  the  cerebral  veins  and  also  intracranial  pressure, 
and  a  higher  general  arterial  pressiu^  also  results  finally  in  a  higherfl 
pressure  in  the  cerebral  veins  and  therefore  in  the  subarachnoidal 
space. 

Redueetl  to  its  siinpleKt  forui,  the  coiuUtiou»  may  l>e  re|jmenteil  liv  a 
schema  such  as  is  given  in  Tig.  240.     A  system  with  an  arten*.  ca]nlian'  area, 
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b  represented  as  inclosetl  in  a  rigiil  box  aiiU  surrounded  by  an 
ble  liquid.  Acconling  to  tlie  comiitious  prevoiline  in  tije  Uxly, 
presHtire  in  the  interior  of  A  and  it**  branches  is  much  higher  than  in  V. 
^,  ntm*.  the  pressure  in  .4  is  Lnfrea»*eii  the  ^reuler  pressure  Ijroiighl  to  bear 
«n  the  wall*  will  teml  to  exiiand  tlieni;  a  ^«ter  pressure  will  tliereby  bo 
0oniniuni(*nt<Nl  to  the  outside  h<|uid,  wliich,  In  tuni,  will  onnipress  the  veins 


p(>n<lingly.     Tl»e  expan.>^ion  an 
indinfT    iliniinutioii    on    the 
.^ide    where    the    internal 
re  is  least. 


the  arterial  side  is  niuile  possible  by  a 


llie      recorded      meaaiire- 

inents     of     the     iatracraiikl 

pressure    show    that    it    may 

\i%r\   frwni  50  to  60  iiinis.  uf 

inemm',  obtained  (iurinp  the 

great  ri«e  of  pressure  following 

Ipirychnin  poi^ouinju;,  to  zen>  or 

leaSt  as  ohtainetl  by  Hill*  from 

m  man  while  in  the  ere<!t  \k)s- 
Uirc.  In  thi.s  jxksition  the 
iiegaLive  influence  of  gravity 
ie  at  it.s  nuiximiun.  . 

The  Effect  of  Variations 
in  Arterial  Pressure  upon 
the  Blood-fiow  through  the 
Brain. — Quite  a  nnmher  nf 
<il)ser\*erst  have  pn)vo<i  ex- 
perimentally that  a  rise  of 
^uenil  arterial  r)ressure  is  fol- 
lowed, not  <mly  by  an  inerease 
in  the  iiitrarranial  tension,  but 
also  hy  an  increased  blood-fiow 
through  the  bniin.  There  has 
bern   nuich    rliseussion    as    to 

whether  a  rise  of  arterial  pressure  in  the  basilar  arteries  can  cauae 
Any  aetual  increase  in  the  amount  of  blood  in  the  brain  or  whether 
It  expresses  itself  solely  or  mainly  as  an  increased  nmounl  of  flow. 
Ill  the  other  orpan.s  of  the  IkkIv,  except  perha[>a  tlu-  Uines,  a  general 
riiv  of  prcissure,  not  accompanied  by  a  constriction  of  the  organ's 
own  arteries,  causes  a  thlatation  or  congestion  of  t!»e  or^an  together 
with  an  increased  blowl-flow.  Physiologically  the  congestion — 
that  is.  the  inrreased  capacity  of  the  vessels — is  of  no  value;  tlie 
im(M>rtant  thing  is  the  incivase  in  the  quantity  of  blood  flowing 

*  BaylioB  ami  Hill.  ".lounml  of  Physiolojo'."  IH,  3.56,  18D5. 

t5i©e  (Partner  and  Warner.  "Wiener  nied.  Wochensclirift,"  1887:  de 
k  and  Verhorpon.  **.Imirnnl  de  Mi^flecine,  etr  ,"  Brussels;  Koy  and  Sher- 
nicton,  "Journal  of  PhvHiolofo,"  11,  So,  1890;  Uciner  and  Schiiitder. 
Aichiv  f.  exp.  Pathol,  u.  Pharmakol. , "  '3H,  249,  1897. 
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n^.  240— Sebmna  to  rvpreeent  tb« 
imnMnuMion  of  Brteritil  pmwiir«  ttin>uicli 
liio  brain  subBtancr  Ut  th«  vntut:  .'1,  'iTie 
srirry,  V,  the  vein,  represented  a»  enierttiir 
into  nml  miericiriK  frotn  a  box  with  riipil 
wuiia  and  ftUrd  with  incampreHfiiblo  liijiuil; 
c,fk,  the  interveoins  ana  of  small  arttf- 
ne*-,  ptc.  An  expaiuoon  iif  the  wklLi  of 
th(*  artcnul  aytdtsta  by  the  putae  «i-mve  or  by 
a  rW  of  arterial  prenxure  inrrraMM  the  pre»- 
«ure  on  the  »um)un<liiiK  Uqiiii]  and  tnu  i» 
tniiuauilted  (hruu^h  tbo  hquitl  to  the  walls 
nf  the  v«tn^  antl  rtmiprcK^H  them,  aioce  at 
ihLN  iMiint  of  the  circuit  the  iniravaaotdar 
preis^iire  l»  Ir»w, 
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through.  In  the  brain,  owin^  to  the  peculiarities  of  its  position, 
it  has  been  suggested  that  perhaps  no  actual  inci*ease  in  size  is 
I>os.sible.  It  is  evident,  however,  that  the  existence  of  the  liquid 
in  the  subarachnoidal  space  makes  possible  sonic  actual  expan- 
sion of  the  organ.  For  us  the  pressure  ujx)n  this  li(|U!d  increases  it 
noay  be  driven  into  the  dural  sac  of  the  con!  (Fig.  2'J7)  and  along  the 
sheaths  of  the  cranial  and  spinal  nen^es.  To  what  extent  this  is 
actually  possible  in  man  we  do  not  know,  nor  do  we  know  how  much 
cerebrospinal  liquid  is  contained  in  the  skidl  and  brain  of  man.  In 
the  dog  Hill*  frntls  ex|X?rinKMjtaIly  that  tfie  brain  can  expand  only 
l)y  an  amount  etjual  to  2  or  H  c.c.  without  causing  a  rise  of  intra- 
cranial tension ;  .so  that  probably  these  figures  represent  the  amouat 
of  expansion  possilile  in  this  animal  by  simple  sfjueezing  out  of  the 
cerebros|>iniil  liijnid.  If  tfie  ri.*^  of  arterial  pressure  is  such  as  to 
expand  the  brain  beyond  this  [xiint,  then  it  may  not  only  force 
out  cerebrcjspinal  liiiuiil^  if  any  remains,  but,  as  explained  in  the 
hkst  pamgraph,  it  will  compress  the  veins  and  raise  intracranial 


Fir.  241.— SimulLan*«ai  record  of  pu!.<w  in  l.h«  rirrU  of  WUlLi  (*?)  an.l  in  th*  lorcu- 
Ur  Hcrtiphili  (I},  lliu  tracuif:  from  the  c-ircic  <>(  Willi-s  wiln  ohtmticd  hy  means  of  a 
Hilrtblis  niMiinmvtvr  ci>nncct»U  with  Ibv  hcmi  end  uf  t)tc  iritomni  imrulti].  11  will  be  noiad 
Oiat  tlifi  nulM!:^  lire  timuUjLntHiii.<<.  iiulicatiti([  Dwt  (he  venoUn  pulae  u  tlus  to  Uui  tnutMni^ 
iuoa  of  the  arteriuiJ  puUe  throUftb  the  bnun  eubstAOMt 


pressure.  To  the  extent  that  the  veins  arc  compre.&sed  as  the  ar- 
teries expand  no  actual  increase  in  the  size  or  blood-cai>acity  of  the 
brain  takes  place.  That  an  expansion  of  the  bmin  arteries  com- 
presses the  veins  is  indicated  ven,'  clearly  by  the  normal  occurrence 
of  a  venous  pulse  in  this  organ.  The  liloorl  Hows  out  of  the  veins  of 
the  brain  in  pulses  synchmnous  with  the  arterial  pulses,  and  this 
venous  pulse  may  l>e  recnnied  easily  as  shown  in  Fig.  241.  In  this 
case  the  sudden  exfjansion  of  the  arteries  compresses  the  cerebral 
veins,  giving  a  synchronous  ri.se  of  pressure  in  the  interior  of  the 
sinuses.  Some  authors  (Geigel,  fJrashey).  tm  purely  theoretical 
grounds,  have  held  that  this  ronifjression  of  the  veins  may  result  in 
a  diminished  lilotwl-flow  through  the  organ. — a  sort  of  self-stnmgii- 
lation  of  its  own  cirtudation.  Actual  experiment  shows  that 
this  is  not  the  case.  Any  ordinary  rise  of  general  arterial  pressure 
is  accompanied  by  a  greiiter  blootl-tiow  through  the  brain,  and 

♦  Hill,  "The  Phvsiolog>*  and  Pathology  of  the  CVrebral    Circulatioo." 
Loiiiion,  l.HOfi. 


the  author*  has  shown  tlmt  sudden  variations  of  arterial  pressure 
far  beyond  possible  normal  limits  cause  no  blocking  of  the  venous  ^ 
outflow.  \Vliether  the  brain  increasen  in  volume  as  a  result  of  H 
a  rise  of  arterial  pressure  is,  on  the  ph.vsiological  side,  uniitiiwrtant; 
ihe  main  |Ktint  is  that  the  amount  of  blood  flowing  thmii^h  it  is 
inci^osed  under  such  eircuiiistances  as  would  cause  a  like  result 
in  other  organs.  That  the  compression  of  the  veins  difes  not 
pHwIuce  any  sensible  obstniction  to  the  blood-How  may  Ik?  under- 
stood easily.  In  the  first  place,  this  compression  does  not  take 
place  at  the  narrow  exit  from  the  skull, — since  at  tliat  ]xiint  the 
sinuses  are  pn»tected  fn^m  the  action  nf  intnirranial  jiri'ssure. 
The  compression  takes  place  doubtless  uj^im  the  ccit^braJ  veins 
emptying  into  the  sinuses,  and  at  this  jxiint  the  vem)iis  lieil, 
taken  as  a  whole,  is  so  large  that  the  expaihsion  due  to  an 
onlinary  rise  of  arterial  jjressuix*  is  distributetl  anil  luis  ijiit  litlle 
Bffeot  on  the  volume  of  the  flow.  Secondly,  very  great  increases  in  fl 
^Uierial  pressure,  up  to  tlio  point  of  nijiture  of  the  walls,  have  less 
And  leas  effect  in  actually  expanding  the  iirteries;  a  |>«)int  is  reached 
'cntually  at  wliich  these  tubes  l)ecome  practically  rigid,  so  that 
irtlier  expansion  is  impossible.    This,  of  course,  is  true  for  every 


I 
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The  Regulation  of  the  Brain  Circulation. — It  is  still  a  matter 
uncertjiirity  whether  the  arteries  of  the  brain  possess  vasomotor 
Der\'es.  .Most  of  the  authors  who  have  studied  the  matter  exi>eri- 
nicntally  have  conckKled  that  there  are  none.f  These  authors  were 
unable  to  show  that  stunulatiun  of  any  of  the  nerve  paths  tlmt 
might  innen'ate  the  brain  vessels  causes  locid  effects  upon  the  brain 
circulation.  Whenever  such  stimulations  causeil  a  change  in  pres- 
sure or  amount  of  flow  in  the  brain  the  result  was  referable  to  analter- 
atioQ  of  general  arterial  pressure  pnxluced  by  a  vasomotor  change 
elsewhere  in  the  IknIv.  When  as  a  result  of  such  stimulalirm  the 
pressure  rises  in  the  circle  of  Willi.s.  one  may  infer  that  if  this  is  due 
to  a  local  constriction  in  the  cerebral  arterioles  there  should  l>e  a 
fall  of  pressure  in  the  venous  sinuses  and  a  diminir?hed  flow  of  blood; 
if,  <)n  the  eontrar>'.  it  is  due  to  a  constriction  elsewhere  in  the  body 
that  has  increiised  geneml  arterial  pressure,  but  has  not  constricted 
the  brain  circuit,  then  there  shouhl  i)e  a  rise  in  venous  pressure  and 
intracranial  pressure,  together  with  a  greater  flow  of  blood  through 
the  brain.  Most  observers  obtain  this  latter  result.  Some  inves- 
tigators,— Hurthle,    FranQoLe-Franck,   Cavazanni.J    on   the   other 

*  Howell,  **  American  .loiimal  of  Phvyfioloffj*.**  1,  TiT,  IH98. 

t  See  Uov  &iul  Sherrinetori,  Bavli^^  aiiH  Hill.  Hill,  f'luert tier  and  Wagner, 
he.  rit..  amrHill  aii«l  MarLo.Hl,  'Moumal  of  rhv"iol«R:>'. "  26,  394,  IWI. 

J  Hurthle,  **  Arrhiv  f,  die  iri'HamniTe  Pliysiologie,"  +4,  .574.  is.Sft ;  Fran^ois- 
FrAnrk.  "  Archive-i  do  physiol.  nnnnale  et  patholoffique,' *  1890;  Cava- 
Buini,  ".Archived  iulienn<»  de  biologie/'  19,  2M,  1893. 
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hand,  have  obtained  results,  es|x;cially  from  stuiiulatioii  of  the 
cervical  symimthetie,  which  indicatetl  local  vasoconstriction  or  vaso- 
dilatation in  the  brain.  It  would  seeni,  however,  that  these  latter 
olxservers  liave  not  excluded  the  possibility  that  the  \'ariations 
in  pressure  obtained  by  thetn  were  due  to  reflex  effects  upon  the 
blooti- vessels  of  the  body,  especially  as  Kran(;ois-Fninck  has 
shown  that  the  sympathetic  in  the  neck  contains  afferent  tibers 
wliich  give  such  reflexes.*  In  experiments  made  upon  an 
isolated  bruin  (In  the  skull)  i>erfusefl  with  an  artificial  circulation. 
Wifii^ei-st  states  that  addition  of  adrenalin  caused  a  diminution 
in  the  outflow  from  the  organ,  thus  showing  that  the  adrenahn  had 
caused  a  constriction  somewhere  in  the  cir<:uit.  If,  as  some  authors 
believe,  adrenalin  act«  only  on  plain  muscle  that  Ls  inner\'ated  by 
sympathetic  nerve  fibei*s  this  result  furnishes  indirect  evidence 
for  the  existence  of  such  filKjni  in  the  case  of  the  brain  vessels.  As 
another  arg\irnent  in  favor  of  the  present-e  of  vasomotor  fillers  it 
may  also  be  mentioned  that  a  numt)er  of  ol>servers — GuUandr 
Hul>er,  Hunter  t — have  demonstrated  that  the  vessels  of  the  brain 
arc  provided  with  perivascular  nerve  plexuses.  It  must  be  ad- 
mitted, however,  that  tliLs  histological  fact  is  not  satisfactonk' 
unless  it  is  supplemented  by  experimental  evidence.  Judged 
fi-om  this  latter  standpoint,  we  have  no  convincinp  proof  at  present 
of  the  existence  of  cerebral  vasomotors,  and,  assiuiung  that  there 
are  no  such  fdiere,  we  may  ask  by  what  means  is  the  cii*culation  in  the 
brain  rcgidat«d?  The  simplest  view  is  that  pmposed  by  Hoy  and 
Sherrington.  AccortUng  to  these  authors,  the  blood-flow  through 
the  brain  is  controlled  indirectly  by  vasomotor  effects  upon  the 
rest  of  the  body,  Wlien,  for  example,  a  va.soconstriction  occurs 
in  the  skin  or  the  splanchnic  area  the  result  is  a  rise  of  pressure 
in  the  aorta  and  therefore  a  rise  of  pressurc  in  the  circle  of  Willis, 
which  then  forces  more  blood  through  the  brain.  Adopting  this 
view,  we  can  understand  the  teleology  of  wrtain  well-kno^\ii  va.so- 
motor  reflexes.  Stimulation  of  the  skin  generally  causes  a  reflex 
constriction  and  rise  of  pressure,  antl  one  can  well  understand  tliat 
this  result  is  valuable  if  it  means  a  greater  flow  of  blood  thn>ugh 
the  brain,  since  under  the  coiulitions  of  nature  such  stimulation, 
especially  when  painful,  deniamls  alertness  and  increasetl  activity 
on  the  part  of  the  animal.  Attention  has  also  been  called  to  the 
fact  that  in  plethysmographic  observations  on  man  the  most 
certain  and  extensive  constrictions  of  the  skin  vessels  are  those 
caused  by  increased  mental  activity.  Mosso  has  shown  by  obser\'a- 
tions  upon  men  with  trephine  holes  in  the  skull  that  the  constriction 
of  the  liml>s  is  always  accomimnied  by  a  dilatation  of  the  braiiu 


*  Krancnis-Frrtiipk.  '*  Journal  de  phv.'<.  rX  y\e  pi 
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fact,  therefore,  fits  exactly  the  view  that  Ls  being  consideretl. 

e  peripheral  ronstriction,  by  raising  general  blood-preasiire.  dilates 
e  hmin  more  or  less,  and,  what  is  more  irn[M)rtjint.  drives  more 
"hlood  through  it.  It  is  fiitticiilt  to  undorstnnd  why  psychical 
actixity  is  always  associated  in  this  way  with  a  fjeripheral  con- 
ptriction  imle-sB  the  object  of  the  reflex  is  to  increase  the  blood- 
•siipply  to  the  brain.  Even  if  vasomot^ir  fil>era  are  subseciuently 
shown  to  lie  present  in  the  hmin,  the  imjMirt-ance  of  this  reflex  in 
pro\*iding  a  greater  flow  to  the  centn*!  organ  at  the  time  that  it  is 
in  activity  must  still  he  admitte<L  A  general  irrigation,  so  to  speak, 
is  pro\ide(l  for  by  this  meAiis.  TiOcal  vasomotors  may  be  used  to 
divert  this  flow  mainly  thnnigh  one  or  another  cerol^ral  area. 
I  Vasomotor  Nerves  of  the  Head  Region. — 'J'he  vastjniotor 
supply  of  the  various  parts  of  tlie  head,  including  the  mouth  cavity, 
has  been  investigated  by  many  oljservers.  It  would  apjieur  from 
(ttie  results  of  most  of  these  investigations  that  the  vasoconstrictor 
supply  f«>r  the  skin,  including  the  eara,  the  eye,  the  mouth,  and 
buccal  glan<ls,  is  derived  nuiinly,  if  not  entirely,  fnun  the  sym|)a- 
thetic  nervous  system.  These  fillers  arist^  from  the  sjMnal  cord  hi  the 
up{)er  thoracic  ner\'es,  first  to  the  fifth  or  sLxth,  emerge  by  the  rami 
||K)mmunicantes  to  the  sympathetic  chains  in  which  they  pa&s  upward 
and  end,  for  the  most  jiart,  in  the  siifwrinr  cervical  ganglion.  Knjm 
this  ganglion  tliey  are  distributtsb  l>y  various  n)utes,  as  jxwtgan- 
glionic  libers,  in  one  interciiting  liiHiiuice  the  constrictor  fil)crB 
Xor  the  head  were  supposed  to  take  u  somewhat  different  course. 
Pt  was  shown  by  Schiff,  long  ago,  that  in  the  rabbit  the  ear  receives 
vaMimotor  fillers  from  the  auricularis  magmis  nene,  a  branch  of  the 
third  cervical  ner\'e.  Later  investigatiorLs  indicate  (Meltzer)  that 
the  ear,  in  fact,  receives  nuKst  of  its  vasoconstrictor  fillers  by  this 
route.  Fletcher,  however,  has  shtnvn  that  these  filx^rs  4I0  not  emerge 
from  the  brain  in  the  nxita  of  the  third  cervical,  but  rather  in  the 
general  outflow  from  the  thoracic  region.  After  reaching  the  sym- 
pathetic chain  these  particvdar  fil)ers  pass  to  the  third  cervical  by 
the  gray  rami  from  the  first  thoracic  ganglion,  which  communicate 
with  a  number  of  the  cer\'ical  nerves.  On  the  other  hand,  the 
Irasodilator  fillers  for  the  head  are  supplied  in  part  by  way  of  the 
cer^'ical  sympathetic,  following  the  same  general  path  ius  the  con- 
strictors, and  in  part  by  way  of  the  cnmial  ner\'es  (seventh,  ninth) 
|tad  the  sympathetic  ganglia  with  which  they  connect.  According 
to  Langley,  the  outflow  of  the  sevejith  nerve  passes  to  the  spheno- 
palatine ganglion,  whence  as  postganglionic  fibers  they  accompany 
iilie  branches  of  the  sui:)erior  nuixillar>*  ner\'e  and  cause  vasodila- 
tation in  the  membrane  of  the  nose,  soft  palate,  tonsils,  uvula,  roof 
of  mouth,  upper  lips,  gums,  and  phar^Tix.    The  well-knovn  (iilatora 

the  submaxillary  and  sublingual  glands  are  contained  in  the 
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chorda  tympani  branch  of  the  neventh  nerve;  the  pregangliooir 
fibers  terminate  probably  in  the  small  peripheral  ganglia  connected 
with  these  glands.  The  (il)e]-s  that  emerge  in  the  ninth  puss  in 
part  directly  to  tlie  tongue  and  in  pai1  tenninate  first  in  the  otic 
ganglion,  whence  they  are  di.sirilnited  with  the  branches  of  the 
inferior  maxillary  to  the  lowei*  lips,  cheeks,  gums,  an<l  parotid  and 
orl)ituI  glands.  Diustre  and  Morat  describe  the  vasodilators  in  the 
cervical  sympathetic  as  i-eaching  the  fifth  cranial  nerve  by  com- 
municating branches  from  the  superior  cervical  ganglion  and  state 
that  they  cause  dilatation  of  the  bucco-facial  region. — that  is, 
the  lips,  the  gums,  cheeks,  palate,  nasal  mucous  membrane,  and 
the  corresponding  skin   areas. 

The  Trunk  and  the  Limbs. — The  vasoconstrictor  fibers  for 
these  regions  are  distributeil,  so  far  as  is  known,  chiefly  to  the  skin. 
They  are  all  derived  immediately  from  the  sympathetic  clmin  and 
ultimately  from  the  outflow  in  the  anterior  roots  of  the  thoracic 
and  lumbar  spinal  nerves.  Those  for  the  upj^er  timbs  arise  from 
the  niidthoracic  region  chiefly  (fi^urth  U^  ninth  thoracic  nerves), 
those  for  the  lower  limljs  arise  in  the  nerves  of  the  lower  thoracic 
and  upper  lumbar  region  (eleventh,  twelfth,  thirteenth  tlioracic 
[dog]  and  first  and  second  himbar).  The  vasodilator  fibers  in  the 
nerves  of  the  limbs  have  been  demonstrated  frequently,  as  already 
explained.  Whether  or  not  these  fibei-s  also  piiss  through  the 
sympathetic  system,  following  the  same  general  course  as  the 
vaso  constrictors,  has  not  l>een  shown  conclusively.  The  most 
definite  work  at  present  (Bayliss)  indicates  that  the  vasotlilator 
effect  Is  directly  caused  in  some  \mknown  way  V»y  fillers  found 
in  the  posteiior  i-oots  of  the  nerves  forming  the  brachial  and  the 
sciatic  plexus.  The  unsatisfactory  explanations  offered  for  this 
result  have  been  i-eferred  to  (p.  56S). 

The  Abdominal  Organs. — ^The  stomach  and  intestines  receive 
their  most  import^mt  supply  of  vasoconstrictor  fibers  by  way  of  the 
splanchnic  nerves  and  celiac  ganglion.  These  fibers  emerge  from 
the  cord  in  the  lower  thoracic  spinal  nerves,  from  the  fifth  down, 
and  the  \ipi>er  lumbar  nerves,  and  they  supply  the  whole  mesenteric 
circulation  as  far  as  the  descemiing  colon.  According  to  some 
obsen'crs  (Fran^ois-Franck  and  Hallion),  the  mesenteric  vessels 
receive  a  supply  of  vasodilator  filjers  by  the  same  general  route,  and 
it  is  also  stated  tliat  similar  fibers  itsach  this  region  through  the  vagus 
nerve.  Concerning  this  latter  statement  at  least  further  con- 
firmation Is  necessary.  The  |>ancreji3  has  l>een  shown  to  receive 
vasocoastrictor  fillers  by  way  of  the  splanchnics,  and  the  kidney, 
according  to  Bradfonl.  receives  vasodilator  as  well  as  vasocon- 
strictor fibers  from  the  same  nerve.  Most  of  the  vasomotor  fibers  to 
the  kidney  of-  the  dog  emerge  from  the  cord  in  the  roots  of  the 
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Venth.  twelfth,  and  thirt^fnth  thorucie  nnrvos.  arul  tliose  for  the 
liver  (Franeoia-F'ranck  ami  Hidlion)  vtmic  from  jiln>iit  the  same 
region.  The  vasoroiLstrii'tors  to  ihv  splrcn  are  snul  to  leave  the 
spina]  ronl  rhieHy  in  the  anterior  root.s  of  the  sixth,  seventh,  and 
eighth  thoracic  nerves. 

The  Genital  Organs.  —Roth   vfisoeonatrirt-or  and  va^mniilator 
fibers  have  l»ecn  diseovered  for  the  external  ^t'lit-iil  orK**'*^  (|x^nis, 
scrotiira.  cUtori.s,  vulva).     The  vasoroastricturs  arise  in  the  dog 
from  the  thirteenth  thoracic  to  the  fourth  lumhar  nerves,  }>aas  over 
to  the  sympathetic  chain,  and  thence  reach  the  orgjans  either  liy 
^Umy  of  the  hyf>ogastric  nerve  and  pelvic  filexus  or  by  way  of  the 
^nl^eral  .sympathetic  Ranglia  and  their  })ranches  to  the  piuiic  nerves. 
I  The  vasodilator  (il>ers  arise  from  the  .sacm!  spinal  nerve,  being  the 
'  best  known  of  the  sacml  autont.nnif  system.    They  enter  the  ner- 
\nis  erigcna  and  thence  reach    the    organs  by  way  of  the  ]x^ivic 
plexus.     The  esjjecial  importance  of  these  fibers  in  the  process  of 
erection  is  deseril>eti  in  the  se<!tion  on  the  physiolog^v  of  the  repn>- 
ductive    organs.    The    internal    genital    o^^ans — uterus,    vagina, 
vas  deferens,  seminal  vesicles,  etc. — receive  no   vasomotor  fibere 
from  the  sacral  autunornic  system, — that  is,  from  the  nervi  erigentes 
— l>ut  do  receive  a  sup[»ly  of  constrictor  fibers  from  (he  sympathetic 
8>'stem.     These  latter  filx'ts  emerge  from  the  cr»rd  in  the  riHits  of 
the  upper  lumljar  nerves  and  reach  the  organs  by  way  of  the  in- 
ferior mesenteric  Kim^Iion  and  liypogastric  nerve.* 

Vasomotor  Supply  of  the  Skeletal  Muscles. — (!a.ske[lt  es- 
pecially has  given  evidence  of  the  existence  of  vasomotor  iil>ers  in 
»the  muscles.  He  concludes,  as  the  n'sult  of  his  work,  that  the  blood- 
veflaels  of  the  muscles  receive  both  vasoconslrictor  ontl  vasodilator 
fibers,  but  tliat  the  latter  gn'atly  pretlominate,— at  leajttt,  their 
physiological  effect  is  much  more  evident  in  exi)erimenLal  work. 
As  proof  of  the  presence  of  dilator  filxjrs  he  gives  such  results  as 
these:  The  mylohyoid  muscle  of  the  frog  is  thin  enough  to  be 
observed  directly  under  the  microscope.  When  curarized  anfl 
stimulate*  I  thmugh  it^s  motor  nerve  the  small  vessels  may  be  seen 
to  dilate  and  there  is  an  augmented  flow  of  blowi.     In  a  dog  section 

I  of  the  mot^jr  ncr\'e  to  a  muscle  is  followed  by  a  greatly  increased 
flow  of  blooii,  which,  however,  is  only  teniporar>'  and  is  referable  to 
a  mechanical  atimidation  of  the  dilator  filjcra.  Direct  stimulation 
of  the  severed  nerve  causes  an  increased  flow  of  blood  tlu-ough  the 
muscles,  but  if  the  muscles  are  first  completely  cunirized  stimulation 
causes,  on  the  contrary*,  a  decreased  flow.  This  last  result  is  ex- 
plained on  the  supposition  that  cunire  paralyzes  the  endings  of  the 

•  For  the  hibliojo^i^hy  of  tin?  vasomotor  Kupply  U^  the  varioiifK  oneanv  tax 
[lev,  "  r'^fobnisfH'  ilcT  Phvflinlopie,"  vol.  h.,  ff*'**  n.,  p.  820,  IIHU.         ,^ 
Umakell.  '  Journal  of  rhvsiologj'."  1,202,  lS7S-7y. 

/ 


52^4 


CIRCULATION"  OF  BU>OD  AND  LVMPH. 


dilator  fillers  and  thus  allows  the  effects  of  the  constrictorH  to  manj- 
fesl  themsolvcs.  Since,  however,  Bayliss  hus  jjiven  evitlenre  to 
show  (]>.  oOS)  th:ir  the  dilator  effect  in  tlie  limits  is  due  io  the  anti- 
droimc  action  of  tifforent  Hl>ei-s,  it  is  evident  that  this  important 
question  needs  rcinvestiKution.  Various  physiologists  have  shown 
that  niusf'ultir  activity  is  accompanied  by  an  increase  in  the  bltKxl- 
flow  thronj^h  the  iiuiscle,  as  we  should  expect,  but  it  remains  uncer- 
tain wiiethcr  this  result  is  brought  al>out  solely  by  an  increased 
activity  of  the  lie^rt  or  by  the  combmed  effect  of  vasodilatation  and 
increase  in  heart-work.  Kaufniann  *  takes  this  latter  view  in  con- 
sequence of  some  intei-estiri^  i-esults  obtaine<l  upon  hoi*se.s.  He 
measured  tfie  blcH>d-flow  through  tlie  niassoter  muscle  antl  the 
elevator  of  the  lip  in  a  horse  in  wliich  the  muscles  were  exercised 
nonnally  by  tlie  act  of  eating.  The  hlood-flow  was  increased  as 
much  as  five  times  over  that  obsen'ed  (idring  rest,  and  that  this 
increjise  was  due  in  part  at  least  to  a  lura!  dilatation  seems  to  be 
proved  by  the  fact  that  the  blood-pressure  in  the  arten*  supplying 
the  muscle  fell,  while  that  in  the  vein  rose.  WMle.  therefore,  our 
experimental  knowledge  of  the  vas*)motors  nf  the  nuiscles  needs 
furtficr  investi^atiffU,  we  may  provisionally  accept  the  view  atl- 
vocated  by  (Ituskell, -^namely,  that  the  vasomotor  supply  to  the 
muscles  coiLsist^  essentially  of  dilator  fibers  and  that  these  fibers 
are  brought  into  action  reflexly  whenever  the  muscles  contract, 
thus  providing  an  increased  blood-flow  in  projxirtion  to  the  func- 
tional activily.  It  shoidd  be  ailded  that  the  local  dilatation  in 
the  muscles  during  activity  may  l)e  due  also  to  the  chemical  uerion 
of  ttie  (acidt  metabolic  products  on  the  bl<K)d-vessels  (p.  569). 

The  Vasomotor  Nerves  to  the  Veins.^lt  is  assumed  in  physi- 
ology* that  the  vastK-onstrictor-s  and  \asodilators  end  in  the  muscula- 
ture of  the  small  arteries.  The  veins  also  have  a  muscular  coat. 
and  it  is  possililc  that  if  this  muscndatum  were  initervated  from 
the  <*.entral  nervous  system  we  shovdfl  have  another  ptiicieul  factor 
in  controlling  the  bloo<l-flo\v.  Mall  has  given  very  clear  proof  that 
the  portal  vein  reireives  vasoconstrictor  filjeiv  fniui  the  splanchnic 
nerve, t  but  this  supply  may  1m»  exceptional,  as  the  portal  system 
itself  is  unique.  The  portal  vein,  intleed,  plays  the  r61e  physiolog- 
ically of  an  arter>'  in  regard  to  the  liver.  Roy  and  Sherrington  J 
give  some  evidence  for  the  existence  of  venomotor  nerves  to  the 
large  veins  of  the  neck,  and  Th(>mp.si>n,  as  also  liancroft.J;  reports 
experiments  in  which  it  was  found  that  stinudalion  of  the  sciatic 
nerve  caused  a  visible  constriction  of  the  superficial  veins  of  the 

♦Koufmann, '•  ArchivpHtlc  physioloRie  uormftlo  ct  pathologique,^'  IW»2. 
pp.  27l>  arifi  4U5. 

+  Mall.  "  .Vrchiv  f.  PhysioioRie,"  n.  4m,  1S92. 

t  Roy  nnd  Shorrinj^on.  "  Journal  of  Phyaiology,"  11,  85,  1890. 

§  Bancroft,  "  .\mencan  Journal  of  Phytaology,  '  1,  477,  1898. 


»nd  limhfl.  The  whole  suljjeot.  however,  of  vennmotor  ner\' 
has  lx«n  but  litlle  investigated,  and  at  present  little  or  no  use  is 
made  of  this  possible  system  in  explaining  the  facts  nf  the  simu- 
lation. 

THE  ORCULAnON  OF  THE  LYMPH. 

The  ilirertion  of  (low  of  the  lyinjih  Is  tnmx  the  tissues  towanl  the  ]arge 
l>'niphatic  tnuiks*.  the  thonu-ir  anrl  the  riijht  lymphutip  duct.  T\\e  flow  is 
ttuuntoineti  in  this  Hirertion  niaiitlv  I)y  n  difTencriie  in  pressure  at  the  two  ends. 
At  the  openinK  of  the  targe  Initilvs  iiitu  the  veins  (he  pressure  is  very  low; 
in  tike  vein,  in  fact ,  it  may  Ik?  zero  or  even  negative  The  openinft  between  the 
lymph  x^efwel  and  the  vein  is  i)rotcctcd  hy  a  valve  which  o;H;nrt  toward  the 
vein,  and  the  lymph,  therefore,  will  flow  into  the  vein  us  lonj;  aw  tin*  ^tre*- 
ature  in  the  latter  In  lower  than  thiit  in  tlie  lyni[>htttir  duct,  .\t  the  other  ex- 
tremity of  the  rtyptem.  in  the  tissue  spaces  to  wliich  the  Ivmphatic  r'apillaries 
are  distributed,  the  pressure,  on  the  contran',  b*  hiph.  tin  exact  atnount  is 
not  known,  hut.  (since  the  pressure  in  the  hlorwl  capillaries  'is  e<]ual  (<i  4l»-60 
mnis.  Hjr.,  tlie  pressure  in  the  liquid  of  the  jiurroundinK  ti.'wues  uui^t  also  lje 
considerable.  The  tissnes  are,  in  fact,  in  a  condition  of  turbidity  owing  to 
the  pressure  of  the  lymph  in  tlie  tinsuB-spaoee.  This  difl'erenc'O  ni  pressure 
Jit  the  two  ends  of  the  Ivniphatic  sj'stcm  is  the  main  constant  factor  in  mov- 
ing the  lymph.  It  is  ohvious  that  in  the  long  run  it  is  ftcjkendent  upon  the 
nraoBure  within  the  blood- vesiseL>«  and  therefore  ujmui  the  torce  of  the  heart 
Mftt.  The  otjntractions  of  the  heart  sujt]ily  I  he  energy,  not  only  for  the  move- 
ment of  the  blon<l,  but  also  for  the  mui>h  slower  movement  of  the  lymph.  The 
ctirulatiiin  of  the  lymph  is  aideii^  however,  by  many  accessor>*  factors.  la 
jVKne  animaU  there  are  f^nuine  lyniph  fiearts  u[m)ii  the  course  of  the  ves^i^ls, — 
that  is.  pulsatile  exnansiorLs  of  the  lyrnph  vessels  who.se  force  of  l>ejit,  con- 
trolled by  vaU  es,  is  directly  api»lie<l  to  moving  the  lymph.  No  sucli  structures 
MI9  found  in  the  mammalia,  nut  acc^irvling  to  some  otjser%'ers  the  hirge  re- 
repiocle  at  the  beginning  of  the  tlioracic  duct,  rercptaculum  chyli  tnay 
undergo  contractions,  and  i:*,  l>e*ides,  under  the  influence  of  motor  and 
inhibittiry  nen-es.  riuch  movenienf,  if  they  occur,  must  l^e  erjuivalent  to  the 
acti'Ht  of  a  lymph  heart  in  their  influence  upon  the  flow  of  lymph.  The 
flow  of  lymph  or  chyle  in  the  iiite>tinal  area  is- also,  without  doubt,  greatly 
fBUfited  by  the  (.kcrL-ialtic  and  e-pecially  by  the  rhythmic  contractions  of  the 
rnii..iii:,turo  of  the  intestines.  The  volume  of  the  Iym|>Ii  in  this  region  ift 
lly  Uirge  aiui  the  lymph  capillaries  and  veins  are  provided  with  valvee. 
imral  rontraction.s  of  the  musculature  of  the  inlesiine  must  squeeze 
the  ivtnph  toward  tlie  thoracic  duct,  acting  like  a  local  pump  to  accelerate 
the  rfow  of  lyniph.  A  idinilar  influence  Is  exerted  by  the  contractions  of  the 
fkeletAl  muscles.  The  compression  exertoil  by  the  shortened  fibers  squeezes 
the  K'mph  vessels  luid,  on  account  of  the  valves  present,  forces  the  lymph 
onwutl  towanl  the  larger  duclj*.  The  flcm  of  lynipli  from  the  resting  n»uscles 
— the  arms  and  legs,  for  instance — is  nommlly  small  in  quantity,  but  during 
muMTular  cxercl-«  and  massage  it  is  obviou.^ly  increa.'eeil.  This  iiu'reuse  may 
lie  oli^erve*]  in  exiierimental  work  by  ]>)acing  a  cannula  in  the  thoracic  duet. 
Active  or  i»a«sive  movement"*  of  tlie  limits  midcr  these  condition.s  will  cause  & 
■otireable  increase  in  the  outflow  from  the  duet.  Still  another  factor  which 
•Kcrcises  an  influence  upon  the  flow  of  bTuph  is  found  in  the  respiratory  move- 
mentj^  of  the  thorax.  At  ejich  inspiration  the  pressure  within  the  thorax  is 
diminiflhed  (increase of  negative  pressure),  and  this  factor  influences  the  lymph 
flow  in  several  ways:  By  iuL-rcasing  the  flow  of  blood  tlirough  the  large  veins 
at  the  edge  of  the  thorax,  jugulars  and  snbclavians,  it  doubtless  aspirates 
lymph  from  the  thoracic  and  right  lymphatic  ducts  into  the^e  veins.  More- 
over, by  lowering  the  nres.Mire  np«>n  the  intrathonwic  portion  of  the  thoracic 
duct  it  also  anpirates  tlie  lymph  from  the  alxlominal  fK)rtion  of  this  vessel. 

\>'hen  we  place  u  csmiula  in  the  thoracic  duct  and  measure  the  outflow 
directly  it  is  found  Ut  bo  cxccctlingly  dlow  and  variable.     Older  measure- 
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ments  (Weiss)  indicate  that  it  has  a  velocity  in  the  duct  in  the  neck  of  about 
4  mms.  per  second,  but  this  velocity  changes  naturally  with  the  condHioae 
influencing  the  production  of  lymph  in  the  tissues.  Heidenhain  estimatea  that 
for  a  dog  weighing  10  kgms.  the  total  outflow  from  the  thoracic  duct  in  U 
hours  is  equal  to  640  cc.  Munk  and  Rosenstein^  from  observations  upon  a 
case  with  a  lymph  fistula,  estimated  that  in  man  the  flow  may  be  equal  to 
fiO  to  100  or  120  cc.  per  hour. 


SECTION  VI, 
PHYSIOLOGY  OF  RESPIRATION. 

Historical. — ^The  term  respiration  as  usuall}'  employed  in 
physioIog>'  refers  to  the  process  of  gaseous  exchange  between  an 
organism  and  its  environinent.  This  exchange  consists  essentially 
in  the  absorj^tion  of  oxygen  by  the  living  matter  and  the  elimination 
of  carlx>n  dioxid.  It  is  one  of  the  generalizations  of  physiologj'  that 
all  living  matter,  with  the  e^teeption  perhaps  of  the  anaerobic 
organisms,  requires  oxygen  for  its  vital  processes, — that  is.  it^ 
characteristic  metabolism.  On  the  other  hand,  one  of  the  universal 
end-products  of  this  metal^olism  is  carbon  dioxid.  Hence,  respira- 
tion in  some  form  is  one  great  characteristic  of  living  things.  In 
the  simplest  animals  and  plants,  the  unicellular  organisms,  the 
exchange  between  the  air  (or  water)  and  the  organism  takes  place 
directly,  but  in  the  more  complex  animals  some  form  of  respiratory 
apparatus  is  devclo]x?d  whose  fimction  consists  either  in  bringing 
the  air  or  oxygen-laden  water  to  the  coastituont  cells,  as  Jn  the  air 
tubes  of  the  insects,  or  in  bringing  the  circulating  blooti  into  contact 
with  the  air  or  water,  as  in  the  case  of  animals  provided  with  lungs 
or  gills.  In  man  and  the  air-breatliing  vertebrates  the  hitter  device 
is  employed  and  one  may  distinguish  in  such  animals  lietween 
internal  and  external  re3j)iration.  By  the  latter  term  is  meant  the 
gaseous  exchange,  al:»sorption  of  oxygen  ami  elimination  of  carl>ou 
dioxid,  that  takes  place  in  the  limgs  between  the  hhmd  in  the  pul- 
monar>'  capillaries  and  the  air  in  the  alveoli.  Hy  interiKil  resf)ira- 
tion  is  meant  the  similar  exchange  that  takes  place  in  the  systemic 
capillaries  between  the  blood  and  the  tissue  elements.  All  of  this 
exchange  is,  so  to  speak,  secontlar>',  since  the  essential  process 
consists  in  the  history  of  the  nxygen  after  it  is  absorbed  into  the 
tissues,— tiiat  is,  the  part  taken  by  the  oxygen  in  the  metabolism  of 
living  matter.  This  process,  however,  is  a  part  of  the  subject  of 
nutrition.  The  food  absorbed  fmm  the  digestive  organs  and  the 
oxj'gen  taken  from  the  bltXHl  have  a  common  history,  or  at  least 
their  reactions  are  indis.s/tlui>ly  connected  after  they  come  within 
the  field  of  influence  of  the  liv^ing  molecides.  This  side  of  the  fimc- 
tion of  the  oxygen  may  be  considered,  therefore,  more  appropriately 
in  the  section  on  nutrition.  In  the  present  section  attention  will  be 
directed  to  the  beautiful  means  that  have  been  adaj)ted  to  the  pur- 
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pose  of  supplying  the  tissues  with  oxygen  and  of  removing  the 
(jarbon  dioxid. 

The  true  understanding  of  the  object  of  the  act  of  resiiiralion  we 
owe  to  Lavoisier,  the  thscoverer  of  oxygen.  In  Iiis  pajjor  puhlishwi 
in  1777.  entitled  "  Hxperiiuents  on  the  Retipimtion  of  Auiniab  mi-i 
on  the  Changes  which  the  Air  I'ndergocs  in  Passing  thrrnigh  the 
Lungs,"  he  laid  the  foumiations  of  our  present  knowledge,  and 
in  subsequent  work  he  deveIo|)ed  a  conception  of  the  rmturedf 
pliysiological  oxiclations  which  has  (dominated  the  physiolopiral 
theories  of  nutrition  up  to  the  present  time.  The  di.sfoven'  uf  ii)e 
physiological  nieauing  of  re8pii*ution  and  the  function  of  the  luojes 
constitutes  the  nuxst  interesting  fmrt  of  the  history  of  physiologr. 
All  the  grejit  physiologists  of  past  age*s  contributetl  their  part  to 
the  story,  and  as  we  look  back  we  can  count  distinctly  the  diffprenl 
steps  made  toward  the  truth  as  we  imderstand  it  to-day,  "Hie 
liistorv'  of  tins  subject  is  not  only  most  instructive  in  <icmonstniliog 
the  triumphant  although  slow  progress  of  scientific  investigatioo. 
but  it  illustrates  well  also  the  intinmte  interrelations  of  phv'siologv' 
with  the  sister  sciences  of  chemifitr\'  and  physics  an<l  the  great  vidue 
of  the  ex|x*riuiental  methtMl.  'Hie  theory'  of  respinitiou  hcl<l  intaicb 
century  was  fonmilated  t^)  explain,  as  fur  as  posdble,  the  facfs  that 
were  known,  and  as  we  look  buck  from  our  vantage  point  it  is  most 
impressive  to  realize  how  well-known  phenomena,  imperfectly 
imderstood,  were  ai)i)arently  exj>lnined  by  theories  which  we  nrw 
know  to  be  incorrect.  Without  doubt,  many  of  the  explaimtiom 
accepted  to-dnv  will  in  later  times  Im?  found  to  rest  ujxjn  a  similar 
incomplete  knowledge.  I'^ch  generation  must  do  the  best  it  (*n 
with  the  knowledge  of  its  times. 

The  histon,''  of  respiration,  the  successive  steps  in  its  pmgies  may 
be  summarized  in  a  few  wr>rds.  Arist^)tJe  thought  that  tlie  mftin 
function  of  respiration  is  t^>  regulate  the  he^it  of  the  body,  which  was 
suppased  t^  l»e  produced  in  the  heart;  hence  tlie  increased  respira- 
tiotis  after  mus<nilar  exercise  when  the  body-heat  is  increased.  At 
the  sajiie  tijnc  he  l>elieved,  with  the  philosophers  of  his  times,  that 
the  body  receives  something  from  the  air  timt  Ls  necessarv"  to  lifp.  * 
subtle  something  that  he  «lesignated  as  the  "  pneuma."  Praxagora* 
taught  that  blood  is  contained  only  in  the  veins,  and  that  the  a^ 
teries  are  filled  with  a  gaseous  substance,  the  *'  pneuma "  ilerived 
from  the  air,  an  unfortimate  error  that  prevailed  in  medicine  fof 
several  centuries.  The  two  celebrated  anatomists  and  physiologists 
of  the  Alexanrlrian  school,  Herophilus  and  KrasistratusT  distin- 
guished two  kinds  of  pneiuna,  the  vitiil  spirits,  which  are  made 
extracted  from  the  air  in  the  lungs  and  whose  production  consti 
tutes  the  chief  fimction  of  respiration,  ami  the  animal  spirits,  elabo- 
rated  in  the  brain  from  the  vital  spirits  and  responsible  for  tl 
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hs  of  motion  and  sensation.  Galen  (131  A.  D.)  demonstraterl 
the  arteries  as  well  as  the  veins  contain  blcKJii,  but  still  believed 
that  the  chief  function  of  the  respimton*  movements  is  to  furnish 
pneuma  or  vital  spirits  to  the  heart.  This  great  physiologist  noticed 
alflo  that  the  air  is  necessary  for  combustion  as  it  is  for  life,  and 
his  lK?lief  that  the  explanation  of  one  of  these  acts  would 
an  explanation  of  the  other.  This  thought  seems  to  have 
been  accepted  by  all  the  physiologists  of  subsequent  times,  but  it 
required  over  sixteen  himdred  years  of  investigation  before  a  satis- 
faclor>'  solution  was  reache<I.  CJalen  recognize*!,  moreover,  that 
not  only  does  the  blood  t-ake  something  of  essential  iniporta.nce  (nm\ 
the  air. — namely , vital  spirits, — but  it  also  gives  off  something  to  the 
air  that  is  injurious  to  the  liody,  a  something  which  he  compared  to 
the  smoke  of  combustion  and  designate*!  as  the  "  fuliginous  vapor. " 
If  we  substitute  oxygen  for  vital  sjiirits  anrl  rarlmn  dioxid  for 
fuliginous  vapor  we  realize  that  the  essential  proltleni  of  respiration 
was  already  clearly  foniiuluteil,  but  could  not  make  further  advance 
until  chemical  knowledge  was  more  fully  developed-  Such  is  the 
case  with  some  of  our  physiological  prr»blems  to-day.  Galen  also 
explaine(.l  satisfactorily  the  respiratory  movements,  the  action  of  the 
muscles  of  inspiration  and  expiration,  thus  destroying  the  older 
erroneous  theories  that  the  expaiifiion  and  contraction  of  the  lungs 
are  due  U»  processes  of  heating  and  cooling. 

Galen's  physi<»loK>'  held  utiflispute<l  sway  until  the  seventeenth 

century.     At  that  time  there  arose  a  school  of  physiologists,  the 

iatn>mechanists,  who  prciposed  to  explain  all  vital  phenomena  u}>ou 

known  mechanical  principles. — the  laws  of  physics  and  chemistr>'. 

For  the  mystical  view  of  vital  spirits  they  proposed  to  substitute  a 

more  rational  and  concrete  theor%\     The  blood  in  the  lungs  l)ecomes 

red  simply  l^ecause  it  is  minutely  siihdiviiled  and  shaken,  just  as  a 

tube  of  blood  becomes  red  when  violently  agitated.     Thus  an  effort 

to  l>e  more  scientific,  to  use  the  exact  knowledge  of  physics,  led  to 

the  adoption  of  views  which  we  now  know  were  far  more  erroneous 

tluin  the  ancient  ami  intrinsically  correct  conception  that  the  blood 

receives  sometliing  from  the  air  in  the  lungs. 

f        In  the  seventeenth  centiury,  however,  began  those  (iisccveries 

in  chemistr)'  and  physiology*  which  eventually  led  to  our  present 

I  knowledge.     Van    Helmont    (1577-1044)    discovered    that   in    the 

burning  of  dmrcoal,  the  fenuentation  of  wine,  and  the  action  o( 

I  vinegar  on  chalk  a  si^ecial  gas  is  produced  which  he  called  gas 

I  BA-Ivestre  and  wliich  we  call  carl>on  ilio?dd.     Robert  Boyle  (1627- 

i  1691)  publLsheil  a  most  interesting  series  of  exj^eriments  made  with 

the  aid  of  the  recently  discoveretl  air-j>ump  which  demonstrated  the 

correctness  of  the  view  held  by  (ialen  that  the  air  contains  som^ 

thing  necessary  for  life  and  fur  combustion.    He  showed/  moreover, 
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that  air  that  had  lieen  repeat<»dly  inspirefl  was  no  longer  cajwbie 
of  maintaining  life.  Robert  Hooke  (I6;}5-1703)  inlnxiiice*!  :i 
method  of  artificial  respiration  by  means  of  a  liellows,  and  demon- 
strated !>y  sending  a  continuous  stream  of  air  through  the  Uii)^ 
that  the  respirator)-  movements  of  these  organs  are  in  themselves, 
asumechaniral  process,  in  no  wise  an  essential  feature  of  respiraiion. 
John  Mayow  in  168H-1674  discovered  that  air  is  not  a  simple  de- 
ment, but  contains  a  definite  substance  necessary  to  life  and  to 
combustion.  Tie  dcsignate<l  this  substance  as  the  nitro-aerian 
vajK)r  or  nitnjus  t>arti'."les,  because  he  believed  that  the  same 
substance*  is  present  in  condensed  form,  as  it  were,  in  common  niUr. 
having  fotuid  that  combustion  is  possible  even  in  a  vacuum  iu  the 
presence  of  niter. 

In  the  eighteenth  centun%  as  is  shown  in  the  work  of  Uie  great 
physiologist,    Ilaller,   the   theories  of  respiration   were  in  many 
respects  in  a  most  unsatisfactorv  state.    The  new  facts  that  had 
been  discovered  made  the  old  \iew8  imtenable,  but  were  not  is 
themselves  sufficient  to  explain  clearly  what  actually  takes  plw«. 
Such  periods  of  uncertainty  and  dissatusfaetion  are  frecpient  enough 
in  the  histor>^  of  stiience.     In  IToT  Joseph  Black  rediwcoveretl  carlion 
dioxid,  calling  it  fixetl  air.  and  showcii  that  it  is  present  in  expire*! 
air.     A   little   later   Priestly  iliscovered  and   isolated  oxygen  and 
nitrogen;  but,  under  the  influence  of  an  ermiieous  view  of  combus- 
tion that  had  lM?en   ndvancetl  by  Stidd,  w.hs  unal>le  to  give  hi* 
disiMiveries  a   clear   and   satisfactoiy   application.     The   final  sU'p 
in  thus  progress  was  made  by  t!ie  wonderful  work  of  Lavoisier 
between  the  years  1771  and  17S0.     He  made  correct  analyses  of 
air  and  of  carbon  (hoxid.  he  explaine*!  combustion  as  an  oxidation 
with  the  formation  of  (T).  nnrl  H.i).  he  showed  that  in  respiration 
the  same  process  occurs,   antl   that  the  bltKKl   takes  oxygen  fn>m 
the  air  and  gives  back  to  it   in  expiration  the  carbon  dioxid  and 
water  formed   by   combustion  within  the  body.     He  gave  us  the 
eRsential  fiuts  in  the  modern  theories  of  respiration  and  phyaio- 
logictil  oxi<l!Uiont*. 

After  Lavoisier  the  chief  positive  advances  that  have  been  made 
have  been  in  reference  to  the  condition  of  the  gases  in  the  blood. 
By  means  of  the  gas-pump  Magnus  (1837)  obtained  these  gases 
quantitatively  and  thus  procured  data  which,  as  Liebig  showed, 
demonstrate  that  the  oxygen  is  held  in  the  blood,  not  in  simple 
8<:i!ution,  l)ut  in  some  fonn  of  chemical  combination,  probably 
A^ith  the  red  corpuscles.  Finally  it  was  shown  by  Stokes  nod 
Hoppe-Seyler  that  the  oxir'gen  is  held  in  definite  chemical  com- 
bination with  the  hemoglobin.  The  nature  of  the  combination  of 
the  carbon  dioxid  in  the  blood  is  not  yet  entirely  understood,  while 
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the  nrtiial  nature  of  phyaological  4)xidations — that  is.  the  part 
jtakcn  by  the  oxygen  in  the  cheniitral  reactions  of  living  matter— 
one  of  the  great  problems  of  nutritiun  which  nmy  need  inany  years 
[for  aolution. 


CHAPTER  XXXIV. 

THE   ORGANS  OF  EXTERNAL  RESPIRATION  AND  THE 
RESPIRATORY  MOVEMENTS. 


Anatomical  Considerations. — Some  of  the  anatomioa!  ar- 
rangements in  the  Inngs  which  have  an  inuntntiate  jihysiological 
irif4*rpst  may  Im*  rpcallefj  l)ripfly  The  stnictures  of  the  trachea  :md 
bronchi  are  admirably  adapted  to  their  functions  as  air  tiilx'S.  in  that 
the  walls  pixssess  flexibility  condnne^l  with  rigidity.  The  lining  of 
eiliaterl  epithelinm  throughout  the  air  ]>ussagea  is  of  imiM>rtance, 
primarily  it  may  he  assumed,  in  removing  mucus  and  foreign 
material  fn)m  these  passages.  'Jlie  smaller  bronchi  ix)ssess  a  dis- 
tinct muscular  layer,  and.  as  we  shall  see,  this  muscidature  is  under 
the  control  of  a  special  set  of  nerve  fibers  through  whose  reflex 
Betivity  the  ciipacity  and  resistjince  of  the  broncliial  system  may  be 
moilified.  The  smallest  bronchioles  are  expanded  into  a  system  of 
membranous  air  cells,  and  in  the  walls  of  these  thin  sacs  the  capil- 
laries of  the  pubnonary  artery  are  distributed.  The  great  efficiency 
of  this  apparatus  is  evident  when  one  recalls  that  every  one  of  the 
infinite  mmiber  of  red  corpuscles  is  exposed  separatel>'  to  the  air  in 
the  air  cells,  so  that  although  the  time  of  transit  is  brief  the  entire 
amount  of  hemoglobin  is  nearly  completely  saturated  with  oxygen. 
Each  lung  is  enveloped  in  its  own  pleural  sac.  The  sjwice  between 
the  parietal  and  the  visceral  layer  of  ejich  sac  is  the  so-called 
picund  ea\ity,  but  it  must  \ye  Iwme  in  mind  that  under  all  normal 
conditions  this  cavity  is  only  potential, — that  is,  the  parietal  and 
visceral  layers  are  everywhere  in  contact  with  each  other.  Under 
pathological  or  accidental  conditions  air  or  exudations  may  enter 
this  space  and  form  an  actual  cavity.  Along  the  mid-line  of  the 
body  and  around  the  roots  of  the  lungs  we  have  the  mediastinal 
Bpaoes  lying  between  the  pleura!  sacs  of  the  two  sides,  but  entirely 
filled  with  the  various  thoracic  viscera,  such  as  the  heart,  aorta  and 
its  branches,  pulmonar\'  artery  and  veins,  vena?  cavse,  azygos  vein, 
trachea,  esophagus,  thonicic  duct,  various  nen'cs,  and  lymph 
glands.  All  these  organs,  therefore,  lie  outside  the  lungs.  A 
schematic  view  of  these  relations  is  represented  in  Fig.  242. 
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The  Thorax  as  a  Closed  Cavity. — The  thorax  is  a  cavity  aitii 

shut  off  from  the  outside  anti  from  the  alxloniinal  cavity.  In  this 
cavity  lie  the  lungs  and  the  various  viscera  enumerated  atwve. 
The  lungs  may  he  considered  as  two  lai^ge,  membranous  aa«>,  lu 
represented  in  Fig.  242,  the  interior  of  which  communicates  freely 
with  the  outside  air  through  the  trachea,  glottis,  et-c..  while  tbe 
outside  of  the  sacs  is  protecte<l  from  atmospheric  pressure  hy  the 
walls  of  the  chest.  The  atmospheric  pre.ssure  on  the  interior 
stiri'acea  of  the  lungs  expands  these  structures  under  normal  con- 
ditions until  they  fill  tbe  en- 
tire thoracic  cavity  not  ofxxx- 
pied  by  other  organs.  How- 
ever the  size  of  the  chest 
cavity  varies,  that  of  tk 
lungs    must    cliange    accord- 

'Ji^^    i^^jli^    X^^V-T*  i^gb'i  ^  '-h^t  »^  *1^  times  tbe 

lungs  fully  fill  up  even-  part  of 
the  cavity  not  otherwise  occih 
pied.  If  the  wall  of  the  thoTM 
is  opened  at  any  point  so  as  to 
\  1  make  communication  with  the 
outsitle  air,  or,  if  the  wall  of 
the  lung  Ls  pierced  so  that  tbe 
air  can  conununicate  with  the 
pleural  cavity  from  the  inside, 
then  at  once  the  lungs  shrink 
in  size,  since  the  atmospheric 
pre.ssure  is  then  equahzed  on 
the  outaiile  and  the  inside  of 
tiie  ftiU'S.  We  may  consider, 
therefore,  that  the  thoracic 
cavity  is  much  hirger  than  rhe  Umj^J,  imd  that  the  latter  are  bloftii 
out  to  fill  this  cavity  by  the  atmospheric,  pressure  on  the  inside. 

The  Normal  Position  of  the  Thorax — Inspiration  nnd  Kxpiro- 
tion. — During  life  the  8ize  of  th<^  thorax  is  continually  changing  with 
the  respirator)'  movements.  Hut  the  size  and  jxisition  tjiken  at  the 
end  of  a  noniial  expiration  may  be  regarded  as  the  normal  positioa 
of  the  thorax;  tliat  is,  its  position  when  all  of  themuacles  of  respira- 
tion are  at  rest,  and  substantially,  therefore,  the  position  f>f  tLe 
thorax  in  the  ciidaver.  Starting  Inrnx  tliis  position,  any  onlarge- 
inent  of  the  thorax  constitutes  an  active  inaptrniinn,  the  result  of 
which  will  be  to  draw  more  air  into  the  lungs  ;  while  starting  from 
the  normal  position  any  diminution  in  the  size  of  the  ihorax 
constitutes  u'u  active  ejcpiration,  whidi  will  drive  some  air  out  of  the 
lungs.     It  is  evident,  however,  that  after  au  active  inspiration  the 
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ri«.  2\'l. — Scheroa  lo  indicuto  the  re- 
latione uf  the  i^arietJiJ  und  vw-t-nil  laver>  of 
iJno  plounU  iwcft.  and  the  poNitiMti  of  th(^  t»e- 
diaatitia.1  ii[wce:  P,  the  pnt<-ntiul  rJeuml 
cavity  Ui  ciirli  koo;  M,  the  me^ixiatlnal 
Bpoee;  H.L.  and  L.L..  the  cuvity  'if  the 
nght  and  Uio  l)>ft  tunii,  ret^jxK'iively;  T,  the 
trachea.  l'h(>  curlinc-^  of  tlii*  iileura  on  each 
aide  ore  rcf>ri3cciiitid  ui  duii«U  Uuqb. 
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^orax  may  return  {msaively  to  its  noniial  j>osition.  giving  what  la 
known  as  a  fjassive  expiration, — that  Ls.  an  expiration  not  caused 
by  rauHcular  effort.  So  after  an  active  expiration  the  thorax  may 
jetum  passively  to  its  normal  position,  giving  a  passive  inspiration. 
'l)ur  normal  reBpimtor>''  niovenieuta  consist  of  an  active  inspiration 
fnllowe<i  by  a  pu^uve  expiration, 

Mechanism  of  the  Inspiration. — ^The  chest  cavity  may  \te 
enlar^^cii  anil  an  inspinUion,  therefure,  be  pnwlucetl  by  two  methods, 
— namely,  by  a  contraction  of  the  diaphragm  and  by  an  elevation 
of  the  ribs. 

Conlrttclion  of  Ike  Diaphragm. — From  the  anatomy  of  the 
diaphragm  it  is  evident  that  its  Hxed  attachment  is  found  in  its 
muscular  connections  with  the  hunbur  vertchnr,  the  ribs,  ami  the 
ensiform  cartilage.  From  these  attaelimeuts  the  nmscular  sheet 
extends  anteriorly  along  the  walls  of  the  thorax  and  then  bends  over 
to  form  the  arch  which  enrls  in  the  rentml  tendon.  This  latter 
structure  is  not  entirely  free,  since  it  is  attafduMl  to  the  pericar- 
dium of  the  heart  ;  hut,  relatively,  it  is  the  movable  jiortion  of 
the  diaphragm.  Speaking  genemlly,  a  contnution  of  the  dia- 
phragmatic muscle  draws  the  central  tendon  downward  toward  the 
alxlominal  cavity  and  therefore  enlarges  the  clicst  in  the  vertical 
diameter,  wiiile  an  increase  in  the  thoracic  cavity  aroimd  the 
pcriphcr>'  of  the  diaphragm  is  caused  also  by  the  flattening  of  the 
muscular  arch.  Tw^o  n»sults  follow  this  movement:  T!ie  lungs  arc 
expanded  exactly  in  jirofxirtion  as  the  cavity  enlarges.  There  is, 
of  course,  at  no  time  any  space  Ix^tween  the  lungs  and  the  dia- 
phragm: as  the  latter  moves  downward  the  lungs  follow  because  of 
the  excess  of  pressure  on  their  interior.  Although  or<-linarily  we 
speak  of  the  new  air  l^ing  sucked  into  the  lungs  during  tliis  move- 
ment, it  is,  of  course,  strictly  speaking,  forced  in  by  the  pressure  of 
tlie  outside  atmosphere.  On  the  other  hand,  the  descent  of  the  dia- 
phragm raises  the  pressure  in  the  abdominal  cavity.  This  cavity  is 
entirely  full  of  viscera  and  for  mechanical  purposes  may  be  regarded 
as  being  full  of  liquid.  The  rise  of  pressure  Ls  transmitted  throughout 
the  aUlomen  and  causes  the  abdominal  wall  to  protrude.  Inspiration 
catised  by  a  contraction  of  the  diaphragm  is  therefore  sjxiken  of 
either  as  diaphragmatic  respiration  or  as  abdominal  respiration,  the 
latter  term  having  reference  to  the  visible  effect  on  the  abdominal 
walls.  In  strong  contractions  of  the  diaphragm  the  heart  also  is 
pullcil  downward,  ami  if  the  movement  is  force<i  the  lower  ribs  may 
be  pulleti  inward  to  some  extent.  Tliis  last  effect  would  diminish 
the  size  of  the  thorax  and  therefore  would  teml  to  antagonize  the 
inspiratory  action  of  the  diaphragm,  and  other  muscles  are  appar- 
ently l)rought  into  play  to  pi*cvent  this  i^esutt.     As  stated  below,  the 
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248.— Sixth   dorsol    vertebtm   and 
nb.—(Bticher1.) 


quadratns  lumlwnim  and  the  serratus  posticus  inferior  may  liave 

this  functJon  of  fixating  the  lower 
ribs  in  violent  mspirations.  The 
diaphragmatic  umscle  is  innen*ated 
on  each  side  by  the  corresponding 
phreaic  nerve.  This  nerve  am) 
in  tlie  neck  from  the  fourth  ami 
fifth  cervical  spinal  nerves,  and 
jjasses  downward  in  the  chest  in 
the  mediastinal  space,  King  cloK 
to  tlie  heart  in  part  of  its  couise. 
Section  of  this  ner\e  paralyzes,  of 
course,  the  diaphragm  on  the  co^ 
resix)mling  side. 

Elevoiian  of  the  RibB.~k&  i 
necessary  residt  of  the  structure  of 
the  bony  thorax,  ever\-  elevation 
of  the  ribs  must  cause  an  enlanffr 
ment  of  the  thoracic  cavity  in  the 
dorsoventral  and  tlie  lateral  diam- 
eters. We  are  justified  in  saving 
that  every  muscle  whose  contiw- 

tion  causes  an  elevation  of  the  ribs  is  an  inspirnton-  muHcie.  This 

result  is  due,  in  the  first  place,  to  the  slant 

of  the  ribs,     l^^ach  rib  is  attarhed  to  the 

spinal  column  at  two  jMiiiits:  the  head  to 

the  body  of  the  vertebra  and  the  tubercle 

to  the  tiansverse  process.     The  up-and- 

tlown  movementis  of  the  ribs  may  he  re- 

garde<l  as  rot-ations  around  an  axis  joining 

these  two  points, — that  is,  each  point  in 

the  rib  as  it  iiu)vcs  up  or  down  describes 

a  circle  around  tliLs  axLs  (see  l*ig.  243). 

If  our  ribs  were  set  u|X)n  the  vertebral  col- 
umn so  that  the  plane  of  the  rib  formed  a 

right  angle  witli  the  column,  then  every 

movement  of  the  rib  up  or  down  woidd 

decrease  the  size  of  the  thorax  and  there- 
fore cause  an  expiration.     As  a  matter 

of  fact,  liowever,  the  ril)S  slant  downward, 

so  that  if  elevated  the  sternal  end  Is  car- 
ried farther  awav  from   the  sternum  and 

the  chest  is  enlarged  in  the  dorsoventral 

direnticm  (see  Fig.  244).     Moreover,  as  the  rib  moves  upward  the ^"^ 
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an  obvious  enlargement  of  the  cheBt  in  the  lateral  diameter. 
*his  result  may  he  referred  to  two  causes:  In  the  first  i>l!U'e,  the 
txis  of  the  nitation  of  the  ril^s, — that  is,  the  line  joining  the  head 
id  tiie  tulwrcie  of  the  rih  is  inclinwl  downward  so  thut  (heptane 
\oi  rotation,  wliich  is,  of  course,  at  right  angles  to  t!iis  axis,  will  ho 
'inclined  outward.  As  the  ril)  is  movetl  upward^  theref(>re,  it  must 
Mn  move  outward.  Secondly  the  earl  ilapnous  ends  of  the  ribs  are 
pxed  at  the  sternum  so  thatiiw  they  move  upward  and  outward 
jlhey  wiH  be  twisted  or  ever('(*d  somewhat  in  the  middle,  with  a 
'lorsion  nf  the  cartilaginous  ends. 

1  The  Muscles  of  Inspiration. — In  ad<Htion  to  the  diaphragm, 
$}]  muscles  attacheii  to  the  thorax  whose  contraction  causes  an 
elevation  of  the  ribs  must  l>e  classed  as  inspirator)^  ruiscles.  In 
regard  to  this  latter  group  the  action  of  some  of  them  is  either 
evident  from  their  anatomical  attachments,  or  the  musfles  may  l>e 
stimulated  directly  and  the  effect  of  their  contraction  l>e  note<l.  In 
other  cases,  liowever.  it  is  ne**essary  to  make  use  of  the  method 
Srst  suggeste<I  by  Newell  Martin, — namely,  the  deteniiimilion 
whether  the  contraction  of  tlie  muscle  in  respiriition  ocfurs  simul- 
taneously with  that  of  the  <liaphragm  or  alternately  with  it.  In  the 
former  case  it  Ls  inspirat<ir\'.  in  tlic  IjUter  expindoPr'.  The  following 
ViUBcles  may  lie  classed  :us  inspiratory:  Lemtore  castaruin.  They 
^rise  from  the  transverse  processes  of  the  seventh  cervical  and  first  to 
•eleventh  thoracic  vertebra*  and  are  inserted  into  the  next  rib  or  the 
aecond  rib  l>elow.  I nlercoslaks  exlerni  jouscles.  They  lie  in  the  inter- 
eostal  spaces  extending  from  the  lower  edge  of  one  ril»  to  the  upjjer 
erige  of  the  rib  below;  they  slant  downward  and  toward  the  mi 1 1-line, 
Tlieee  muscles  have  been  assigned  different  functions  by  different 
authors,  but  the  experiments  made  by  Hough,*  using  the  method 
iOf  Martin  descril>ed  above,  show  that  they  are  inspiratory.  It 
*ir»B  found  tliat  in  the  dog  they  contract  synchronously  with  the 
diaphragm.  The  siune  authors  find  timt  the  intercartilaginous 
portions  of  the  mtemal  intercostals  are  also  inspiratory.  The 
l$caleni — anterior,  medius,  and  jxisterior — arise  from  the  transverse 
^tyrooeases  of  the  cervical  vertebra?  and  are  inserted  into  the  first  and 
^iecond  ribs.  M.  gUTW>-cl4'uh>-masiouteus  extends  fmm  the  miistoid 
jiroceas  to  the  sternum  and  sternal  extrejuity  of  the  clavicle.  M. 
peetortdts  minor  ext«mds  fnmi  the  coracoiil  procej«  of  the  scapula 
to  the  anterior  surface  of  the  second  to  the  fifth  rib.  M.  serratus 
ptintictui  jtujurior  extends  front  the  spinous  processes  of  the  lower 
'Cer\'icjil  an<l  upper  dorsal  vertchnc  to  the  second  to  fifth  rib. 

The  Muscles  of  Expiration. — Expiration — that  is,  diminution 


•  Hough.    "Stuiliert    from     the   Hwilopiral    Laboratnn,',    John     Hopkins 
Uni^•e^Kitv/*  5,   01,    1803,   and  Kerfccmlal  and  Bergman/ "Skandmavischeii 
fMv  f.'Pliy^iologie,"  7,  178,  1806. 
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in  size  of  the  thorax — may  also  be  produced  in  two  wa>'s:  Fust, 
by  forcing  the  diujthragm  farther  into  the  thoraeie  ca\ity.  This 
result  Ls  f)hlaine<l,  not  by  any  ilire<'t  action  of  the  diuphni^m,  but 
by  ciiiUractiiig  the  nmscular  walls  of  the  abtionjen,  the  external  anii 
internal  oblique,  tlie  rectus,  and  the  transvereus.  The  contraction 
of  these  muscles,  wliieh  form  what  has  been  called  the  abdominal 
press,  raises  the  pressure  in  the  abdomen  and  tliis,  acting  upon  the 
under  surface  of  the  diaphragm,  forces  it  up  into  the  thorax.  pn> 
vifleil  the  glottis  is  open.  If  the  glottis  is  kept  closed  fimily  the 
increased  ubdonunal  pressure  is  felt  mainly  uj3on  the  pelvic  organ?, 
and  this  effert  is  observetl  in  micturition,  defecation,  and  parturition. 
Second,  hy  depress^ing  the  ribs.  The  muscles  which  may  be  sup- 
posed to  exert  this  action  are  as  follows:  M.  intrrroAtahs  intrmi. 
The  expiratory  action  of  these  muscles,  so  far  as  the  inten«ae<iufl 
portion  is  concerned,  was  first  deiinitely  shown  by  Martin,  v\w 
proved  that  when  they  contract  they  act  alternately  with  the  dia- 
phragm.* M .  trian*f  til  art's  sierni  or  the  w.  transnrsus  thoracis  is  fouiid 
on  the  interior  of  the  thomx  on  the  anterior  wall.  Its  fibers  puB 
from  the  sternum,  rumiing  upward  and  outward,  to  be  insertwi  into 
the  tliini  to  sixth  rib.  The  expiratory  action  of  this  muscle  ^-afi 
demonstrated  by  Hough  acconling  to  the  method  of  Martin.  Af. 
Uiocostaiis  lumhvTufii.  The  anatomical  attachment*  of  this  niu?cie 
are  such  as  would  enable  it  to  depress  the  ribs;  but  its  functional 
activity  in  ex-piration  has  not  l>een  demonstrated.  The  m.^cTrniua 
posticus  inferior  and  m.  quadratutt  Inmborum  are  l>oth  placed 
anatomically,  especially  the  fi inner,  so  that  their  contractions 
serve  to  depreas  the  ribs.  It  has  been  suggested,  however,  that 
they  may  act  in  forced  inspirations  so  as  to  antagonize  the  ten- 
dency  of  the  diaphragm  to  pull  the  lower  ribs  in^rard.  Whether 
they  really  act  with  the  diaphragm  or  alternately  with  it  cad  only 
determined  by  actual  e\i>eriment. 

Quiet   and   Forced   Respiratory  Movements;    Eupnea  and 
Dyspnea. — Our  respiratory*  movements  var>*  nmch  in  amphtude, 
an<l  the  muscles  actually  involved  differ  naturally  with  the  exten 
of  the  movement.     In  general,  we  distinguish  two  different  forms  o 
breathing    movements.     The    firdinar>'    qiuet    respirations,    mad 
without  obvious  effort,  form  a  condition  of  respiration  designated' 
as  eupnea.     Difficult  or  labored  breathing  is  known  a£  dyspn 
It  is  impossible  to  draw  a  sharp  line  between  the  two.    There 
many  tlegrees  of  dyspnea,  and  doubtless  in  quiet  breathing  tb*] 
amplitude  of  the  movements  may  vary  considerably  Ijefore  tJi 
become  distinctly  dyspneic.     In  all  cfynditions  of  eupnea  the  chi 
point  to  bear  in  n^ind  i.s  that  the  expiration  is  entirely  pa^ve. 
♦Martin  aud  Hart  well,  "Journal  of  Physiology,"  2,  24.  1S79 
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'he  iiisijiration  in  man  is  made  by  the  'liaphragm  alone  or  by  the 
diaphragm  together  with  some  action  of  tlie  ievatores  costanuii  and 
the  external  intercostals.  At  the  end  of  the  inspiration  the  ribs  and 
^liiiphragm  are  brought  back  to  the  normal  jxisition  by  purely 
^yaoal  forces. — the  elasticity  of  the  distended  aWominal  wall, 
the  elasticity  of  the  expantled  lunga.  the  weight  and  torsion  of 
the  ril>8,  etc.  As  soon  as  the  breatlung  movements  become  at  all 
forced  the  action  of  the  alwve-named  inspiratory  muscles  is  in- 
rreafled  in  intensitVp  and  the  other  inspirators^  muscles,  all  elevators 
of  the  ribs,  come  into  play,  tjuiet  breathing  in  man  at  least  is 
mainly  <iuipliragmatir;  or  abdominal,  while  dyspneic  breathing  is 
characterized  by  a  greater  action  of  the  elevators  of  the  ribs. 
When  dyspnea  reaches  a  certain  stage  the  expiration  also  becomes 
Active  or  forcetl.  The  expiraton'  act  is  hastened  by  a  contraction 
of  the  abtiominal  muscles  or  of  the  depressors  of  the  riljs,  and 
indecti  the  artirm  of  these  muscles  may  compress  the  chest  Ixiyond 
its  normal  position,  so  that  the  expiration  is  followed  by  a  passive 
inspiration  which  brings  the  chest  to  Its  norinal  jKtsItion  l>efore  the 
next  active  in-spirtition  begins. 

Costal  and  Abdominal  Types  of  Respiration. ^These  two 
tj'pea  of  respiration  art;  hastnl  upon  the  chunictcr  of  the  inspiratory 
movement.  An  insf)inition  in  which  the  movement  of  the  abdomen, 
due  to  contraction  of  the  diaphmgiu,  is  the  chief  or  only  feature 
lielongs  to  the  alxlomitml  type.  An  inspiration  in  which  the  cleva- 
jtion  of  the  ribs  is  a  noticeable  factor  belongs  to  the  costal  type, 
^Hutchinson,  who  intro4luced  this  nomenclature,*  laid  emphasis 
chiefly  upon  the  f)rdcr  of  the  movements.  In  the  alxlorninal 
t>-pe  the  abdomen  bulges  outward  first,  and  this  is  followed  by 
a  movement  of  the  thorax;  the  movement  spreads  from  the 
Abdomen  to  the  thorax,  and,  *'  like  a  wave,  is  lost  over  the  thoracic 
ftcgiGn."  In  costal  breathing  the  upper  ribs  move  first  and  the 
'abdomen  second.  The  terriLs  are  meant  to  apply  chiefly  to  human 
lespiration  and  have  aroused  interest  in  connection  with  the 
fact  that  in  quiet  breathing  in  the  erect  posture  the  respiration 
of  man  belongs  to  th(i  abdonunal  type  and  that  of  wonian  to  the 
costal  tM^e.  It  has  been  a  question  whether  this  difference  is  a 
genuine  sexual  distinction  or  de|x?nds  simply  ujxjn  differences 
in  dress.  Hutchins^m  inclincfl  to  the  view  that  it  fonns  what  we 
ihould  call  a  seoondar>'  sexual  charact^'ri.stic,  and  that  its  physio- 
logical value  for  woman  lies  in  the  fact  that  provision  is  thus  made, 
as  it  were,  against  the  period  of  pregnancy.  He  states  that  in 
twenty-four  young  girls  examined  l)etween  the  ages  of  eleven  and 
fourteen  the  costal  tyjx*  was  present,  although  none  of  them  liad 

•See  Hut^^hinson.  artirle  on  **T>iorax,"  Todd '»" Cyclopedia  of  .\u«t« 
omf  and  PhyBiolog:>', "  1840. 
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worn  tight  dress.  Later  ohsen'ers,  however  (Maya,  Kcltogg,  aud 
others),  state  that  Indian  and  Chinese  women  who  have  not  worn 
tight  dress  exhihifc  the  abdominal  typo,  and  the  some  statement  is 
made  regarding  civilized  white  women  who  habitually  wear  Iixiee 
clothing.  It  wouhl  appear,  therefore,  tliat  the  assumption  of  the 
costal  type  by  women  in  general  is  due  to  the  hindrance  offered  by 
the  clothing  to  the  movements  of  the  abdomen.  From  an  exami- 
nation of  four  hundred  and  seven  cases  Fitz*  conchides  that  whcD 
the  restricting  effect  of  dress  is  removed  there  is  Httle  or  no  differ- 
ence in  the  tyj^e  of  respiration  in  the  two  sexes.  The  natural  type 
is  one  in  which  "  the  movement  is  fairly  equally  bahinced  between 
chest  and  ab<.lomen,  the  abdominal  being  somewhat  in  exceaa." 
Wlien  the  respiration  becomes  dyspneic  it  takes  on  a  distincUy 
costal  type,  ami  Fitz  and  others  have  shown  that  for  an  etjual  in- 
crease in  girth  the  thoracic  movements  cause  a  greater  enlargement 
of  the  kings. 

Accessory  Respiratory  Movements. — In  addition  to  themuft- 
cles  whose  action  directly  enlarges  or  diminishes  the  capacity  of  the 
thorax  certain  other  muscles  connccte<l  with  the  air  passages  con- 
tract rhythmically  with  the  inspirations,  and  may  be  designatetl 
properly  as  accessor}'  muscles  of  inspiration.  The  muscles  et- 
pocially  concerned  are  those  controlling  the  size  of  the  glottis  nad 
the  ijpcniiig  of  the  external  nares.  At  each  inspiration  the  elevAlotB 
of  tliL'  win^H  of  tlie  nose  come  into  play.  This  movement  occurs  Id 
normal  breathing  in  many  animals,  such  as  the  rabbit  and  horse, 
and  in  some  men,  while  in  dyspneic  breathing  it  is  invariabi] 
present.  The  useful  residt  of  the  movement  is  to  reduce  tlie 
tance  to  the  inflow  of  air.  So  in  iiuiny  aninuils  the  glottis  is  dilal 
at  each  inspiration  by  the  conlraction  of  the  post<;rior  crico-ai^i 
noid  muscles,  and  in  man  also  this  movement  Ls  evitlent  whi 
the  breathing  is  at  all  forced.  The  useful  result  in  tliis  case  also  i) 
a  reduction  in  the  resistance  offered  to  the  inflow  of  air. 

The  Registration  of  the  Rate  and  Amplitude  of  the  Respira-j 
tory  Movements. — Many  methods  are  employed  to  register  ll 
rate  or  amplitude  of  the  respiratory  movements.  Upon  man  tl 
amplitude  may  He  measured  directly  by  a  tape  placet!  at  differenl 
levels  to  ascertain  the  increase  in  girth,  or  it  may  be  recorded  by 
some  form  of  lever  or  tambour  applied  to  the  chest  or  abdomen, 
A  convenient  instrument  for  this  purpose  is  the  pneumograpl 
descril«d  by  Marey,  which  Ls  illustrated  and  described  in  Fig.  245j 
In  animal  exjierimentation  the  various  methods  that  are  employe 
may  be  classified  under  four  heads:  (I)  Methods  in  which  t] 
change  in  circumference  or  diameter  of  the  chest  or  abdomen  ifl' 
recorded.  (2)  Methods  in  wliich  the  change  of  pressure  in  the  air 
*  Fitx,  "  Jounm]  of  Experimental  Medicine,"  1,  1896. 
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;es  is  recorded.     In  these  methods  a  tube  may  be  inserted  into 

me  of  the  nostrils  for  instance,  and  then  connerted  to  a  tambour  the 

!ver  of  wliich  makes  its  record  on  a  kymographion,  or  if  the  animal 

ifi  tracheolomized  a  side  tube  upon  the  trachea!  cannula  may  be 

'connected  to  a  tambour.    This  method  indicates  well  the  rate  of 

movement  and  the  relative  amplitude,  but  has  the  defect  that  it 


-Ficuro  of    Marry*')   nneiimffffrniih. 


(Vfrdin.)  The  tnstrutoent  eooiiaU  of 
mounled  on  »  Arxiblo  luftal  pkte  <p).  By  me«iu  of  the  buida  e  and  « 
u  tied  to  the  chest.  Any  Increase  or  decresM  to  tlw  aiae  of  the  ebest  wiU 
tb«  tambour  by  the  Irwr  nrroncement  fibnwn  in  the  figun>.  These  obanse*  in 
tAinbour  ure  Irnnnnittetl  1lin>uf(:h  the  lube  r  as  preamini  ohanices  in  the  coniainod  air 
aaoood  tambour  (not  shown  in  the  tigurr)  which  records  tbem  upon  a  vnoked  dnim. 


does  not  record  the  pause,  if  any,  at  the  end  of  inspiration  or  ex- 
piration. A  modifiL'alion  of  this  methiid  that  |jemiits  an  accurate 
record  of  the  amjilitinleand  diiratum  <jf  the  movemonls  consists  in 
connecting  the  trachea  or  n(>8tril8  with  a  large  bottle  of  air.  The 
animal  breathes  into  and  out  of  the  bottle,  and  the  corresponding 


FUf.  2-4fi.^-rurve  of  normal  rvflp)rat«iry  movement«. — (Siarey.)  Cur\'e  A,  TuO  lioe. 
McnlA  ibe  mnwm^nta  wh«i  the  re«pin&lion  is  rntlrrly  nnrmal.  Dowtifttrok^.  inxpir*- 
;ilpelrokc,  expiraiion.  OurveO.  dotted  line,  rcpre.-tents  the  increaaad  ampUlmle  of  the 
slicht  dyspnea,  eaufted  by  hreathinK  throufth  a  narrow  tube. 


Variations  in  pressure  are  recorded  by  a  tambour  also  connected 
with  the  interior  of  the  bottle.  (3)  Methods  in  which  the  change 
of  pressure  in  the  thoracic  cavity  is  recorded.  This  end  may  be 
jeached  by  inserting  a  cannula  into  the  thoracic  wall  so  that  its 
opening  lies  in  the  pleural  cavity,  or,  more  simply,  a  catheter  or 
sound  connected  at  the  other  end  to  a  tambour  may  be  passed  down 


600 


PHYSIOLOGY  OF  RESPIRATION. 


a- 


the  esophagus  until  its  end  lies  in  the  intrathoracic  portion. 
Variations  in  pressure  in  the  mediastinal  space  synchronous  with 
the  respiratory  movenienLs  affect  (he  esophagus  and  through  it 
the  sound.  (4)  Methods  in  whicli  the  movements  of  the  dia- 
pliragm  are  recorded  either  by  a  tambour  or  lever  thrust  hetween 
the  diaphni^m  and  liver,  or  by  hooks  attached  <lirect!y  to  muscular 
slips  of  the  diaphrajjm.     Registration  of  the  movements  in  mnn 

during  (piict  breathing  give  us  such  a 
record  as  is  seen  in  Fig.  246.  It  urill 
l>e  seen  tJiat  the  inspiration  (deswnd- 
ing  limb)  is  followed  at  once  by  an 
expiration,  as  we  should  expect, 
since,  as  soon  as  the  inspiratoiy 
muscles  cease  to  act,  the  physical 
factors  mentioned  above  at  once  tend 
to  bring  the  chest  back  t-o  its  nomml 
position.  The  expiration  (ascending 
limb)  is  at  first  rapid  and  toward  the 
end  very  gradual,  so  that  there  is  al- 
most a  condition  of  rest, — an  expii»- 
lory  pause. 

The  Volumes  of  Air  Respired 
and  the  Capacity  of  the  Lungs.— 
The  volunie  of  air  respired  varies,  of 
course,  with  the  extent  of  the  move- 
ments and  the  size  of  the  individual. 
This    volume    may    l>e    detennined 
readily  in  any  given  case  by  mcaw 
of  a  spirometer, — ^a  form  of  gasometer 
adapted  to  this  purpose.     The  con- 
struction of  this  apparatus  Ls  repre- 
sented in  Fig.  247.     It  consists  of  a 
graduated  cylinder  (A)  and  a  receiver 
(B)  filled  with  water.     The  cylinder 
A  is  counteri)alanceil  by  a  weight  ig) 
so  as  to  move  up  and  down  in  the 
water  of  B  with  the  least  ))0ssilile  re- 
sistance-   The  tube  C  passes  through 
the  wall  of  B  and  ends  in  the  interior  of  A  above  the  level  of  ^^ 
water.     The  free  end  of  this  tul>e  is  connecte<l  with  the  mo^i 
or  nose.     When  one  breathes  through  this  tul>e  the  expired    **^' 
passes  into  A,  which  rises  from  the  water  to  receive  it.     If  -'^  ^ 
graduated   the  amount  of  air  breathed   out    may  l>e  measi*^^ 
directly.      The   following    tenns   are   used:    VUal  capacity.      ^^ 
vital  capacity  is  meant  the  quantity  of  air  that  can  be  breftt*^^^®^ 


d 


fig.    247.— Winttich'p     moilili- 
Ctttian  uf  Hutchioitoii'ij    sTtiratntrtrr. 
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Out  by  the  deepest  potusiLle  expiration  afl^er  making  the  deepest 
possible  inspiration.  It  gives  a  rough  niea.surc  of  hing  ea]>u('ity, 
bnd  is  used  in  gviniiasiunis  and  jjhysical  examinations  for  tiiis  pur- 
pose. The  actual  amount  varies  with  the  iiidivitlual;  au  average 
figure  for  the  adidt  man  is  3700  c.c,  Ti*Ud  air.  By  this  term  is 
'meant  the  amount  of  air  breathed  out  in  a  nonnal  quiet  expiration. 
!A  similar  amount  is  l)reathed  in,  of  ecjurs**,  in  the  previous  iu>i|)ira- 
tion.  an<l  the  tenn  tidal  air  designates  the  amount  of  air  that  Hows 
in  and  out  of  the  lungs  with  each  quiet  rt^spinUxirj'  movement. 
Here,  again,  there  are  individual  variations.  The  average  figure 
for  the  adult  man  is  500  c.c.  Th^^  complement^  air.  This  term 
designates  the  amount  f>f  air  that  can  be  breiithed  in  over  and  alwtve 
the  tidal  air  by  the  deepf^st  possible  inspiration.  It  is  estinial^d 
At  16fK)  c.c.  The  supjdcmmtal  air.  Hy  this  tenn  is  meant  the 
Amount  of  air  that  can  be  breathed  out,  after  a  quiet  expiration,  by 
the  most  forcible  expiration.  It  is  wpial  also  to  I6(X)  c.r.  It  is 
evident  that  the  complcinentnl  air  plus  the  supplemental  air  plu.s 
the  tidal  air  constitute  the  vitjil  ca[jacity.  Thr  rrstdital  air.  After 
the  most  forcible  expiration  the  lungs  are  far  from  being  entirely 
oollapsed.  The  vohime  of  air  that  remains  i>ehind.  after  the  sui>- 
plenientnl  air  has  been  driven  out,  is  known  as  the  residua!  air. 
The  amount  of  this  air  has  been  estimated  directly  on  the  cadaver 
(Hermann).  The  thorax  was  first  prease<i  into  a  position  of  forced 
expiration :  the  trachea  was  then  ligated,  the  chest  oi>enetlj  the  lungs 
reraovetl  and  their  volume  estimated  by  the  amount  of  water  dis- 
H^lfM^eil  when  they  were  inunersed.  The  average  result  from  .«uch 
Rlimations  was,  in  round  niunlx^rs,  1(MX>  c.c.  Under  conditionn  of 
normal  breathing  the  resen-'e  supply  of  air  in  the  lungs  is  equal  to 
the  residual  air  plus  the  suppleitiental  air, — that  ia,2fi<J0  c.c.  Mini' 
mnl  air.  When  the  thonix  is  opened  the  lungs  col]aj>se.  driving  out 
the  supplemental  an*l  residual  air,  but  not  quite  comfjletely,  Befi)re 
the  air  cells  are  entirely  emptied  the  small  bronchi  leading  to  them 
coilapae  and  their  walls  adhere  with  sufHcient  force  to  entrap  a  little 
jiur  in  the  alveoli.  It  is  on  this  account  that  the  excised  lungs  float 
in  water  and  are  designateti  as  lights  by  the  butcher.  The  small 
amount  of  air  caught  in  this  way  is  designated  as  the  minimal  air. 
In  the  fetus  before  l>irth  the  lungs  are  entirely  aolid,  but  after 
birth,  if  respirations  are  made,  the  lungs  do  not  collapse  completely 
on  account  of  the  capture  of  the  minimal  air.  Whether  or  not  the 
lungs  w411  float  has  coastituted.  therefore,  one  of  the  fat-ts  used  in 
niedicolegal  cases  to  determine  if  a  child  was  stillborn.  The  lungs 
during  life  may,  umler  certain  conditions,  again  Ijecome  in  {rnrts 
entirely  solid.  If  any  of  the  alveoli  become  completely  shut  off 
from  the  trachea,  by  an  accident  or  by  pathological  conditions,  the 
,Air  caught  in  them  may  )»e  completely  absorbed,  after  a  certain 
'interval,    by    the    circulating    blood. 
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The  Size  of  the  Bronchial  Tree  and  the  Ventilation  of  the 
Lungs. — Since  the  reserve  supply  of  nir  in  the  lungs  niav  amount  to 
2600  C.C..  while  the  new  air  breathed  in  at  each  inspiration  amouma 
to  only  50t>  c.c,  it  would  .seem  at  first  that-  the  alveolar  air  isnni 
very  efficiently  renewed  by  a  quiet  inspiration.  The  actual  amount 
of  ventilation  effected  depends  on  the  capacity  of  the  bronchial 
tree,  sometimes  known  as  the  "dead  space"  of  the  lunps.  since 
the  air  fillii]^  this  space  is  not  useful  in  the  respirator)'  procoieer 
According  to  observations  founded  partly  on  measui^emcnu:  of 
casta  of  the  tree  and  partly  upon  physiological  determinations 
made  by  brr.tithing  air  poor  in  oxygen,  it  would  seem  that  thi? 
volume  may  l>c  reckoned  at  140  c.c.*  At  each  inspinition.  thtre- 
fore,  [U  least  H60  c.c.  of  air  penetrate  into  the  alveoli,  and  if  evenly 
disseminated  through  the  lungs  a<ld  al>out  ^  to  the  volume  of 
each  alveolus.  Once  in  the  alveoli,  diffusion  must  tend  to  spread 
the  tidal  air  rapidly,  and  that  this  occurs  is  shown  by  an  interesting: 
experiment  performed  by  Grdhant.  He  breathed  in  500  r.f-  ff  j 
hydrogen  instead  of  air  and  then  examined  the  amounts  of  hj'-  fl 
drogen  breathed  out  in  successive  expirations.  Only  IVO  c.c.  ^ 
were  recovered  in  the  first  expiration,  180  c.c.  in  the  second,  41  in 
the  thiril,  and  ^U)  in  the  fourth. 

Artificial  Respiration. -=In  laboratory  experiments  artificial 
respiration  is  employee!  frequently  after  the  use  of  curare ;   when  it  is 
necessary  to  ojien  the  chest:  after  cessation  of  respirations  from 
overdoses  of  chloroform  or  ether,  etc.    The  method  used  in  almost 
all  cases  is  the  reverse  of  the  normal  procedure, — that  is,  the  lungs 
are  expanded  by  |X)sitive  pressure  (pressure  in  excess  of  atmos- 
pheric).   A  bellows  or  blast  worke<i  by  hand  or  machinery  is  con- 
nected with  the  trachea  and  the  lungs  are  dilated  by  rhythmical 
strokes.     Pro\ision  is  made  for  the  escape  of  expired  air  by  the  use 
of  valves  or  by  a  side  hole  in  the  tracheal  cannula.    Numerova^ 
forms  of  respiration  pumps  hare  been  devised  for  this  purpose.       " 

In  cases  of  suspended  respiration  in  human  beings  from  down- 
ing, electrical  shocks,  pressure  upon  the  medulla,  etc.,  it  is  necessary™ 
to  use  artificial  respiration  in  order  to  restore  normal  breathJng.M 
Bellows  ordinarily  cannot  \ye  used  in  such  cases.  Some  method 
must  be  employed  to  expand  and  contract  the  chest  alternately,  and 
several  different  ways  have  been  devised.  The  Marshall  Hall 
method  consists  in  placing  the  subject  face  down  and  rolling  the 
body  from  this  to  a  lateral  jwsition,  making  some  pressure  u[x»n  the 
back  while  in  the  prone  position.  The  Sylvester  method,  wliich  iB\ 
frequently  used,  consists  in  raising  the  arms  above  the  head  am 
then  bringing  them  down  against  the  sides  of  the  chest  so  as 
compress  the  latter.  The  Howard  methori  consists  in  simply  coi 
*  See  I.rf>ewy,  "  Archiv  f,  die  geftammte  Phj-siologie, "  58,  41rt. 
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pressing  the  lower  part  of  the  thosi  while  ihesuhjeot  is  in  a  supine 
position.  Schaefer.  who  has  recently  compiirecl  thew  clifTei*ent 
methods,  sugjatests  one  of  his  own,  which  seems  to  }>e effective,  saves 
labor,  and  is  less  injtirioiis  to  the  siihject.*  He  (iescril>es  it  na  fol- 
lows: "It  consLst^s  in  laying  the  subject  in  the  prone  j>o.stiire, 
preferably  on  the  ground,  with  a  thick  folded  ganiient  undeniwuh 
the  chest  and  epigastrium.  The  operator  puts  himself  athwart  or 
at  the  side  of  the  subject,  facing  his  head  (sec  Fig.  248)  and  places 
his  hands  on  each  side  over  the  lower  piart  of  the  back  (lowest  ribs). 
He  then  slowly  throws  the  weight  of  his  ImkIv  forward  to  l>ear  upon 


348w — Shnwn  the  poeitinn    in    be  adoplH  for  effecting;  artifictml  raapirmtkm  in 
o(  drowning,  ^(^ArtJf/rr.) 


has  own  arms,  and  thus  presses  upon  the  thorax  of  the  subject  atid 
forces  air  out  of  the  lung.s.  This  being  effected,  he  gradually  re- 
laxes the  pressure  by  bringiiig  his  own  body  up  again  to  a  more 
erect  position,  but  without  moving  the  hands."  These  inoveiiients 
are  repeated  (piite  regularly  at  a  rate  (jf  twelve  to  fifteen  times  a 
minute  tmtil  normal  respiration  l>egiiis  or  the  possibility  of  its 
restoration  is  abandoned.  A  half-hour  or  more  may  be  required 
before  normal  breathing  movements  start. 

*Sch&efer,    "  Medico-ohinirgical  Transactions."   LDndon,  vol.   IxxxvU, 
1004. 
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In  considering  the  pressure  changes  in  respiration  the  distinction 
between  the  pressure  in  the  thorax  outside  the  lungs  and  the  pres- 
sure within  the  lungs  and  air  passages  must  be  kept  clearly  in  mind. 
The  pressure  in  the  thoracic  cavity  outside  the  lungs  may  be 
designated  as  the  intrathoracic  pressure;  it  is  the  pressure  exerted 
upon  the  heart,  great  blcKxl- 
vessels,  thoracic  duct,  esoplia- 
gus,  etc.  The  pressure  in  the 
interior  of  the  kings  and  air 
passages  may  be  designated  as 
intmpidmonic  pressure.  The 
relations  of  the  two  pressures 
with  reference  to  the  outside 
atmosphere  is  intlicated  sche- 
matically in  Fig.  249. 

The  Intrapulmonic  Pres- 
sure and  its  Variations. — ^The 
air  iMVSSjiges  and  the  alve(jli  of 
the  hings  are  in  free  coinnmni- 
cation  with  the  external  air; 
conse<:[Ucntly  in  everj"  position 
of  rest,  whether  at  the  end  of 
inspiration  or  expiration,  the 
pressure  in  these  cavities  is 
equal  to  that  of  the  atmos- 
phere outside.*  During  the  act 
of  inspiration,  however,  the  in- 
trajiuinioiiic  pressure  falls  tem- 
porarilj,  below  that  of  the  atmosphere, — that  is,  during  the  inRow  of 
air.  Tlie  extent  to  which  the  pressure  falls  depends  natumlly  upon 
the  rapidity  and  amplitude  of  the  inspiratori'  movement  and  upon 
the  size  of  the  ojieiiing  to  tlie  exterior.  The  narrowest  jK)rtion  of 
the  air  jwi-ssages  is  the  glottis;  consequently  the  variations  in  pres- 
sure below  this  point  are  probably  greater  than  in  the  pharj'nx  or 

•  Strictly  iipeaking,  a  correction  musl  be  nuuJc  for  the  aqueoua  tcnsiun 
in  tho  luniTR   (see  p.  628). 

G04 


Ff(.  340. — Diagram  to  Uliu>tnite  hnw 
the  praseure  of  Uie  air  ia  exerted  Uirouch 
tlir  lung  walU  upon  the  hoftrt  {H)  and  other 
iiFKaitn  in  the  ni«Hiin)«tinal  siwce.  _  The  pra»- 
purtt  nn  thetw  oilcans  (mtrfttbarmcic  praantra) 
u  equikl  U)  one  fttmobpbere  mbiUA  Uie  unoubt 
vt  the  oppoaitiB  praaKire  exertvJ  by  the  ex.- 
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nasal  cavities.     If  the  uir  passages  are  abnormally  constricted  at 
any  point  the  fali  of  pressure  tluring  inspiration  will  be  corresixjuil- 
ingly  niaguifieii  in  the  parts  Ik;1ow  tlie  constriction,  a*  happens,  for 
instance,  in  bronchial   astluiia,  edenia   of  the  glottis,  cold  in  the 
head,  etc.     Under  normal  conditions  the  fall  of  pressure  during  a 
quiet  inspiration  is  not  large.     Donders  ileterniined  it  in  man  by 
connecting  a  water  manometer  mth  one  nostril  and  found  that  it 
wase<{ual  to  — 0  or — 10  nuns,  water.     At  the  end  of  a.n  in.spinttii>n, 
if  there  Ls  a  pause,  the  pressure  within  the  liini^  again  rises,  of  course, 
to  atmospheric.     During  expiration,  im  the  other  iiand,  the  collapse 
of  the  chest  wall  Lakes  place  with  suflicient  rupit^hty  to  compress  the 
1  air  somewhat  rlurinf;  its  escape  and  cause  a  tenijiorary  rise  of  pres- 
I  sure.     In  normal  expiration  Donders  estimate^l  this  ri.se  as  eciual  to 
*  7  or  8  mms.  water.     The  intni|iulnionir  pressure  may  var\''  p^atly 
'  from  these  figures  in  the  po.Mitivc  or  negative  direction  according  to 
the  factf)rs  mentioned  afiove,  es(>ecially  the  intensity  of  the  respini- 
tor\'  movement  anrl  the  -size  of  the  opening  to  the  exterior.     The 
,  extreme  variations  are  obtained  when  the  opening  to  the  oulsiilc  is 
entirely  shut  oflF.    When  an  inspiration  or  an  expiration  is  made 
with  the  glottis  fimily  closed  the  pressure  in  the  lungs,  of  course, 
rises  and  falls  with  the  rarefaction  or  compression  of  the  contained 
jair.    A  strong  inspiration  under  such  conditions  may  lower  the 
1  pressure  by  30  to  SO  nuns,  of  mercuri',  while  a  strong  expiration 
raises  the  pressure  by  an  amount  equal  to  60  to  100  mms.  Hg.     In 
,  the  act  of  cougliJng  we  get  a  similar  result:   the  strong  spasmodic 
expirations  are  made  with  a  closed  glottis  and  consefjuently  cause  a 
(nariced  rise  in  the  intrapulmonic  pressure.    Such  great  variations 
;  in  presBure  have  a  marked  influence  on  the  heart  and  the  circula- 
tion, as  is  explained  l)elow. 

Intrathoracic  Pressure. — When  a  reference  is  made  to  the 
pressure  within  the  tliomx,  it  is  the  intrathoracic  pressure  that  is 
,  meant. — that  is,  the  pressure  in  the  pleural  cavity  and  mediastinal 
Spaces.    This  pressure,  under  normal  conditions,  is  always  negative, 
•—that  is,  is  always  less  than  one  atnu^phere.     The  reason  for  this 
flunply  that  the  lungs  are  distende<l  to  fill  the  thoracic  cavity,  ami 
quently  the  organs,  like  the  heart,  which  lie  in  this  cavity 
outside  the  lungs,  are  exposed  to  a  pressure  of  one  atmosphere, 
jninus  the  force  of  elastic  recoil  of  the  lungs  (see  Fig.  249).  The  heart 
-and  other  intrathoracic  organs  are  protected  from  the  direct  pres- 
•ure  of  the  air  by  the  thoracic  walls;   they  are  presse^l  upon,  how- 
ever, through  the  lungs,  but  naturally  the  atmospheric  pressure  is 
reduced  by  an  amount  e<]ual  to  the  elastic  force  of  the  distended 
^tungs.     Intrathoracic  pressure,  in  fact,  may  be  defined  as  intra- 
pulmonic pressure  minus  the  elastic  pull  of  the  lungs,  and  since 
'tuuler  usual  coniUtions  the  intrapuhnonic  pressure  is  equal  to  that 
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of  the  atmosphere,  the  intrathoracic  pressure  is  less  rlian  on 
atmosphere  by  an  amount  e<|ual  to  the  recoil  of  the  lungs.  The 
negative  pressure  in  the  thorax  is,  therefore,  etjual  t^»  the  elastic 
force  of  the  lungs,  and  is  larger  the  more  the  lungs  are  put  upon 
a  stretch, — that  is,  the  deeper  the  inspiration.  The  amount  of  Oiis 
negative  pressure  has  been  measured  upon  both  animals  and  men 
by  two  methods:  First  by  Donder's  method  of  attaching  a  manom- 
eter to  the  trachea  and  then  opening  the  thoracic  walls  so  as  to 
allow*  the  atmosphere  to  press  upon  the  exterior  face  of  the  lungi 
In  this  way  the  elastic  force  of  the  lungs  is  determined,  and, « 
explained  above,  this  is  equivalent  to  the  negative  pressure.  Second. 
by  thrusting  a  trocar  through  the  thoracic  wail  so  that  it*  open  end 
may  lie  in  the  j)Ieural  or  mediastinal  cavity,  the  other  end  Iteii^i 
appropriately  connected  witli  a  manometer.  The  older  oltservers 
(Hutchinson)  also  made  experiments  upon  freshly  excised  human 
lungs*  detenninJng  their  elastic  force  when  distended  by  known 
amounts  of  air.  The  figures  obtained  by  these  different  methods 
have  shown  some  variations,  but  the  following  quotations  give 
an  idea  of  the  average  extent  of  tliis  negative  pressure.  Heynsius,* 
making  use  of  the  figures  obtained  by  Hutchinson,  estimates  th&t 
in  man  the  negative  pressure  in  the  thorax  at  the  end  of  expiration 
is  ^4.5  inms.  Hg,  while  ;U  the  end  of  an  inspiration  it  is  equal  to 
— 7.5  mms.  Hg, — a  variation  during  respiration,  therefore,  of  3 nuns. 
Hg.  That  is,  assuming  that  the  atmospheric  pressure  is  760  mna. 
Hg,  the  conditions  of  pressure  in  the  thorax  and  lungs  at  the  end  of 
inspiration  and  expiration  are  as  follows: 


At  tb>  End  or  iNSPinATioN. 
Intrapulmonic  pres^sure. .   TfiO    mnvs.  Hg. 
lutrathoracic  pressure.  .  .  .752.5    *'      *^ 


At  tss  E.HO  or  ExraunoN. 
760     mma  Hg. 
756.5     *•       '^ 


Aron  gives  results  obtained  from  a  healthy  man  in  whom  ii  cio- 
nula  was  connected  directly  with  the  pleural  cavity. t  From  36 
detenui nations  he  obtained  the  average  result  that  at  the  pJiJ  **^ 
quiet  irtspiration  the  negative  pressure  is ^4.54  mms.  Hg  nnd  a^ 
the  end  of  expiration  —3.02  mms.  Hg — results  considerftbiyj 
lower  than  those  estimated  by  Heynsius.  It  should  be  boi 
in  mind,  however,  that  these  values  depend  upon  the  condit^* 
of  expansion  of  the  chest. — that  is,  the  position  of  the  hotly 
the  doi>th  f>f  inspiration.  On  dogs  Heynsius  reports  ah  follo^ 
At  end  of  inspiration,  —9.4  mms.  Hg;  end  of  expiration. — '^9  i^^ 
Hg.    On  rabbits, — 4.5  mms.  and — 2.5  mms.  Hg. 

Variations  of  Intrathoracic  Pressure  with  Forced  and  UnU^'' 
Respirations. — After  the  most  forcible  exfnration,  when  the 

♦  "Arrbiv  f.  die  K©samint€  Physioloeie,"  29,  26.5,  ISS2. 

t  Amn.  quoted  from  El3ier«on,  "Johns  Hopkins  Hospital  Reportf. 
194,  1903. 
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are  open,  the  intrathoracic  pressure  is  still  negative  by  a 
I  amount,  since  the  lungs  are  still  eximmJetl  l^eyond  what 
might  \ie  called  their  normal  tdze, — that  is,  their  size  when  the  jjres- 
sure  inaitle  and  outside  is  the  same.     If,  h<jwever.  a  forced  ex[)ira- 
tiuu  is  made  with  the  glottis  closed,  as  in  the  straining  niovenientjs 
of  defecation,  parturition,  etc.,  then  naturally  the  intrathoracic 
Lpreasure  rises  with  the  intrapiilmonar>'  pressure.    The  incre^iscd 
I  proasure  f rom  the  compressed  air  in  the  lungs  is  felt  u{)ou  the  organs 
in  the  mediastinal  spaces.     The  large  veins  especially  are  affected, 
and  the  flow  in  them  is  partially  blocked,  as  is  shown  t>y  the  swelling 
I  of  the  veins  in  the  neck  outsliie  the  tliorax.    Tiie  maintenance  of 
I  such  conditions  for  a  considerable  period  may  seriously  affect  the 
circidation.     The  same  general  effect  is  obtained  also  in  attacks  of 
coughing,   the  \'iolent  spasmodic  exf>inilion.s  with  closed  glottis 
causing  a  visible  venous  congestion  in  the  head  from  the  obstruction 
to  the  venous  flow  into  the  heart.     Forcible  inspirations,  on  the 
other  hand,  lower  the  intrathomric  pressure — that  Ls,  increase  the 
negativity— whether  the  glottis  is  open  or  closed.     When  the  glottis 
IS  freely  open  and  a  deep  inspiration  is  made  the  intrathoracic 
presfaire  may  fall  as  much  as  30  mms.  Hg,— that  is,  l>ecome  e<]ual 
to  730  mms.    The  lungs  being  much  more  expande<l  exert  a  corre- 
Bpondingly  greater  ehistic  force.      If  the  glottLs  is  closed  during  a 
deep  ia'^piration  then  there  is  little  actual  expansion  of  the  lungs, 
but  the  intrapulmonary  pressure  falls  from  the  rarefaction  of  the  air 
in  the  lungs,  and  the  intrathoracic  pressure,  of  course,  falls  with  it. 
The  Origin  of  the  Negative  Pressure  in  the  Thorax. — As  is  evi- 
dent from  the  alxive  explanation,  the  fact  that  the  pressure  in  the 
thorax  is  less  than  one  atmosphere  is  due  in  the  long  run  to  the 
circumstance  that  the  lungs  are  smaller  than  the  thoracic  cavity 
which  they  occupy.     In  the  fetus  the  lungs  are  solid,  and  completely 
fill  the  thoracic  caNity,  except  for  the  ]>art  occupied  by  the  other 
organs.     It  has  lieen  a  question  whether  afl^r  birth  the  size  of  the 
\  thoracic  ca\ity  b  suddenly  and  permanently  increased  by  the  first 
I  inspiraton'  movements,  and  a  negative  intrathoracic  pressing  thus 
I  produced  at  once.    The  careful  experinients  of  Hermann*  seem  to 
'  Lave  settlefl   this  point.     He  proved   that   newIy-l>oni  children 
Ix^tween  the  fir-st  and  the  fourth  day,  show  no  measurable  negative 
pressure  in  the  thorax,  anrl  at  the  eighth  day  the  pressure  in  the 
j  thoracic  cavity  is  less  than  atmospheric  by  an  amoimt  equal  to  only 
|,  — (1.4  mm,  Hg.    The  negative  pressure  as  we  find  it  in  the  adult  is 
evidently  develofjed  gradually,  and  is  due  to  the  fact  that  the 
thorax  increases  in  size  more  rapidly  and  to  a  greater  extent  than 
the  lungs,  bo  timt  to  fill  the  cavity  the  lungs  l^ecome  more  and  more 
I  expanded.     It  follows,  also,  from  these  f&cis,  that  the  new-bom 
•  Herrauin,  "  Archiv  f.  d.  gcsomniie  Phypiologic, "  30, 276, 1883. 
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child  has  practicall}-  no  reserve  supply  of  air  in  the  lungs;  at  each 
expiration  the  lungs  are  entirely  emptied  (except  for  the  minimal 
air).  The  ventilation  of  the  lung  alveoli  is  correspondingly  more 
perfect  than  lit  older  persons. 

Pneumothorax . — When  the  pleural  cavity  on  either  side  is  opened 
by  any  means  air  enters  and  causes  a  greater  or  less  shrinkage  of 
the  corresponding  lung.  This  condition  of  air  v^ithin  the  pleural 
cavity  is  designated  as  pneiunothonix.  It  is  e\iiient  that  aii  may 
enter  tJie  pleural  cavity  in  one  of  two  general  wa>^;  By  a  puncture 
of  the  parietiil  j>leura  such  as  may  lie  inade  by  gimshot  or  «tob 
wounds  in  the  chest,  or  by  a  puncture  of  the  visceral  pleura,  such  u 
may  occur,  for  example,  by  tlie  rupture  of  a  tul>ercle  in  pulmonar)' 
tuberculosis,  the  air  in  tliis  case  entering  from  the  alveoli  of  the 
lungs.  From  the  physical  conditions  uivolved  it  is  e\ideni 
that  if  the  oi>ening  into  the  pleural  cavity  is  kept  patent  then  the 
lun^  will  collapse  completely  and  eventually  will  become  entirely 
i^olid,  since  the  small  amount  of  entrappeil  minimal  air  will  k 
absorbed  by  the  blood.  The  other  limg,  the  heart,  etc,,  \^ill  also 
be  displaced  somewhat  from  their  normal  position  by  the  uuiisiml 
prassure.  If,  however,  tlic  opening  is  closetl,  then  the  air  m  the 
pleural  ca\ity  may  be  aljsorbcd  completely  by  the  circulating  hlood 
and  the  lung  again  exjiand  as  tliis  absorption  takes  place,  hi 
hujuan  l>euigs  pneumothorax  occure  most  frequently  in  conditions 
of  disease,  particularly  pulmonary  tul>erculosis,  and  the  air  in  the 
thorax  is  associated  also  witJi  a  liquid  effusion,  this  combination 
being  designattHl  sometimes  as  hydropneumotliorax.* 

The  Aspiratory  Action  of  the  Thorax. — The  negative  pres- 
sure prevailing  in  the  thonicic  cavity  must  affect  the  organs  in  the 
medifistinal  space.  The  intrathoracic  portion  of  the  eeoplmgust 
for  iastjin<*e,  is  exposed,  at  Limes  of  swallowing  at  least,  to  a  full 
atninsphrrc  of  pressure  on  its  interior,  while  on  it*s  exterior  it  is  undeTj 
the  diminished  intrathoracic  pressure.  This  difference  tends  to! 
dilate  the  tuln'  and  may  aitl  in  the  act  of  swallowing.  The  n 
efTeet  of  the  difference  in  pressure  is  felt,  however,  ujx>n  the  flo 
of  lymph  and  blood,  especially  the  latter.  The  large  veins  in  the 
neck  imd  iixillii  are  under  the  pressure  of  an  atmosphere  exerted 
through  the  skin,  and  the  same  lh  true  for  the  inferior  cava  in  the 
abdomen.  But  the  sujK'rior  and  inferior  cava*  and  the  right  aiuicle 
are  under  a  preasure  less  than  one  atmosphere.  This  difference 
]>ressure  must  act  as  a  constant  favoring  condition  t/i  the  flow 
blood  to  the  heart.  The  difference  is  markedly  increjised  at 
inspiration;  so  that  at  each  siich  act  there  is  an  increase  in 
velocity  and  volume  of  the  flow  to  the  heart, — an  effect  which  0 

*  Sei>  Kinerson,  "  PneumnthoraXj"   Jolms  Hopkins   Hoepilid    Report^ 
U,  1,  1903. 
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lly  referred  to  as  the  aspiraton'  action  of  the  thorax.  At  each 
spiration  hlood  Ls  "sxickofl"  from  the  extratliarafir  into  the  intni- 
oracic  veins.  So  far  as  the  inferior  eava  is  conrerned,  this  cffeet 
augmented  by  the  nimultaneouH  increase  in  alMJoniinal  pressure. 
For  OS  the  diaphragm  descends  it  raises  the  prefisure  in  the  a(>- 
domen  as  it  lowers  the  pressure  in  the  thorax.  The  two  fac- 
tors eoH3perat-c  in  forcing  more  hlood  from  the  alxloininal  to 
the  thoracic  portion  of  the  cava.  TJtere  shouKl  bf?,  of  rnurae,  a 
■milar  effect,  but  in  the  opposite  direction,  ufx)n  the  flow  in  the 
lUtcries.  Each  iaspinition  ahrnil(!  retard  the  arterial  outflow  from 
the  aortA  into  its  extrathoracic  branches.  A.s  a  matter  of  fact,  this 
ect  probably  dc»es  not  take  [ilacc.  The  arteries  arv.  thick  walletl 
d  are  dist^'nded  by  a  high  internal  pi"essure.  so  that  the  small 
;e  of  pressure  of  three  or  four  miHimeters  of  mercun'  during 
spiration  is  probably  inca|)ahle  of  influencing  the  calil)er  of  the 
cries,  while  it  has  a  distinct  effect  upon  the  thin-walled  veins, 
hose  int-emal  pressure  is  vcr\'  small.  The  changes  in  intra- 
oracic  pressure  during  resjiiration  must  affect  tlie  bloo<-i-flow  also 
the  pulmonary  circiiit,  the  flow^  from  the  right  to  the  left  side  of 
e  heart.  This  effect  is  manifested  in  the  so-ca!le<I  resfiini(or>' 
aves  of  blood-pressure  which  may  Ix?  discussed  briefly  in  this 
nnection. 

Respiratory  Waves  of  Blood-pressure. ^Vhen  a  record  is 
ken  of  the  blootl-pressure  the  tracing  shows  waves,  imleas  the 
■sfHratorv'  movements  are  ver>-  shallow,  which  are  synchronous  with 
u»  rvspinitor>'  movement's  (sec  Fig.  250).  When  the  respiration 
dyspneic  the  waves  of  pressure  are  verv*  marked.  To  ascertain  the 
exact  relations  of  these  variations  to  the  pliases  of  respiration  it  is 
liecessar>'  to  make  simultaneous  tmrings  of  blood-pressure  and 
respiration  movements  with  the  recording  pens  properly  suj^erpoeed. 
In  the  dog  it  is  found  that  the  blooil-pressure  fall.'^  slightly  at  the 
banning  of  inspiration,  but  rises  during  the  rest  of  tiie  act  (Fig^ 
Wl).  At  the  banning  of  expiration  the  pressure  continues  to  rise 
jfor  a  tune  and  then  falls  dimng  most  of  this  phase.  On  the  whole, 
therefore,  the  effect  of  inspimtion,  its  final  effect,  is  to  cause  a  rise 
of  arterial  pressure,  while  the  effect  of  expiration  is  to  cause  a  fall. 
The  relationship  of  the  two  curves  varies  in  other  animals,  depend- 
ing, among  other  things,  on  the  rapidity  of  the  respirations; 
but,  since  most  of  the  experimental  work  has  been  done  upon  the 
dog,  our  attention  may  be  confined  to  the  relationship  shown  by  this 
ftninial.  Two  general  explanations  may  be  given  for  these  respira- 
tor>'  waves:  First,  that  they  are  due  to  an  actiWty  of  the  vaso- 
constrictor center  synchronous  with  that  of  the  respirator*'  center. 
Second,  tlmt  they  are  due  to  variations  in  the  amount  of  blcKxl  sent 
Out  from  the  heart  into  the  aorta,  this  variation,  in  turn,  being  due 
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irolume  of  bloo<i  flowing  through  the  hings  during  inspiration.    The 
Dcreaaed  cajiacity  of  the  lung  capillaries  chiring  the  expansion  of 
lie  lungs  was  shown  exiwrinientally  hy  Heger  ariU  Sixilil.     They 
opened  the  anterior  mediastinum  witltout  wounding  the  pleura  and 
proved  that  if  the  lungs  are  tieti  off  at  the  end  of  inspinition  they  con- 
tain more  blood  than  when  tied  off  at  the  end  of  expiration.    The  in- 
Creascfl  velocity  of  the  bloml-flow  through  the  lungs  during  inspira- 
tion is  explained  by  the  fact  tliat  the  greater  negative  pressure  affects 
he  tliin-walled  pulmonary  veins  more  than  the  pulnionan'  artery; 
tonaequently  the  hejid  of  pressure  driving  the  blood  through  the 
UDgs, — that  is,  the  <lifference  in  pressure  l>etween  the  blood  in  the 
dmonar\'  arter>'  and  veins — is  increased.    These  <Iata  explain 
actorUy  the  general  fact  regarding  the  respirator)*  waves, — 
y,  that  during  inspiration  there  is  a  rise  of  aortic  pressure  duo 
►  A  greater  output  of  blood  from  the  heart,  and  during  expiration 


m  to  r«*|n«<ent  th«  timti  r^lniinn  hetwwTi  thr>  rrMiniratory  wsw  of 

the   rcfip'ratnry   movempult  (<1i*k)  :      A   r«pr«**«nU  tlie  hKK>d>preMUr« 

the  heart-l>«nt4  aiid  the  lart*er  rcnpiratarv  wavm.      H  repre5rnt4  •  aJtnul- 

of  tho  re<pirmt(iry  rauvnnetit.5.      At  tbe  bopDninK  of  iiL«piration  thor*  10  m 

'prrmmiir^.  tnit  the  Hnal  anil  miuii  effort   i*  n  rise.       At  tlie  bogituiing  af  ckpi> 

ift  a  rue  of  preasure,  but  tbe  tioal  and  main  offect  ia  a  fall. 


reverse.  To  account  for  the  subsidiary'  fact  that  at  the  begin- 
ning of  inspiration  the  pressure  falls  and  at  the  Ijeginiiing  of  expira- 
teon  it  rises  for  a  time  two  explanations  are  offered.  De  Jager 
befers  these  temporarv*  effects  to  the  changes  in  C4ipacity  of  the  blood- 
bed  in  the  lungs.  At  the  end  of  inspiration  there  is  a  certain  ca- 
pacity of  the  bed;  when  expiration  comes  on.  the  lungs  shrink,  the 
capacity  of  the  blood-vessels  is  thereby  diminishe<l,and  consequently 
some  blood  is  s<|ueeze<l  out  of  the  lungs  in  the  ilirection  of  least 
resistance, — that  is,  towanl  the  left  auricle.  This  accounts  for  the 
initial  rise  of  pressure  during  expiration.  At  the  beginning  of  inspi- 
ration, on  the  other  hand,  the  sudden  incrca,sc  in  capillar}'  caf)acity 
in  the  lungs  retards  for  a  moment  the  flow  of  blood  to  the  left  auricle, 
and  thus  accounts  for  the  teniiK>mr>'  fall  of  pressure.  Tigeretedt,* 
on  the  other  hand,  finds  that  shutting  off  the  entire  circulation  of 
one  hing  may  have  littJe  or  no  influence  upon  the  pressure  in  the 

•  See  Tigentedt,  *'  Ergebni£!«e  der  Phy»iolo|Kie, "  vol.  ii,  part  11,  560,  1003. 
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systemic  circulation,  and  therefore  doubts  whether  smaU  changes  In 
the  capacity  of  the  hmg  vessels  can  have  any  distinct  effect  on  the 
inflow  into  the  left  auricle.  lie  thinks  that  the  nmiii  factor  is  the 
increased  flow  of  blood  to  the  right  auricle  during  iaspiration,  ami 
that  this  increased  amount  is  then  passed  on  to  the  left  auricle  ami 
ventricle,  but  that  this  takes  some  little  time,  so  that  the  true  effect 
of  inspiration  is  not  felt  in  the  aorta  at  the  ven'  banning  of  the 
act.  This  delay  may  var}*  in  different  animals  and  may  account 
for  the  fact  that  in  some  animals  there  is  an  apparent  invereion  of 
the  relations  to  respiration,  the  aortic  pressure  falling  tliruughout 
inspiration  and  rising  during  expiration. 

The  increased  rate  of  heart  beat  during  inspiration  varies  as  lo 
its  decree  in  different  individuals.  It  ha-s  been  shnwn  by  Iredericq 
thiit  this  change  oeeura  when  the  chest  is  widely  opened  and  the 
respiratory  movements  can  have  no  niechunical  effect  upon  the  heart. 
He  su^ests,  therefore,  that  the  acrelemtcd  jjulse  during  inspiration 
is  due  to  an  ass(>(!iated  activity  in  the  nen*c  centers  of  the  niediUk. 
When  the  inspirator)'  center  discharges  it  affects  the  neighboring 
cardio-inhibiton'  center  in  the  direction  of  inhibition,  lessening  it? 
tonic  activity  and  thereby  increasing  the  heart  rate. 

In  artificial  respinition  carried  out  by  means  of  a  bellov'&— 
that  is,  by  cxpantlin^  the  lungs  with  fxisitive  pn^ssure — all  the 
conditions  of  pressure  in  inspiration  and  expiration  are  revereed. 
During  Ruch  an  inspimtion  the  flow  of  blood  to  the  right  heart,  aod 
through  the  lungs  to  the  left  heart,  is  decreased.  Respirator' 
waves  of  pressure  are  present  uniler  such  conditions,  but  the  rela- 
tions of  rise  and  fall  to  the  plmses  of  respiration  are  reversed. 
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CHAPTER  XXXVI. 
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THE    CHEMICAL   AND    PHYSICAL    CHANGES    IN    THE 
AIR  AND  THE  BLOOD  CAUSED  BY  RESPIRATION. 


The  Inspired  and  the  Expired  Air. — The  inspired  air,  atmos- 
pheric air,  varies  in  coniposition  in  different  places.  The  essentia] 
constituents  from  a  physiological  standixjint  are  the  oxygen, 
nitnigen,  and  carbon  dioxid.  The  new  elements — at^gon,  kn-pton, 
etc. — have  not  been  shown  to  have  any  physiological  significance, 

(and  are  included  "with  the  nitrogen.  The  accidental  constituents 
of  the  air  vary  with  the  locality.  In  average  figures,  the  composi- 
tion of  this  air  is,  in  volume  per  cent.:  nitrogen,  79;  ox^'gen,  20.96; 
carbon  dioxid,  0.04.  The  expired  air  varies  in  coni]K>sition  with 
the  depth  of  the  expiration  an<l,  of  course,  with  the  composition  of 
the  air  inspired.  Under  normal  conditions  the  expired  air  contains, 
in  vohime  per  cent.:  nitrogen,  79;  oxygen,  16.02;  carbon  dioxid, 
4.3S,  In  pasang  onco  into  the  lungs  the  air,  therefore,  gains  4.34 
volvimea  of  carbon  dioxid  to  each  hundred,  and  loses  4,94  volumes 
of  ox>'gen. 

"  N.  o.  oo,. 

■  InH|>irctl  79  20.90  0.04 

^^^  Expirwl 79  16.02  4^ 

^^H  4^ 

■  This  table  expresses  the  main  fact  of  external  respiration:  the 
respired  jur  loses  oxygen  and  gains  carbon  dioxid  and  consequently 
the  blood  abaorljs  oxygen  and  eliminates  carbon  dioxid.  It  will  be 
noted,  also,  that  the  volume  of  oxygen  al^sorbcd  is  greater  than  the 
volume  of  c-arlwn  dioxid  given  off.  Tliis  discrepancy  is  explained 
by  the  general  fact  that  the  oxygen  al^eorljed  is  useti  in  the  long  nm 
to  oxidize  the  carlx»n  ami  also  the  hydrogen  of  the  body;  conse- 
quently, while  moat  of  it  in  eliminated  in  the  expired  air  as  carlxin 
dioxid,  aome  of  it  is  excreted  as  water.  For  the  sake  of  complete- 
neHS  it  may  be  stated  that  traces  nf  hydrogen  and  methane  are  also 
foimd  in  the  expired  air.  They  probably  originate  in  the  intestines 
from  fermentation  processes  and  are  carried  off  in  solution  in  the 

k  blood. 
Physical   Changes  in  the  Expired  Air. — ^The  expired  air  is 
warmed   nearly  or  quite  to  the  body  temj^erature  and  is  neariy 
_  saturated  with  water  vapor.    Since,  as  a  rule,  the  air  that  we 
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insjnre  is  much  cooler  than  the  body  and  is  far  from  being  saturat" 
with  water  vap>or,  it  is  eWdent  that  the  act  of  respiration  entails 
upon  the  l)ody  a  loss  of  heat  and  of  wat^r.  Breathing  is,  in  fact, 
one  of  the  means  by  wluch  the  body  temperature  is  regulated, 
aithougli  in  man  it  is  a  subsidiary'  means.  In  other  animals — the 
dog,  for  instance — panting  i»  a  very  im(:)ortant  aid  in  controlling  the 
body  heat.  Heat  is  lost  in  respiration  not  simply  in  warming  the 
air  in  the  air  passages,  but  also  by  the  evaporation  of  wat^r  in  the 
alveoli,  the  conversion  of  water  from  the  liquid  to  the  gaseous  form 
being  attended  by  an  absorption  of  heat.  Breathing  Ls  also  one 
of  the  means  by  which  the  water  contents  of  the  body  are  regulated. 
The  water  tliat  we  ingest  or  that  is  fonned  within  the  body  is  kept 
within  certain  limits,  and  this  regulation  iseffecte<i  by  the  secretions 
of  urine  and  sweat  mainly,  but  in  part  also  b\'  tlie  constant  loas  of 
water  froni  the  hlood  as  it  passes  through  the  hmgs. 

The  Injurious  Effect  of  Breathing  Expired  Air — Ventila- 
tion.— It  is  generall>'  recognized  that  in  ImiiIIv  >entilated  rc>oni6  the 
air  acqiures  a  disagreeable  odor,  perceptible  especially  immediately 
on  entering,  and  that  i>ersons  remaining  under  such  conditions  for 
any  length  of  time  suffer  from  headache,  tlcpression,  and  a  general 
feeling  of  iuicomfortal>lene.ss.  It  has  been  assumed,  although 
without  sufJicient  proof,  that  these  effects  are  due  to  the  A*itiation  of 
the  atmosphere  by  the  expired  air.  When  the  ventilation  is  ver>* 
imperfect  and  the  room  greatly  crowded  death  may  result,  as,  for 
instance,  in  the  historical  case  of  the  Black  Hole  of  Calcutta.  In 
extreme  cases  of  tliis  latter  kind  it  is  most  ]>robab!e  that  several 
causes  combine  to  produce  a  fatal  residt.  The  conditions  are  such 
as  to  lead  to  a  very  large  increase  in  carbon  dioxid  anti  diminution 
of  oxygen  in  the  respired  air, — a  result  which  in  itselfwillcausedeath; 
and  ill  a<UIition  the  air  becomes  heato<l  Ut  a  high  temperature  and 
saturated  with  water  vapor,  both  of  these  latter  conditions  prevent- 
ing loss  of  heat  from  the  body  and  producing  a  fever  temperature, 
Under  the  ordinur>^  conditions  of  life  poor  ventilation  produces  its 
ob^^ously  evil  results  in  rooms  temporarily  occupietl, — schools, 
churches,  lecture  rooms,  theaters,  etc., — and  it  is  important  to  know 
what  is  the  cause,  and  how  it  may  l>e  avoided.  On  the  basis  of  older 
work  it  has  been  assumed  that  there  is  present  in  the  expire*!  air  a 
volatile  oi*ganic  substance  whi<'h  when  breathed  again,  f>ossibly  after 
having  undergone  some  further  change,  exerts  a  toxic  influence.  The 
e\il  effects  of  badly  ventilated  rooms  have  l>een  attribute*!  mainly 
to  this  supposed  substance.  Unfortunately  the  investigations  that 
have  been  made  upon  this  substance  are  not  altogether  conclusive.* 

*  Seo  Haliiftiip  and  Smith,  ".loiimal  of  Patholopv  and  Bacterinlogy. 
1.  IGR  and  31S.  1893;  Mcrkel.  "  Anhiv  f.  Hygiene,"  15,'  1,  1892.     Foniifinek, 
"Archiv  f.  Hygiene,"  38,  1,  1900. 
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It  seems  to  be  clear  that,  when  the  exjiircd  air  is  roTi<Icn.scd  by  pass- 
ing it  into  a  cooled  chamber,  the  water  thus  oI»t.ained,  alx)Ut  100 
CO.  for  2500  liters  of  air,  is  clear,  oilorless,  an<i  hits  only  a  mimite 
trace  of  organic  matter.  If  this  liquiti  with  or  without  conden- 
sation is  injected  under  the  skin  or  intfi  tlie  i)I(X)d-vesscla  no 
evil  result  follows,  according  to  the  teHliniony  of  the  majority  of 
observers.  But  it  remains  possif>le,  of  course,  that  the  substance 
if  present  may  be  destroyed  by  this  method  or  may  ascajM!  precipi- 
tation in  the  condensed,  water.  The  cxijcnment  that  gives  the 
most  jx)sitive  intlication  of  the  existence  of  an  organic  (basic)  poison 
in  the  expired  air  is  the  following,  first  performed  by  Brown- 
S<5quard:  A  series  of — say,  five — bottles,  each  of  a  capacity  of  a 
liter  or  more,  are  connected  together  in  train  so  that  air  can  be 
drawn  through  them  by  an  asjjimtor.  A  live  mouse  is  placed  In 
eaeli  ixittle,  and  Ijetween  Iwttles  4  and  5  an  absorption  tube  is  ar- 
ranged containing  sulphuric  acid.  Under  these  conditions  only  the 
mouse  in  bottle  1  gets  fresh  air,  those  in  the  successive  bottles  get 
more  and  more  ijiipure  air,  wliile  In  bottle  5  this  air  is  purified  to  the 
extent  of  renio\'iTig  the  organic  matter  by  passing  it  through  sxil- 
phuric  acid.  The  result  of  such  an  experinient  as  descril^etl  by 
some  observers  is  that  the  mouse  in  bottle  4  dies  after  a  certain  num^ 
ber  of  hours,  the  one  in  bottle  3  later,  wliile  those  in  the  first  and 
last  l)ottIes  show  no  injurious  effects.  The  obvious  conclusion  is  that 
death  in  such  cases  is  due  to  some  organic  toxic  substance,  and  not 
to  a  mere  increase  of  carijon  dioxid,  chemical  analysis  showing  that 
this  latter  substance  does  not  acciunulate  sufficiently  under  these 
conditions  to  cause  a  fatal  result.  Some  other  observers  have  failed 
to  get  this  effect,  but  even  assuming  it  to  Ije  correct  it  will  be  noted 
that  the  ex{>eriment  gives  no  proof  that  the  organic  substance  in 
question  is  excreted  in  the  expired  air.  Indeed,  the  seemingly 
very  careful  experiments  of  Fornuinek  make  it  pa>l>able  that  in 
these  exi)eriments  the  toxic  suUstance  is  ammonia  or  an  ammonia 
compound,  which  is  not  given  off  from  the  lungs,  but  from  the  decom- 
position of  the  urine  ami  feces  in  the  cage.  Wlien  this  latter  source 
of  contamination  is  remove<l  the  expired  air  is  practically  free 
from  ammonia  and  without  injurious  effect.  The  expired  air 
therefore,  according  to  work  of  this  character,  contains  no  organic 
poison  which  can  be  regartied  as  a  product  of  respiration. 

Some  obser\'ers  (Hermann,  Haldane,  and  Smith)  have  made 
careful  exjjeriments  upon  men  which  also  seem  to  throw  much 
doubt  upon  the  existence  of  a  toxic  sul>stanre  in  exph'ed  air.  In- 
divitluuls  kejit  in  a  confined  space  for  a  numljer  of  houi*s  show  no  evil 
effei'ts  except  when  the  accumulation  of  the  carlx>n  dioxid  has 
reached  a  concentration  of  over  4  per  cent.  At  this  concentration 
rapid  breathing  is  apparent,  and  if  it  rises  to  10  per  cent,  great 
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distress  is  felt  and  the  face  becomes  congested  and  blue.  These 
authors  conclude  that  expired  air  is  injurious  in  itself  only  from  the 
carbon  dioxid  it  contains,  and  not  because  of  any  special  poison. 
We  must  admit,  therefore,  that  the  existence  of  an  organic  poisos 
in  the  expired  air  has  not  been  conclusively  demonstrated — in  fact, 
lias  been  niade  exceedingly  unprobaljle.  The  definitely  known  evU 
results  of  breat  hiug  the  air  of  crowdoil,  poorly  ventilated  rooms  must 
be  referred  to  other  possible  causes,  such  as  tlie  increase  in  temper^ 
ature  and  moisture.  These  two  conditions  cause  depression  and 
malaise  even  when  gooil  ventilation  is  pro^nded.  It  is  possible,  also, 
that  the  material  given  off  from  the  skin  in  the  perspiration,  seba- 
ceous secretions,  etc.,  may  account  BulTicuentiy  for  the  odor  and  pos- 
sibly also  for  some  of  the  geneml  evil  effects.  If  the  ventilation  is  so 
poor  that  the  cari)on  dioxid  accunmlates  to  the  extent  of  3  to  4  per 
cent.,  then  this  factor  begins  to  exercise  a  direct  effect  upon  the  re»- 
piratory  movements  and  the  general  condition, — an  effect  which 
increases  us  the  jtercentage  of  carlxm  lUoxid  rises. 

Vaililalion. — It  is  obvious  from  the  foregoing  statements  that 
our  knowledge  is  not  yet  sufficiently  complete  to  enable  us  to  say 
positively  at  what  pfiint  air  in  a  room  becomes  injurious  to  breathe, 
whether  fi(irn  jiuuturts  of  cxpirntion.  or  exhalation,  or  chances  in 
(eniperulure  and  moist ui-e.  The  statement  is  fre<juently  made  in 
the  books  that,  when  the  air  contains  as  much  as  1  per  cent,  of 
carbon  tlioxid  (Smith)  that  has  been  produced  by  breathing,  evil 
results,  as  judgetl  by  one*s  feelings,  are  sure  to  occur,  but  tlie  ex- 
periments of  Haldane  and  Smith  seem  to  dis{>rove  this  statement 
entirely.  Tlie  practical  rule  in  ventilation  Ls  to  keep  the  air  in 
chambers  as  nearly  as  possible  of  the  compi^sition  of  the  atmosphere 
outside.  Since  carbon  dioxid  is  the  constituent  of  the  air  tiiat  is 
most  easily  determined  the  relative  purity  of  i*oom  air  is  judged 
conveniently  by  quantitati\e  estimations  of  tliis  constituent.  Or- 
dinary atmospheric  air  contains,  on  the  average,  0.04  per  cent. 
of  carimn  dioxid — that  is,  4  partes  to  10,tX)().  The  hygienists  main- 
tain that  the  ventilation  should  Ije  sufficiently  ample  to  keep  the 
carbon  tiioxid  down  t-o  0  parts  per  10,(WX),  thus  leaving  2  parts 
per  10,000^  0.02  vol.  per  cent.,  as  the  permissible  limit  of  vitia- 
tion by  breatliing.  To  detennine  on  tliis  l)asis  the  amount  nf 
air  necessar)'  for  each  person  the  following  formula  is  used: 
d  =  ",  in  which  d  represents  in  liters  the  delivery  of  fresh  air  per 
hour;  e,  the  amount  of  CO.^  expired  per  hour  in  litere;  and  r  the 
ratio  of  permissible  vitiation  of  the  air  by  COj.  Assuming  this 
latter  factor,  in  accordance  with  the  above  statement,  to  f>e  equal 
to  0.02  per  cent.,  and  t  to  l>e  etjual  to  20  liters  per  hour  (500  X 
0.04  ..'■  17  ■'^■:  60).  the  value  of  H  is  equal  to  lOO.tXK)  liters  of  air 
per  hour  for  each  person.  The  rapidity  of  renewal  of  air  will 
depend  nutvirally  upon  the  cubic  space  allotted   to  each   indi%id- 
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uiil.  The  smaller  thm  space,  the  more  ample  must  be  the  ventila- 
tion. Tlie  following  fij^ires  *  ^ive  an  idea  of  the  vahies  adopted  for 
different  conditions  : 


AuouNT  OP  Ventilation         CVbic  Space  m 
rsR  Homt  pbr  Pkimon  Person  in  Cctbio 

tM  Ccraic  Ubtciis.  Metsba. 

HdapiUls 6O-100  30-50 

Priaofu 50  25 

Factories 60-100  30-M> 

BtfTAckB 30-50  15-25 

Theaters 40-50  20-25 

Hallf»  and  amembly  rooms 30-(>a  15-30 

SchooU 15-20  7.5-10 

Claasrooms  for  adults 25-30  12-15 

The  amount  of  cubic  space  allowed  is  based,  it  will  be  noted,  upon 
the  supposition  that  the  air  is  completely  renewed  by  ventihition 
during  the  course  of  an  hour. 

The  Gases  of  the  Blood. — The  gases  that  are  contained  in  the 
blood  arc  oxygen,  carljon  dioxid,  and  nitrogen.  These  pases  may 
be  extractetl  completely  find  in  a  condition  for  [jiiiinfitative  analysis 
by  means  of  some  form  of  gas-puinp.  The  fjrinciple  of  nitjst  of  the 
gaa-pumpkj  use*!  in  the  physiological  luboratorifcs  is  the  same.  I'he 
apparatus  is  arranged  so  that  the  blood  to  Ije  examined  is  brought 
into  a  vacuum  while  kept  at  the  fem|jerature  of  the  IhmIv.  I'nder 
these  condititins  all  of  the  oxygen  and  nitrogen  and  part  of  the  car- 
bon dioxid  are  given  off  and  may  be  colh^ctc^l  hy  suit^ible  means. 
A  portion  of  the  carbon  dioxid  present  lu  the  blmxi  Ls  in  such 
stable  combination  that  to  remove  it  it  may  he  necessar\'  to  add 
aomc  dilute  acid,  such  as  phosphoric  acid.  This  portittn  of  the 
carbon  dioxid  is  designated  in  this  connection  iis  the  fixed  carbon 
dioxid. 

The  principle  of  the  ea»  pump  may  be  explained  mopt  ea.sily  hy  dewribing 
the  'ftiniple  fonn  devwed  ov  GK'haiit.  The  es-seiiliiil  iJ«rt,s  of  tht»»  i)ump  are 
repreH«»te*J  in  Fig,  252.  The  mercurj'  pump  ron.MistJ^  of  two  bulbs,  one  mov- 
i^e  (.V),  the  otiier  fixecl  (F).  M  may  r>e  rais?etl  and  lowered  l)y  the  wimlla*« 
(P).  Alx>ve  /•',  there  U  u  three-way  stopcock  (m)  by  meniLs  of  which  the 
chttmV»er  Kmav  Ik*  put  into  communiratinn  with  the  out>ir|r  air  by  way  of  C, 
or  with  the  bmb  B,  which  Ls  to  contain  tlie  blo<Kl,  or  may  lie  shut  oil  com- 
pletely. If  M  i^  rai-^e*!  ?*o  as  to  fill  F  entirely,  and  the  !«topcock  m  m  shut  off, 
then  CHI  lowering  M  tlie  mcrcur\'  will  How  Into  it,  leaving  a  perfect  vacuum 
in  Ff  since  the  dintance  between  F  and  ^f  i»  ffreat«r  tliun  the  barometric 
heiehl.  If  the  stopcock  m  is  turned  so  a.-*  to  throw  F  into  communication 
with  IS,  the  rhandier  of  this  latter  is  brought  under  the  influence  of  the  vac* 
uiun  and  any  gof^e!^  that  it  ruay  contain  will  be  distributed  between  B  and 
F.  If  Httipcock  HI  is  Again  turne«l  off  and  M  ix  raised  the  pasos*  in  F  will  he 
condenMil  at  it^  upi>cr  end,  and  by  turning  the  stoiM-ock  m  pro|>erly  these 
gVOi  may  be  forceti  to  the  outside  by  wuy  of  ('  or  may  Ite  coUecteif,  if  de- 
Mrad(  in  a  burette  filler!  with  mercur>-  and  inverts!  over  the  ojwning  from 
y  eontained  in  the  tmttom  of  C.  In  performing  an  experiment  the  fla^k 
B,  which  is  to  i>outain  the  blood,  in  connected  with  F,  an  anown  In  the  figure, 

♦Taken  from  Bergey,  "The  Principles  of  Hygiene,"  1904. 
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all  joints  lieiii)?  protected  from  leakage  bv  a  »*eal  of  water  out*iide,  as 
at  h,  whirh  rcprese»tJi  a  jiie*^  of  \vide  niltl>er  lul)inc  fille<l  with  \vaU»r  lo 
to  protect  a  joint  between  two  pieces  of  k^^i^  (ubinjj;.     li  [s  next  eihaUMtedf 
completely  by  raiaujg  aiuJ  lowering  ^f  a  nninl^r  of  tiine«^  in  the  wuv  devtii 
above  until  on  throwing  B  into  com  muni  cation  with  u  varuuni  in  /''no  fun) 
gas  is  ^ven  off.     The  last  T>articles  of  air  may  be  driven  out  frtiiu  B  by  tail- 
ing a  little  wat«r  in  it.     After  a  complete  vacuum  has  been  e^tablii^ed  in  B 
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Fie.    253. — Gaa   pmnp   for  «xtr«etinK   the   (esms  of   blood    iGrthanOi     J/ 
The  mercury  nctAvtra;    P,  the  windlasa  for  miJdng  uid  lowerinji  M;  m,  ^  Uuee-i 
mtopotick  prDl«ct«d  by  »  wal  »(  mercury  t>r  wat«ri  C,  m  cup  with  rnerrury  avtr 
the   receiving   eudiometer  u  pl&eed    tii   cnUecl    the   Kxom:    B,  the  btilh  iii  whictuj 
vacuum  ia  nude,  the  blood  ia  introduced  by  the  crmmiatM  Hyriuge.  S.     Hy  in 
•topoook  m  the  Tftoumn  In  F,  eauwd  by  tbo  fall  ofthe  mercury,  can  be  plao^d  it 
oaUon  with  B.     After  tbe  ganw  have  Uiffuaed  over  inio  F,  M  im  raif«d,  and  when 
cock  m  in  pn>perly  turned  tbe«  gaaee  are  driven  out  thrnuxh  C  into  the  rnnivuig 
The  operatioD  iii  rcpeatod  until  no  mora  gu  ia  giveit  off  from  B. 


a  measured  amount  of  blood  b  introduced  from  a  fcraduated  s^iinge,  S^ 
repretsented  in  the  figure.    This  blood  must  be  taken  directly  from  the 
of  the  animal  and  be  introduced  into  B  at  once.     B  is  kept  immersed  in 
at  the  temperature  of  the  body,  and  the  bidb  ^f  \a  now  raised  and  lowered 
numljer  of  times  so  that  the  gasttt*  given  ofT  frtnn  the  blood  are  cirawn  ovt 
into  F  and  then  by  proper  manipulation   nf  the  Ktoprock  are  driven  a 
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irette  fai^ned  over  tlic  o|>eiiinf;  of  the  tulxi  in  C.  To  dnvo  ofT  all  of  the 
carbuu  (lioxul  a  little  dilute^  ptiusnliuhc  »cid  iim.'^t  be  added  tu  the  bhxxl  iu 
B  by  (iicaiis  of  the  s>Tiiige,  S.  Tiie  pjiscs  tlui.**  tolletifwi  into  the  Imretto  ar« 
fin^t  nica^urod  aiul  are  then  aimlyzetl  for  the  three  iuiportaiit  eonstituoata 
by  boine  of  the  accepted  gosomelriL'  incthod>.  I'he  jminipb  involved  is  to 
ueorbtirHt  from  the  mixture  all  of  theCO,  l>y  intrfxlucni^  a  solution  of  Rxliuin 

I  or  potaAsimn  liydrate.  The  reatiuig  of  llie  vulujue  left  after  this.  al«>orptioii 
is  completed  coiuiiared  with  the  first  readme  gives  the  volume  of  CU^  Next, 
A  freshly  made  alkaUiic  Kolutiou  of  p^Togalhc  WK'Xd  lis  introilurcti  into  tlic  tut>e. 
This  solution  absorbs  aU  of  the  oxygen, nhoH^  vulunuMi^thus  easily  <letenuiiioiU 
The  gaci  that  '\»  left  unabeorbetl  after  the  action  nf  lhcf*e  two  solutions  is  nitro- 
gen. The  volumcfl  of  ga.«es  are  re<Iurt^d,  a«  U  the  t  a^toMi,  to  iniit  pressure 
and  teniiteniture, — thai  is,  to  zero d^reereiiti^^jiuie and  700  niuw,  Imronietrie 
presKsure.  A  correction  mitst  also  be  niiule  for  the  tension  or  pressure  exerted 
Dy  the  aijucous  vapor  in  the  gaaes.  These  corrections  oie  made  by  meana 
of  tlie  following  formula; 

t  vt  - V(B-T) 

■  760  X  (1  +  0.003665t) 

in  which  l' represents  the  corrected  volume,  V  the  volume  actually  observed. 

B  the  barometric  height  at  the  time  ami  place  of  the  olyser\*ation,  T 
•the  aqueous  tension  at  the  tew|^rature  of  tlie  reading,  and  i  the  temperature 
'.  In  defcrees  centigrade. 

By  means  of  such  methods  the  gases  in  the  blood  have  been  de- 
termined.   The  quantities  varv  somewhat,  of  course,  with  the  con- 
ditions of  the  animal  and  with  the  8|>eeies  of  uniinal.   In  a  quick 
analysis  of  dogs^  arterial  blood  made  by  PQiiger  the  following 
figures  were  obtaineil  reckoned  in  volumes  per  cent. :  O,  22.6;  CO,, 
84,3;  N,  1.8.     In  this  case  each  100  c.c.  of  arterial  blood  contained 
22.6  c.c.  of  O  and  34.3  c.c.  of  CO,  measured  at  0°  C.  and  7G0  mms. 
2^Bg*  An  aiudysis  of  human  blood  (Setschenow)  gave  closely  similar 
HgaNa;  O,  21.6  per  cent.;  CO,,  40.3  j)er  cent.;  and  N,  1.6  |)er  cent. 
rWhen  the  arterial  and  the  venotis  bloo<l8  are  comjMired  it  is  found 
that  the  venous  blood  has  more  carlx>n  djoxid  and  less  oxygen. 
Average  figures  showing  the  difference  in  composition  are  as  follows: 

[f  o- 

I  Art«*rial  blood 20 

(Venous  blood 12 
Difference .~8 

The  actual  amoimts  of  oxygen  and  carbon  dioxid  in  the  venous 
Iblood  van-  witb  the  nutritive  activity  of  tlic  tissues,  and  differ 
{'therefore  in  the  various  organs  according  to  the  state  of  activity  of 
■each  organ  in  relation  to  the  volume  of  its  bloo<i  supj^ly.  This 
point  i»  well  illustrated  by  some  analysr«  made  by  Hill  and  \a- 
barro*  of  the  gases  in  the  venous  bloo<l  from  the  brain  and  the 
muscles,  respectively.  Their  average  results  when  both  tissues 
"Were  at  rest  were  as  follows: 

OXTQCK.  CAnnoN   DiOXtD, 

;VenoU8  blood  from  limbs  (femoral). , . .  0.34  per  cent,        45.75  per  cent- 
"     brain  (toifuUr)  ...13.49     "      »  41.65    "      " 

•Hill  and  Naburro,  ''Journal  of  Physiology,"  18,  218,  1895. 
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It  vdW  ^ye  seen  that  under  similar  conditions  there  is  murli  le» 
oxygen  used  and  carbon  dioxiti  formed  in  the  brain  than  in  the 
linibs  (muscles).  In  the  former  organ  the  physiological  oxidations 
must  either  be  small  compared  with  those  of  the  muscles,  or  the 
brain  tissues  receive  a  relatively  ample  supply  of  blood,  so  that  tho 
tissue  metabolism  has  less  effect  upon  the  blood  composition.  The 
venous  blood  as  it  conies  to  the  lungs  is  a  mixture  of  bloods  from 
different  organs,  and  its  composition  in  gases  will  be  constant  only 
when  the  conditions  of  the  body  are  kept  uniform.  Much  work 
has  been  done  in  physiologj'  to  determine  the  condition  in  wluch 
these  various  gases  are  held  in  the  blood.  The  results  obtained 
show  that  they  are  held  partly  in  solution  and  partly  in  chemical 
combination.  To  understand  the  part  played  by  each  factor  and 
the  conditioas  that  control  the  exchange  of  gases  in  the  lungs  and 
tissues  it  is  necessary  to  recall  some  facts  regarding  the  phyacal 
and  chemical  projjerties  of  gases. 

The  Pressure  of  Gases  and  the  Teims  Expressing  these 
Pressures. — The  air  around  us  exists  under  a  pressure  of  one 
atmosphere  and  this  pi-essure  is  expressetl  usually  in  terms  of  the 
heiitrht  of  a  column  of  mercury  that  it  will  support, — namely,  a 
column  of  760  mms.  Hg.  which  is  known  as  the  normal  baromctrid 
pressure  at  sea-level.  Air  Ls  a  mixture  of  Rases,  and  according lo the 
mechanical  theor)^  of  gas-pressure  each  constituent  exerts  a  pressure 
correspondin^i  lo  tiie  proportion  of  that  gas  present.  In  atmospheric 
air.  ihercfoiv.  the  oxygen,  being  present  to  the  ext<?nt  uf  '^)  per 
cent.,  exerts  a  pressure  of  ^  of  an  atmtisphere  or  j^  ^.  760  152 
mnus.  Hg.  When  we  speak  of  one  atmosphere  of  giis  prwwire. 
therefore,  we  mejin  a  pressure  equivalent  to  700  nuns.  Hg.  aiifi  in 
any  given  mixturR  the  pressure  exerted  by  any  constituent  may 
Ik*  expres^^il  in  percentages  or  fractions  of  an.  atmosphere,  ur  in  *"^ 
equivalent-  hei^lit  of  the  lucrcury  column  which  it  will  support. 

Absorption  of  Gases  in  Liquids. — When  a  gas  is  brought  into 
contact  with  a  Utiuid  witli  wliich  it  does  not  react  cJiemic*ll>'    * 
certain  number  of  the  moving  gaseous  molecules  jx?netratc  tl^k* 
liquid  and  become  dissolvetl.     Some  of  these  dissolved  niolecul 
escape   from    the   water   from   time   to   time,   again   becomi 
gaseous.    It  is  evident,  however,  that  if  a  liquid,  water,  is  brou^ 
into  contact  with  a  gas  under  definite  ])ressure, — that  is,  contaix^*^ 
a  definite  number  of  molecules  to  a  unit  voliuaie, — an  equiUbn"*-^ 
will  be  established.     As  many  molecules  will  penetrate  the  Uq^V 
in  a  given  time  as  escape  from  it,  and  the  liquid  will  hold  a  deft*^^ 
numl>cr  of  the  gas  molecules  in  solution;  it  will  he  saturate<i 
that  pressure  of  gas.     If  the  pressure  of  the  gas  is  increased.  H*^'^ 
ever,  im  equilibrium  will  be  «^suiblishetl  at  a  higher  level  and  r»"* 
molecules  of  ga.s  will  be  dissolved  in  the  liquid.     Experiments  ^**^|., 
shown^  in  accordance  with  this  mechanical  conception,  thnC 
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amount  of  a  ^ven  gas  clis!*olve<l  by  a  jjiven  liqukl  varies,  the  temper- 
ature remaining  the  same,  <lirertty  with  (he  pressure. — thul  is.  it  in- 
jCreaaes  am)  ilecreases  proportionally  with  the  ri^  and  fall  of  the 
gii»  pressure.  This  is  the  law  of  Henry.  On  the  other  hand, 
the  amount  of  gas  di-ssolveil  by  a  liquid  varies  inversely  with  the 
temperature.  It  follows,  also,  from  the  same  mefhanieal  views 
that  in  a  mixture  of  gases  each  gas  is  dissolved  in  proportion 
to  the  pressure  that  it  exerts,  and  not  in  proportion  to  the  pressure 
of  the  mixture.  Air  consists,  in  round  numbers,  of  4  jwirts  of  N  and 
1  |>art  of  O.  Consequently,  when  a  volume  of  water  Is  exposed  to 
the  air  the  ox>'gen  is  dissolved  according  to  its  "partial  pressure," 
—that  is.  under  a  pressure  of  -J^  of  an  atmosphere  (152  mnis.  Hg). 
The  water  \\'ill  contain  only  \  as  much  oxygen  as  it  would  if  ex[j08ed 
to  a  full  atmosphere  of  oxygen — that  is,  to  pure  oxygen.  And,  on 
the  other  hand,  if  water  lias  l>een  saturated  with  oxygen  at  one 
fttmosphere  (760  nuns.)  of  pressure  and  is  then  exposed  to  air, 
four-fifths  of  the  dissolved  oxygen  will  he  given  off,  since  the  pressure 
of  the  surrounding  oxygen  has  l>een  diminished  that  much.  Ab' 
sorption  coefficient.  By  this  term  is  meant  the  numl)er  that  ex- 
presses the  proportion  of  gas  dissolved  in  a  unit  volimic  of  the  liquid 
under  one  atmosphere  of  pressure.  The  alisorption  coefficient  will 
van*,  of  course,  with  the  temperature.  The  gases  tlmt  interest  ua 
in  tliis  connection  are  oxygen,  nitrogen,  and  carlxin  dioxid.  The 
absorption  coefficients  of  these  gases  for  the  btood  at  the  tempera- 
ture of  the  iKMiy  are  as  follows:  O,  0-0262;  N.  O.Ol.iO;  C^O,,  0.5283,* 
That  is,  1  c.c.  of  bicxxl  at  ^>ody  temperature  dissolves  0.0262  of 
1  c.c.  of  oxygen  if  exposed  to  an  atmosphere  of  pure  oxygen,  and 
6o  on.  The  solubility  of  the  CO,  is  therefore  twenty  times  as  great 
as  that  of  oxygen.  Accepting  these  figures,  we  may  calculate  how 
much  of  these  three  gases  can  be  held  in  the  arterial  blood  in  physical 
solution,  provided  we  know  the  pressure  of  the  gases  in  the  alveoli 
of  the  lungs.  The  composition  of  the  alveolar  air  will  ho  discussed 
farther  on,  but  we  may  assume  at  present  that  it  contains  80  per 
cent,  of  nitrogen,  15  per  cent,  of  oxygen,  and  5  per  cent,  of  carbon 
dioxid.  In  100  c.c.  of  blood,  therefore,  the  following  amounts  of 
these  gases  should  be  held  in  solution: 

'  Nitrogen 100X0.013    X  0.80  =  1.04    c.c. 

Oxvireu 100  X  0.0262  X  0.15  =  0.393    " 

Carbon  dioxid 100  X  0.5283  X  0.05  ^  2.64      '* 

I 

As  will  be  seen  from  the  analyses  given  above  of  the  actual  amoimts 
of  these  gases  obtained  from  the  blood,  the  nitrogen  alone  is  present 
in  quantities  corresponding  to  what  would  be  expected  if  it  ia 
held  in  simple  physical  solution. 

•  A«  ifivpn  by   Bohr,  the  nbHorption  copfficionts  of  the**p  three  |raAf«  at 
■40*  C.  art*  as*  follows:   Oxygen.  0.02:^1;  nilro^pn.  0.0118;  corlMm  di<ixi<l.  0.5.t0. 
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The  Tension  or  Pressure  of  Gases  in  Solution  or  Combi- 
nation.— When  a  gas  is  held  in  solution  the  equilibrium  in  de- 
stroyed if  the  pressure  of  this  gas  in  the  surrounding  medium  or 
atmosphere  is  changed.     If  this  pressure  is  increased  the  liquid 
takes  up  more  of  the  gas,  and  an  equihbriuni  is  established  ut  a 
higher  level.     If  the  pressure  is  decreased   the  Liquid  gives  ofl 
some  of  the  gas.    That  pressure  of  the  gas  in  the  surroiuiding 
atmosphere  at  wliich  eciuilibrium  is  established  measures  the  tension 
of  the  gas  in  the  Uquid  at  tliat  time.    Thu.s,  when  a  lx>wl  of  watoris 
exposed  to  the  air  the  tension  of  the  oxygen  in  solution  Ls  152  iiintfL 
Hg;   that  of  the  nitrogen  is  G08  mms.  Hg.     If  the  same  water  is 
expose<l  to  pure  oxygen  the  tension  of  the  ox>'gen  in  solution  is 
ecjual  to  760  mms.  Hg,  while  tliat  of  the  nitrogen  sinks  to  zero 
if  the  gas  that  is  given  off  from  the  water  is  removed.    With 
compoiuids  such  as  ox>' hemoglobin  the  tension  under  whifh  IJh; 
oxygen  is  held  is  measured  by  the  pressure  of  the  gas  in  the  sur- 
rounihng  atmosphere  at  which  the  compound  neither  takes  up  nor 
gives  off  oxygen.     If,  therefore,  it  is  necessary  to  iiet4?nninc  tlie 
tension  of  any  gas  held  in  solution  or  in  dissociable  combinatiod  it  is 
sufficient  to  determine  thu  jjercentage  of  that  gas  in  the  surrouiiding 
atmosfjhere  and  thus  ascertain  the  partial  pressure  that  it  exert& 
If  the  atmosphere  contains  5  per  cent,  of  a  civen  gas  the  partial 
prc.s.siiiv  L'xertcd  by  it  is  equal  to  'AH   nmis.  Hg  (76()  •:  (UKii.  aiid 
tliis  fi]L;uie  expresses  the  tension  under  which  the  pas  is  lieW  m 
solution  or  combination  in  u  liquid  exposed  to  such  mi  atnifispherf. 
As  regards  the  tension  of  the  gaaes  in  arterial  and  venous  blood, 
this  fin)ce<lure  is,  of  course,  not  possible,  since  the  bliKni  is  su^ 
rounded,  not  by  an  atmosphere  whose  composition  can  l)c  analyzed, 
l)ut  by  the  liquids  of  the  body,  the  lynqjh  ami  cell  juices.   To 
dtiteniiinc  tiie  tension  of  the  gases  in  tlie  blood  it  is  necessary  to 
remove  the  blood  fnmi  the  vessels  ami  l)ring  it  into  contact  ^ithan 
atnioRphore  containing  a  known  quantity  of  <),  CXJ,,  or  N,  acconling 
to  the  gjis  to  be  meiisured.     Hy  tn;d  an  atmosphere  can  be  obtained 
in  which  this  gas  is  contained  in  amounts  such  that  there  is 
marked  ir»crease  or  dtM^rcawe  in  (juantity  after  standing  in  diffusio'^; 
relations  with  the  blood.    The  percentage  of  the  giis  in  the  atra 
phere  chosen  will  measure  the  tension  of  that  gas  in  the  blood.      ^. 
instrument  which  has  been  much  used  for  such  determinaiions-  ^ 
represented  diagrammatical ly  in  Fig.  263.    It  is  known  as  an  »^^^ 
tonometer  (Pfliigrr).     It  con.'^Lst.s  of  a  tube  (A)  which  can  l>e  c^*^^ 
nected  through  h  directly  with  the  lilood-vcssela.     This  tube  '^\_i 
surroimded  by  a  jacket  (C)  containing  warm  water,  so  that  the  t*^*^*^ 
may  be  kept  at  the  body  temperature  during  the  experiment  -  , 

]b  first  completely  filled  with  mercuiy  from  the  bulb  M  to  driv^  _^ 
the  air.     An  atmosphere  of  known  comix)sition  is  then  suckefl     ***  i 
A  by  dropping  the  bulb.    Blood  is  allowed  to  flow  into  A  thrO*^ 
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stopcock  b  and  to  trickle  (lc»wn  tJi*^  sides  r>f  the  tul>e.  Diffusion 
relations  are  ee.t  up  l>ctwecn  tlie  blood  and  the  known  atmosphere, 
and  after  eqiiilihriuni  has  l)ecu  estahlislM^l  the  gas  is  driven  out 
throiiph  *i  into  a  convenient  receiver  and  analyzed.  If  two  aeru- 
tonomet^ra  are  used,  one  containing  the  gas  at  somewhat  higher 
proBBure  than  that  expected,  and  the  other  at  a  somewhat  lower 

pressure,  an  average  re.sidt  is  nb-  

tained  which  expresses  with  sufJi- 
cient  accnra(»v  the  pressure  of  the 
given  gas  in  the  blwxi. 

It  is  important  not  to  confuse 
the  tension  at  which  a  gas  is  held 
in  a  liquid  with  the  volume  of  the 
gas.  Thus,  blood  exp  scd  t>  the 
air  contains  its  oxygen  under  a 
tension  of  152  mms.  Hg,  but  the 
amoimt  of  oxygen  is  e<|iial  to  2() 
volumes  percent.  Water  exix>sed 
to  the  air  contains  its  oxygen  un- 
der the  same  tension,  but  tlie 
amount  of  gas  in  sohition  is  less 
than  1  volume  per  cent.  Tensions 
of  gases  in  liquids  are  expressed 
either  in  percentages  of  an  atmos- 
phere or  in  millimeters  of  mercur>\ 
Thus,  the  tension  of  oxygen  in  ar- 
terial blood  is  found  to  l)e  equal 
to  about  10  per  cent,  of  an  atmos- 
phere or  76  nmis.  Hg.  (760  X  0.10). 

The  Condition  and  Signifi- 
cance of  the  Nitrogen. — We  may 
accept  the  ^'icw  tliat  the  nitrogen 
of  the  blocKi  is  held  in  physical 
solution.  The  amount  present 
corresponds  with  this  view,  and, 
moreover,  it  is  found  that  the 
quantity  varies  directly  with  the 
pressure  in  accordance  witli  the 
law   given   above.     If   an    animal 

is  p*irmilte<l  to  bi-eathe  an  atnuisphere  of  oxygen  and  hydrogen 
the  nitrogen  disappear  from  the  blwxi.  mid  when  ordinary'  air  is 
breathed  the  nitrogen  contents  of  the  arterial  and  venous  bloods 
exhibit  no  constant  difference  in  quantity.  It  seems  certain,  there- 
that  the  nitrogen  plays  no  dire<'t  r6Ie  in  the  physiological  pro- 
It  is  altHorbed  by  the  blood  in  proportion  to  its  partial 
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Flff.  3A3.— DUffram  to  show  the 
prlooipK  of  lb«  asrutijuotucter:  .4.  The 
tube  ountAimDS  &  knovn  mixturv  o( 
naes,  O.  COh  N;  C.  the  outside  jacket 
for  infuntainmg  k  cooaUuit  body  lem* 
persturt^.  When  Htopcock  b  i^  or«n 
the  blooil  tripklr>ei  drnvn  the  ■■i>|p-<  of  A 
and  eni^M  int-o  diffusion  rpLAtt<»ii^  with 
the  coiitaiued  ica«eH.  Alter  vquilibnuin 
b  i«aohed  the  stopeoofc  b  i*  rioacvl  and 
o  b  opened.  By  DQ«aos  of  the  mer- 
cury bulb  the  CMBB  can  then  be  furoed 
out  of  A  into  a  vuitmbte  receiver  for 
aiutlyntn. 


^4  ?S7'^:c.K-r  :ir  isss'sm^t.^.^ 

Tr»rr^;--*  r.  "Zi*  i^-^**.*!  -c  "Jit  j;ntp-  kiji  ?arrLit"#e?  il  Tie  Uockd  in 
•culJ.  lzii'.i'jt^  'rrii'.rj'  ^fbertmr  ulh-  imnittd2fcr.«-  TT^-fi  imm»  ^kxi  tlie 


fif  Oxifui  n  Ac  Baai- — ^Tbu  lae  iiLigm  is  not 
z^z  ii  1*1^  '-.v'xc  2iisr*L7-  s.  KihzDca.  x-  jiir>?*«»i-  ir  i^  £z«<  plare. 
*^  '^  'rtJT%  j'-^^^'^^  :nfieii:  .uii.  2r  !£«•  seeiceii  zttoe.  bnr  tht  fact 
-.^T  -i^  'j'jkz::2rr  -j-jvt  11:1:  Tkzj  xr^mrr  wt»z.  ibe  ficaNJie  i&  tl» 
«rjrr.r.;=j±Z4C  =i^±~jr-  It  if  Dsfzcsor  k=ic<vr.  i£a3  br  iir  the  lu^eet 
jr.r"uj--c.  '.c  Tilt  lj..'im,  £  ieai  i.  tfrr-Sral  evxiitenwoo  with  the 
i^r-r^tzcxz,  it  Tiit  :^i  ti-.cpascae*-  -idLjfr  &  ^:itt  an&fler  poition. 
Thrriic  wr:^  t^  zevsr.^^^  jt  heui  zi,  fc^rracc  ^  the  y^tfim  The 
9ic:pacxid  ca-jbecrripirc  yrjimijwj,'  tbe  i:=.pc*nazii  ptopen>  that 
w'lgfz,  T^  jj'jigrjt  ^:c  -i-x^  ga,  ir  the  sczr^fiz^iiae  iDedhim  £aOs  sufiK- 
?^*cTJTh  tieczffTC'^Bccsue&ai  face  Gxjccck  even  off.    Tbeproe- 

i  I  i  I  t  t  i  I  f  (  i  f  i  f  i  i  i  i  i  i 
\  t  \  I  I  I  i  i  ^  i  I  i  I  I  i  i  t  I  ^  s^ 


^ 

r™ 

'^ 

^"^^ 

^^ 

*-»- 

f9* 

""^ 

mt 

^- 

^ 

M 

'-. 

'^- 

(t^ 

J 

*, 

_ 

ntf 

\     ; 

\    '  , 

Mt 

\  ,  1 

•X 

'  1 

* 

•^.n-^^'Mf^j%a^*^M}tl*n     p$    *>    j%    r^    j\    *^    /f 

fv,  i,>L'— Ce~r«.  d:<'je*i  Ear.  to  sbov  the  dia^ocutioa  of  oxyhemo^olHn  in  blood 
^.^-  z3vnc:  =«se5=r*^  .f  owgwi.  After  Lonry)  Ih*  ordinaiej  pre  the  perceotaiew 
c£  »T:=:%a-c  :f  '.dt  ixts.::^M*fsn  vith  or>^m.  MBUminK  cooiplete  mturmtioo  (100  per  cenO 
■^iec  ti:««  »  rxpcccc  to  mimofiiberit  air.  Tbe  eorrwponding  prewuras  of  oxysen  ai* 
ncn^wKTcc  ^-T  the  »N'riiW  at  tfae  top  in  mms.  of  iDercur>-.  at  the  bottooi  in  peroentagev 
c^  a=.  a:=K»f  cere. 

ess  of  liissociation  is  facilitated  also  by  increase  of  temperature, 
ppjvideti.  of  course,  that  it  does  not  rise  to  the  point  of  coagulating 
the  hemoelobin.  The  amount  of  dissociation  that  takes  place  under 
ou5erent  pressures  of  oxygen  in  the  surrounding  medium  has  been 
5t'-:.i:eii  both  for  solutions  of  pure  hemoglobin*  and  for  defibrinated 
rliNMit  It  would  seem  from  recent  work  that  the  compound 
(►etween  oxygen  and  hemoglobin  is  more  easily  dissociated  when  the 
hemoglobin  is  in  its  natural  condition  in  the  corpuscles  than  when  it 
has  been  cr^stallizeti  out  and  obtained  in  pure  solutions.  The 
rt^ults  that  have  been  obtained  from  experiments  upon  defibrinated 
blood  probably  represent,  therefore,  more  neariy  the  conditions 

♦Hiifner,  "Archiv  f.  Phvsiologie,"  suppl.  volume,  1901,  p.  213. 
tLoew>%  "Archiv  f.  Phvsiologie,"  19M,  p.  245. 
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of  dissociation  in  the  body.  The  residta  obtained  by  Loewy  are 
indicated  in  the  curve  of  dissociation  shown  in  Fig.  254.  obtained 
from  experimenta  on  human  blootl.  At  a  pressure  of  oxygen  of 
152  mnis. — that  is,  when  ex[X)sed  to  ordinar>'  air — the  hemoglobin 
y  or  completely  satumte<l  v^iih  oxygen.  If  the  oxygen 
re  is  increased. — if,  for  instance,  the  blood  is  exjxjsetl  to  pure 
ygen  (pressure,  760  ninis.), — no  more  oxygen  is  combined 
chemically  by  the  hemoglobin.     Additional  oxygen  will  \)e  taJ<en 

!"  up  by  the  blooti,  but  only  in  so  far  as  it  can  pass  into  solution  in  the 
bloofi-plasma.  Oxygen  thus  ilissolved  in  the  blood-plasma  obeys 
the  physical  law  of  solution,  rmd  will  Ije  at  (tnce  piven  off  when  the 
oxygen  pressure  of  the  surrounding  me<Uum  is  lowered.  If  the 
'pressure  of  oxygen  falls  l>elow  that  of  the  air  (IW  nims.)  the  chemi- 
cally combine<l  oxyhemoglobin  begins  to  dissociate  slowly  at  first, 
but  as  the  pressure  falls  Mow  7t)  ninis.  the  dissociation  bej-omes 
much  more  rapid,  and  the  oxygen   thus  lil>crate<l  from  chemical 

(combination  is  frtmi  a  quantitative  stitmlpoint  much  more  impor- 
tant than  that  freetl  from  solution  in  the  pln.smu.     This,  in  fact, 
is  the  process  that  lakes  place  as  the  Mood  circulates  through  the 
tissues.    The  arterial  blood  enters  the  capillaries  with  its  hemo- 
globin nearly  saturated  with  oxygen.— about  10  c.c.  to  each  100  c.c. 
of  blood.     After  it  leaves  tlie  capillaries  the  venous  MiK>d  contains 
I  only  alxjut  12  volumes  of  oxvgen  to  each  KK>  c.c.  of  blood.     In  the 
passitge  of  the  capillaries,  which  takes  only  alwut  one  second,  the 
blood  loses,  therefore,  about  35  per  cent,  or  more  of  its  oxygen. 
fTUe  physical  theor}'  of  respiration  furnishes  data  to  show  that  this 
ElosB  is  due  to  a  dissociation  of  the  oxyhemoglobin,  owing  to  the  fart 

•  that  in  passing  through  the  <'apiHarie»s  the  bl<io<l  is  brought   into 
texchange    with    a    surrounding    medium — lymph,    cell    liquid — in 

*  which  the  oxygen  pressure  is  ven,'  low. 

j       Condition  of    the    Carbon    Diozid    in    the   Blood.— Cnrlx)n 
tdioxid  is  evidently  contained  in  the  IiUkkI  in  chciniial  combination 
^as  well  as  in  solution.     The  amount  present.  40  to  45  volumes  |>er 
t«ent..  is  entirely  loo  great  to  l>e  accounteil  for  by  solution  alone. 
llore<»ver,  the  content  of  the  blootl  in  CO,  does  not  var>'  proportion- 
ally to  the  pi'essure  "f  CO..  in  the  surrounding  medium  in  accordance 
with  the  law  of  Henry.     Examination  of  the  blood  by  means  of 
the  gas  pump  shows  that  CO^  Ls  contained  in  lK>th  the  coipuscles 
imd  the  plasma  or  serum.    The  results  of  various  analyses  would  indi- 
jcat^  that  about  one-third  of  the  total  amount  is  held  in  the  corpuscles 
land  alKJUt  two-thirds  in  the  liquid  of  the  blood,  und,  since  the  ror- 
uscles  make  up  alx)ut  i»ne-thirii  of  the  bulk  of  the  blood,  this  fact 
would  indicate  that  the  CO,  is  distributed  uniformly  throughout  the 
ass  of  the  blood.     The  condition  of  the  CO^  in  the  blooil  may  l)e 
idered  under  three  heads:  (1)  The  part  in  solution;  (2)  the  part  in 
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combmatiou  in  the  plasma;  (3)  the  part  in  chenucsl  mm- 
in  the  corpuscles.  Regarding  the  part  in  ^^olutiun.  we  nuy 
approximately  its  value  from  our  knowledge  of  iLc  al»«rp- 
it  of  ihi^  gas  at  the  temperature  of  the  lx)dy.  AssliUii 
cm  pb.  €21.  the  calculation  would  account  for  2.6  c.c.  of  the  fu^  in 
^■k  100  rx.  of  bkxNl — that  \s,  aliout  5  or  6  per  cent,  of  the  toul 
iBHOBl  pftaB&i  in  venous  blood.  The  part  of  the  carbon  dkixid 
oombuied  in  the  plasma  is  held  partly  m  an 
cfaemMaJ  combination,  partly  in  a  more  &xe(l  form 
TWk  is  to  an*,  if  senzm  or  pl&smft  is  exposed  to  a  vacuum  only  & 
|Mi  Jkrnt  of  the  CO^  b  givm  off;  to  obtain  the  remainder,  the  M>-raDed 
§aed  CX)«,  it  b  vrnxtmrnrr  lo  add  some  acid.  (>n  the  contrary,  when 
the  vhofe  blood  (pbana  and  oorpu^*les)  is  expo^^ed  to  a  vacuum,  ai 

nif  the  body,  all  of  the  CiX  may  Ite  given  off.    la^ 
r  case  the  tenuftkibin  evident  1}^  acts  like  a  weak  acid  iaV 
op  ifafr  firm  combcnaiion  of  the  so-called  fixed  caito 
Tkt  portioa  d  the  carbon  dioxid  which  cxist.'t  in  the  fona 
pound,  breaks  up  and  giives  off  CO^  sAt&n 
«f  tins  gw  in  the  surroimding  medium  id  knr. 

19  not  entireh'  clear.     Some  of  the  CO, 
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cccnbtned  with  sodium  to  form  sodi 
An  aqueous  sohition  of  sodium  bicaf-^ 
tm  npiwl  to  a  vacuum  ^ves  off  some  of  its  CO.  and  k 
to  ife  caibonaxe.  while,  on  the  other  hand,  a  soluiko  d 
npcHnd  to  an  attDospbere  containing  CO,  takes  op 
warn  of  Ibis  ^is,  foneiag  aoAmn  bicaibonate.  The  reactioo 
tW  two  casee  may  be  expressed  br  a  reversible  equation.  ^  foUowr 

Smjco,  -  CO,  -  H/)  :z:^  2HN«a>, 


ll  has  been  saggested  that  the  respnloiy  excfaanige  of  caring 
dknid  in  the  body  takes  place  cssentialhr  acconfin^  to  this  M|tatk«. 
&perimentd  upon  aqueous  eohitaoos  of  sodium  btcarbooatc  Asm, 
hom^ytr,  tha&  diaaodatioo  with  Ebefation  of  CO,  does  not  take 
place  until  the  tanaaon  of  the  CO,  in  ihe  surTounding  metfium  iilb 
Tvry  kvw.  bwer  than  actoaOr  esdste  in  the  body.    Some  «te 
l^*poCbesa$  most  be  sought,  therefoie,  to  explain  the  m^iBg  ^  ^ 
of  the  CO,  in  the  km^.     A  supftiementaxy  hypothesis  <tf  this  cha^fl 
ae«tr  haa  been  sugsoMcd.    The  proteins  of   the  blood  have  tfae^ 
propHtT  of  tKWihining  with  the  faaiBeB  (Na.  K.  etc.  <,  and  aannal^'- 
ikMdore,  the  bases  present  mxt5t  be  divided  between  the  pMem 
Mid  tW  Mwfe  of  the  binod.     The  sodium,  for  iosctance,  wM  tuA 
parltv  in  conbiaataQti  with  the  protein  and  partly  as  scmSqid  a> 
K^Mftle  or  pteiphale.   takn^  account    nnhr  of    the   imnliBSti** 
Hi^K  the  wMkk  acMs.    When  the  tension  of  the  carboa  dbod  <* 
^^t<v«\l.  a5  happens^  for   instance,   in   the   active  tiaaea  ^ 
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^uilibrium  is  dlsturl^ed  and  some  of  the  alkali  Ls  taken  from  the 
proteins  and  coml^ines  with  the  excess  of  CO^  to  form  sodium  bicar- 
bonate. When  the  bloo<l  is  brou^jht  under  conditions  of  low  car- 
bon dioxid  pressure,  as  in  circuhttinq;  through  the  lunjp^.  the  sodium 
bicnrl»onate  dbisociates  in  part,  giving  olT  some  CO^.  Tliis  process 
takes  place  in  tiie  bloo<i  more  readily  tlian  in  a  simple  aqueous 
Sohition,  Ijecttuse  of  the  affinity  of  the  protein  for  the  base. 
Acconiin^r  to  this  Nnew,  therefore,  the  C0«  Is  carried  in  the  blood 
aus  scMlium  bicarljonate.  and  the  presence  of  the  pit>tein  and  \\s 
power  of  combinin;^  with  the  8<)dium  are  used  to  explain  the  ease 
with  whii'h  the  bicarl>onate  gives  off  CO.,.  It  should  l>e  ad<le*l 
that  this  hyiJotlicsLs  does  not  meet  with  universal  acceptance-  Bolir.* 
for  example,  contends  that  it  is  necessary  to  lussume  that  the  CO^ 
I  forms  a  (lissociable  compound  with  the  proteins  of  the  l>lood,  simi- 
lar t^)  that  which  he  lias  shown  t<i  \ie   true   for  henio^rlobin. 

The  Physical  Theory  of  Respiration. — The  physical  theor>- 
of  respiration  aiisumes  that  the  gaseous  exchange  in  the  hmgs  and 
In  the  tissues  takes  place  in  accordance  with  the  physical  laws  of 
difTusion  of  gases.     If  a  penneable  membrane  seiijinites  two  vol- 

i limes  of  any  gas,  or  two  solutions  of  any  gas  at  different  pressures, 
the  molecules  of  the  gas  will  pass  thniugh  the  membrane  in  both 
direetions  until  the  preseure  is  ecjiial  on  l»oth  sides.  As  the  excess 
of  movement  Ls  from  the  [HVint  of  higher  i)reasure  to  the  jK)int  of 
lower  pressure,  attention  is  paid  only  to  tliis  side  of  the  process, 
j^juid  we  say  that  the  gas  diffuses  from  a  point  of  lugh  tension  to 
one  of  lower  tension.  After  efpiilibrium  is  established  and  the 
pressure  is  the  same  on  both  sides  we  must  inmgino  that  the 
diffusion  is  equal  in  both  directions,  and  the  condition  is  the  same 
MS  tliough  there  were  no  further  diffusion.  In  order  for  this 
theon,'  to  hold  for  the  exchange  in  the  body  it  must  be  shown  that 
the  phyMcal  conditions  arc  such  as  it  deniantls.  Numerous  experi- 
ments have  been  made,  therefore,  to  detcnnine  the  actual  ]>ressure 
,of  the  oxygen  and  carbon  dioxid  in  the  venous  blood  as  com- 
with  the  pressures  of  the  same  gases  in  the  alveolar  air,  and 
pressures  in  the  arterial  l)lood  as  compared  with  those  in  the 
liasuee.  Although  the  actual  figures  obtainetl  have  varied  some- 
what with  the  method  use<I,  the  8i>e(*ie8  or  condition  of  the  animal, 
yet,  on  the  whole,  the  restdts  tend  to  stipport  the  physical  theorv'. 
The  Gaseous  Exchange  in  the  Lungs. — It  is  impossible  to 
determine  the  exact  composition  of  the  alveolar  air.  The  expired 
air  can.  of  course,  Ije  collected  and  analyzed,  but  obviously  this  is  a 
mLxture  of  the  air  in  the  bronchi  and  the  alveoli,  and  consequently 
has  more  ox>-gen  and  less  caHwn  dioxid  than  the  air  in  the  alveoli. 
The  probable  composition  of  the  alveolar  air  has  been  calculated  by 

•  Bohr,  in  Nagel's  *'Hamlbuch  d.  Physiol,  dee  Mciwcbcn."  1«05.  vol.  i., 
I.  p,   111. 
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Zuntz  and  Loewy  for  normal  quiet  breathing  in  the  following  wai 
The  capacity  of  the  bmnchial  tree  is  140  c.e..  and  this  air  injiy  l* 
considered  as  similar  in  composition  to  atmospheric  air.  that  i-s.  the 
insi>ii-ed  air.  A  nornuil  ex])irution  contains  oOO  c.c;  henro  thf 
alveolar  air  constitutes  only  360  c.c.  or  i^  of  ihe  entire  amount.  If 
the  expired  air  contains  4.38  per  cent,  of  CO^.  then  the  ah'eobir 
air  must  contaiji  4.3S-^.VJ  or  6  per  cent,  of  carbon  dioxid. 

O.  tn  put  the  mode  of  colculatiun  in  a  mure  geucrol  form,  lb*?  iubouiiI 
of  o.wgfn  in  the  expired  air  is  equal  to  the  amount  of  oxygen  in  the  tn»c 
ftlveofar  pnrtinn  of  tlie  expired  air  pUia  the  anioimt  of  oxygen  in  tlir  '  liiTul 
Bpaec. "  niiinely.  the  traeliea  und  brouehi.  Let  A  equal  the  volume  tA  (*tf.in-.J 
air.  f  the  percentage  of  oxygen  in  the  expired  air.  a  the  volume  of  air  m  liir 
dead  spare,  and  i  tlie  percentage  of  oxygen  in  thw  air  or  wtiat  Li  thr  jwiir 
tiling  in  the  inajjired  air.  According  to  the  alwvc  btiLtement  we  liavr  thr  fW 
lowing  equation,  A«  —  ai  -*-  (A  -  o)  .T,  in  which  x  represent*  t\w  unkiMmn 

percentage  of  oxygen  in  tlie  alveolar   air.     We  have,  iberefore,  j 

In  ordinarj-  breqthing  these  values  are  a^  follows:  A  —  500  c,c..  n  = 
e  —  16.02  per  cent.,  and  i  -■  20.tMi  jx^r  rent.   Substituting  ihew  vnl  ■ 
found  eiiual  to  14.1  |*er  cent.      Reckoni-d  in  niiUimeterx  of  nierrur 
be  <Hpial  t^  (TfilJ   <  0.141)    107.2  mm       In  i>nier,  however,  to  a^> 
true  pressure  exerted  by  the  oxygen  allowance  nni:*l  Ix*  made  for  the 
of  the  aqueoiL8  vapor.     At  the  temperature  of  the  Ixwiy  ihis^  is'  eat 


.50  mm.,  hence  the  corr»*et<Mi  at moRpheric  pressure  in  the  alveoli  Hill  l»e 
the  oxygen  in  the  alveolar  air 


or  710  mm.,  and  this  multiplied  oy  0.141  gi^-es  100  mm.  as  the 


Actual  observations  made  by  these  authors  upon  human 
in  whom  the  expiretl  air  was  analj'zed  indicate  that  the  compositi 
of  the  alveolar  air  may  vary  between  the  following  Umits:  flxyjja 
between  11  and  17  per  cent,  of  an  atmosphere:  carbon  di<ixid  be- 
tween 3.7  and  o.o  per  cent,  of  an  atmosphere. 

Loew>*  and  von  .Schrotter  have  determined  also  the  average  ten- 
fiion  of  these  gases  in  the  blood  of  man.  Their  method*  consistftl 
in  blocking  off  one  lung  or  one  lol)e  of  a  lung  by  a  metal  catheter 
inserted  tlu^ough  the  trachea.  After  the  lapse  of  half  an  hour  or 
80  the  gases  in  this  occluded  portion  !uid  reached  &n  eqiulihriuiD 
by  interchange  with  the  venous  blood  wiuch  represented  the  teuioB 
actually  existing  in  the  circulating  venous  blood.  A  j^ortionof  this 
air  was  then  withdrawn  by  means  of  a  suitable  device  and  w« 
analyzed.  Their  average  residt  was  that  in  the  venous  blood  the 
oxygen  exists  under  a  tension  of  5.3  per  cent,  of  an  atroospbcR 
(710  X  .053  ^=  37.6  mms.  Hg).  and  the  ('o,  under  a  tensioa  of  6 
per  cent.  (42.6  mnLs.  Hg).  The  phvsical  roLitions  of  prasvie 
iietween  the  alveolar  air  and  the  gases  in  the  venous  blood 
represented  as  follows : 

Alveolar  air 100  mms.  35  mm«. 

Membrane j— . ^ 

■f  I 

Venous  l>lood  ■ . .         37.6  mm.s.  42.6  mmA. 

*  Loewy  and  von  ii<chr6tter,  "  Zeitsohrift  fur  experiliMDtaQe 

und  Tberapie,"   1,   197,  1906. 
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Diffusion  must  take  place,  therefore,  in  the  direction  indicated 
l>y  the  arrows.  As  the  oxygen  passes  through  into  the  blood  it  ia 
combined  vdth  the  hemoglobin  and  it  is  estimated  that  the  arterial 
blood  as  it  floAvs  away  from  the  lungs  ia  nearly  saturateil  with 
oxj'gen,  lacking  i>erha]>H  only  1  volume  f)er  cent,  of  l>eing  completely 
saturated  (Pfliiger).  That  is,  if  the  normal  arterial  blooil  contains 
19  c.c.  of  oxygen  for  each  KX)  c.c.  of  blood,  it  is  probable  that  one 
more  cubic  centimeter  might  be  combined  by  the  hemoglobin  If 
exposed  fully  to  the  air  or  oxygen.  The  {lifference  in  tension 
between  the  rar]>on  ^lioxid  on  the  two  sides  of  the  membrane  is  not 
so  great  as  in  the  case  of  the  oxygen,  but  owing  to  the  more  rapid 
diffusion  of  this  gas  it  is  probable  that  this  difference  suRices  to 
explain  the  exchange.  In  this  matter  one  munt  iH'ar  in  mind  also 
the  ver\'  large  expanse  of  surface  offered  by  the  limgs  and  the  very 
complete  subdivision  of  the  mass  of  blood  in  the  capillaries.  Thus, 
following  a  calculation  made  by  Zuntz,  the  SLirfacc  of  tlie  human 
lungs  may  be  estimateii  at  90  s^t.ms.  or  SNX>,(XX)  sq.cms.  If  we 
assume  that  300  c.c.  of  carbon  dioxid  (5(X)  X  0.04  X  15)  are  given 
off  from  the  blood  in  a  minute  this  would  indicate  a  diffusion 
through  each  square  centimeter  of  only  0.(XH)3  c.c.  (iTnWW). 

Exchange  of  Gases  in  the  Tissues, — The  arterial  blood  passes 
to  the  tissues  nearly  saturated  with  oxygen  so  far  as  the  hemoglobin 
is  concerned,  and  this  oxygen  is  held  under  a  tension  etjuivalent 
probably  to  at  least  75  to  80  mms.  Hg.  The  carbon  dioxid  is  less  in 
quantity  tlian  on  entering  the  lungs  and  exists  umler  a  smaller 
pressure,  which  may  be  assmned  to  be  the  same  as  that  of  the  carlxin 
dioxid  in  the  alveoli  of  the  hmgs, — namely,  3.7  to  5.5  f)er  cent,  of  an 
atmosphere.  In  the  systemic  capillaries  the  hloml  comes  into 
diffusion  relations  with  the  tissues,  and  direct  examination  of  tlie 
latter  shows  that  the  oxygen  in  them  exists  under  a  very  small 
pressure,  practically  zero  pressure,  while  the  OO^  is  present  under 
a  tension  (Stnissbtirgj  of  7  to  0  per  cent.  The  high  tension  of  the 
COj  is  explained  by  the  fact  that  it  is  l>eing  formed  in  the  tissues 
constantly  as  a  result  of  their  metabolism,  while  the  low  tension  of 
the  oxj'gen  is  due  to  the  fact  that  on  entering  the  tissue  this  sub- 
stance is  combine*!  in  some  way  in  a  chemiral  compound  too  linn 
to  dissociate.  The  physical  conditions  are.  therefore,  such  as  would 
cause  a  stream  of  CO.,  from  tissue  to  blood  and  a  stream  of  oxygen 
in  the  reverse  dii-ection. 

OXTOBN.  CaBDON    DiOXZXk. 

Arterial  blood 75  mms.  35  rmiia. 

Wall  of  capillary ' "^^ — 

Y  ' 

IWuQB 0  mm.  50  to  70  tnins. 


FHYSIOWKJT  OP  RESPIRATION. 


It  is  to  be  reraeml>ei*ed  that  in  this  exchange  the  blood  ami 
the  l>Tnph  act  as  inteniiediaries.  The  CO,  diffuses  from  lymph 
to  plasma  and  from  tissues  to  lymph.  The  oxygen  diffuses  frmu 
l\Tiiph  to  tissues,  from  plasma  to  lymph,  and  from  ox>'hemf>- 
globin  to  plasma.  Bohr*  has  found  experimentally  that  in  blood, 
when  the  oxygen  tension  is  low,  an  increase  in  the  CO,  pressure  lends 
to  dissociate  the  oxyhemoglobin.  Since  these  comlitions  prevail  iii 
the  capillaries  of  the  body  it  nmy  be  that  the  mere  presence  of  the 
CO3  in  increased  amounts  facilitates  the  liberation  of  the  origen. 


■LTV  tniffl  ^1 


Suggested  Secretory  Activity  in  the  Respiratory  Exchange.— 71, ? 
view  that  the  exchange  of  pises  in  the  hings  iind  tL-wiies  U  entirrly  e\p\Aihfti 
by  the  tiifTusion  of  the  gasen  from  points  ofhigh  leiir;i<m  to  points  of  lov  tw 
sioii,  iind  that  the  niemljranes*  interposed  are  entirely  pawive  in  the  proo» 
has  not  pns!<e*l  unrhalleng;p<l.  Certain  obser\'crn  (Bnhr.  Holdnne  and 
claim  that  tho  tension  of  the  oxygen  in  the  arterial  blood  may  ho  hig 
the  prewiuru  of  oxygen  in  tho  alveolar  air.  Holir,  m«>n.f-«vtT.  in  u 
experiments muik'  upon  do^s  J  dclcnnined  l»y  calrtilrition  the  teiiAjcm  a 
within  the  surface  hiyer  of  the  lungs.  This  tension  was  found  to  viuy  trom 
35  to  105  mms.  Tlie  ten-^ion  of  the  arterial  blootl.  detenninM  at  the  laiuf 
time,  varied  from  101  to  144  mms.,  Iwing  in  every  ease  liLstincilv  liighrr  ilmn 
the  tension  of  the  oxygen  in  the  surface  layer  of  the  lungs.  If  those  fvtft 
were  fully  demoostratcS  they  would  show  tnat  the  physical  lheor>'  ontliwit 
above  in  insufficient,  and  wouhl  indicate  tlml  the  membranes  concemcd  t&k» 
an  active  part  in  the  passage  of  the  ga^'s,  exerting  poewibly  a  ^erreiory  aciivi'v. 
That  the  cells  of  tliese  membranes  might  secrete  tlie  gases  is  not  at  all  iinl^*" 
mble,  but  at  nriwent  it  fic<'mH  to  be  unnecessarj*  to  make  such  a  suppootioB 
The  resultjji  o(»tained  by  the  obwn'ers  inentiomHl  In  this  iianignipti  Tuhi-doI 
been  oorn»borut  ml  by  the  numerous  other  observers  who  nave  workcJ  m  llit 
same  fioM.  and  it  t«H*m.s  pOMtiblc  that  ihey  may  be  due  to  experimental  cnt'^ 
A  well-known  pet  of  exiwriraents  that  strengthen  this  eonelufion  I*?  I»«it 
rejxjrted  by  Wolffberg  and  by  Nussbaum§  and  lias  since  bc<*n  rfpealf*!  tn*K] 
man.  In  these  e\i)eriment.s  cme  bronchus  in  a  dog  wa^  eompletHy  bhrlu^J 
by  a  sfKH-ially  vloaignwl  lung  catheter,  so  arranged  as  to  cx'chHif  the  broiicl>i» 
and  j'et  allow  tfie  observer  to  draw  off  a  specimen  of  the  air  at  any  tin»f.  l" 
such  an  occluded  hmg  tlie  captured  air  is  in  diffusion  relations  with  the  v«k"(« 
blood  of  the  pulraonur>*  artery,  and  if  these  rolatiuits  are  maintained  lor » 
sufficient  lime  an  e<4uilibrium  phould  be  e.stabli«hed  on  the  phy-ncal  llw^. 
the  tension  of  the  gason  in  the  occluded  Itmgs  becoming  the  t^siw  an  lu 
venous  blood.  Such  waa  found  to  be  the  case.  ^VIleh  at  thv  end  o< 
experiment  air  was  dmwn  off  and  amilyzed  it  wa.»  found  to  conlnin  Hfi  . 
cent,  of  CO,,  while  the  tension  of  the  CO-  in  specimens  of  the  V'  '      1 

taken  from  the  right  heart  was  practically  identical.     If  there 
secretion  of  rO|  from  the  hmp?  one  should  have  expected  to  ohtaiti  >  iM;ti-«5 
tension  in  the  carbon  dioxid  of  the  alveolar  air  than  in  the  venous  blood. 

*  "  .SkaiHliuHvisches  Arehiv  f.  PhvsioU»gie,"  1(3,  402.  1904. 
tS<'e  Haldane  and  Smith,  "Joiirnid  of  Physiology,"  20,  497,  18%. 
J  liohr,  in  NagelV  "Handbuch  dcr  Physiologie  des  Mensehen.  1905,  vol 
|mrt  1,  p.  14(i. 

I  "Arehiv  f.  die  gcsanuntc  Physiologic, "  4,  465,  1871,  and  7,  206.  187A. 
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CHAPTER  XXXVII. 
INNERVATION  OF  THE  RESPIRATORY  MOVEMENTS, 

The  nervous  supply  to  the  respirat-on'  muscles  is  received  from 
B  numlicr  of  nen'es,  the  nervous  machinen*  being  widely  dis- 
tributed in  the  brain  and  cord.  The  nmst  iiuixirtjint  of  the  motor 
nerves  of  respiration  is  the  phrenic,  wliioh  supplies  the  diaphnip^m 
and  ori^nates  from  the  fourth  ami  fifth  cervical  spinal  nor\'es. 
The  spinal  accessory  and  l)ranches  of  the  central  and  brachial 
plexus  iimervate  the  muscles  of  the  neck  and  shoulder  which  are 
<;oncerne<l  in  inspiration:  (he  intercostals  innervate  the  miisf*les  of 
the  thonix  and  abdomen,  wfiile  brandies  of  i\iv.  lumbar  plexus  send 
fibers  to  the  muscles  of  the  groin.  Moreover,  the  facial  sends 
motor  branches  to  the  muscles  of  the  nose  and  the  vagus  supplies 
the  muscles  of  the  lar>*nx.  All  of  these  muscles  belong  to  the 
skeletal  group  and  are  under  volunliir>'  control.  I'nder  normal 
conditions,  however,  this  entire  respirator}'  apparatus  works 
rhythmically  without  voluntary'  control,  in  alteniate  inapinitions 
and  expirations,  all  the  inspirator)-  nuisi'les  contracting  together, 
and  all  the  expirator>-  muscles  together  iu  their  liiru  when  the 
expirations  are  active.  The  co-ordinated  activity  of  such  an  ex- 
tensive mechanism  is  explained  by  the  existence  of  a  respiratory 
center  in  the  medulla  oblongata. 

The  Respiratory  Center. — ^The  discovers'  of  the  location  of  the 
reepiratory  center  wjls  due  mainly  to  the  experiments  of  two  French 
physiologistH,  Ix'gallois  find  Flourens.  The  latter  placed  the 
center  in  the  medulla  at  the  level  of  the  calamus  scrriptorius,  and 
de8crit)e<i  it  as  a  very  small  area  or  spot,  which  he  rlesipnalcd  at  first 
as  the  vital  knot  {narud  vital)  under  the  nii.'^takcn  impression  that 
it  formed,  as  it  were,  a  central  or  focal  [joint  of  the  motor  SA^stem. 
It  has  since  been  shown  that  this  center,  like  the  vasomotor 
center,  is  bilateral.  If  the  methdla  is  cut  through  in  the  miil- 
line  the  respirations  may  proceeii  in  a  normal  manner.  The  center 
consists  of  two  parts,  each  connected  primarily  with  the  muscula- 
ture of  \tsi  own  side.  FCach  half  occupies  an  area  that  lies  some 
distance  lateral  to  the  mid-line  and  beneath  the  floor  of  the  medulla 
at  the  general  level  of  the  calamus.  Accortiing  to  Gierke,*  the  area 
extends  in  rabbits  from  a  |)oint  3  or  4  nmis.  in  front  of,  to  a  j>oint 

•Oierke,  "  Archiv  f.  diogesammte  Phvsiolofrie,"  7,  583,  1873;  and"On- 
tnilblalt  f.  d.  med.  Wiasenscbaften/'  No.'  34,  1885. 
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2  or  3  mms.  posterior  to  the  calamus.  No  especial  group  of  cell* 
can  be  found  in  this  region  sufficieutly  scjmmte*!  auatomically  to 
make  it  probable  that  they  constitute  the  center  in  question.  IIk- 
r^on  has  been  delimited  by  vivisection  cxperimenla  only,  and, 
according  to  Gierke,  corresponds  in  location  to  the  position  of  the 
solitan'  bundle  (tractus  solitarius).  According  to  xMislawskT* 
it  lies  near  the  mid-line  in  the  formatio  reticularis,  while  Gadt  gives 
it  a  relatively  large  area  in  the  lateral  portion  of  the  fomuitio 
reticularis,  the  continuation  into  the  medulla  of  the  lateral  horn  of 
the  gray  matter  of  the  coni.  Destruction  of  these  areas  or  section 
of  the  cord  an>'wherc  between  this  region  and  the  origin  of  the 
phrenic  nen'e  cuts  off  the  respirator>'  movements,  except  those  of 
the  noee  and  lar^iix.  and  causes  death.  The  rapid  death  from 
injuries  to  the  cord  or  medulla  in  this  region — from  hanging,  for 
instance — is  explained  by  the  effect  upon  the  respiraton*  center 
or  its  connections. 

There  is  no  doubt  that  the  respiratorv  ceut«r  in  man  occupie»  the  suit 
general  poeition  as  in  the  other  mammals.  There  is  on  record  a  case{  in 
which  t«ec'tioiuf  were  made  of  the  medulla  in  a  new-lx>ni  infant.  On  Mv&y 
it  was  necfe^an-'  to  puncture  the  cninium  aiui  remove  the  brain.  Therhil'l 
still  hvwl  and  the  medulla  way  cut  a4'n_it»  with  scissors.  A  Fetiinn  at  the 
pos^tenor  end  of  the  cahuiius  stopped  the  respirations  iiuweduitely,  v\^ 
one  somewhat  anterior  hod  failed  to  have  this  effect. 


\ 


The  general  idea  of  the  connections  of  thb  center  with  the  rcspir- 
atorv'  muscles  may  be  described  as  follows:  The  respiraton'  fibers 
arising  in  the  center  pass  dowTi  the  cord,  probably  in  the  aula*- 
lateral  columns,  and  end  in  the  gray  matter  of  the  cord  at  the 
different  levels  at  which  the  motor  nuclei  of  the  respirator}*  nerw 
are  situated.    Whether  the  connection  between   the  respiratorr 
center  and  the  spinal  motor  nuclei  is  made  by  one  or  by  a  series  of 
neiuons  is  not  known,  but  we  may  assert  that  the  ner\*e  path  frotR 
the  respirator)'  center  to  the  respirator)'  muscles  must  be  compoee*^ 
of  at  least  two  neurons.     AccorcUng  to  this  conception,  the  impu! 
of  inspiration  and  expiration  for  the  entire  respirator)'  mechani^*^ 

originate  in  the  medullary  center  and  are  thence  distributed  in * 

co-ordinated  way  to  the  lower  motor  centers  in  the  cord,  or,  in  t 
case  of  the  nose  and  lar)nix.  to  tJie  motor  centers  of  the  vagus 
facial. 


spinal    Respiratory    Centers.  —  At    different    times    various   RUth< 
(Brown-S^uard,  Langen<]orfF,  et  ai)  have  insisted  that  there  exiiit  one 
more  spinal  respirator>'  renters,  and  that  the  tnedullary  center  ha^  not 
commanding  imnorlaiife  indicated  in  the  above  den'riptton.     The  fact  tl 
when  tlie  metlulla  or  cenical  cord  l»elow  the  meiUiUa  is  rnt.  the  animal        ^ 
once  ceuf*es  to  breathe  is  explained  by  these  authore  on  the  assumption  tfc-'^ 

•Mislawskv.  "Cenlralblatt  f.  die  med.  Wiseenschaften,"   No.  27,  I 

tOad,"Archiv  f.  Phvsiologie."  1803.  p  75. 

jSee  Kelirer,  "  Mouatshefte  f.  yrakt.  Dermatol./'  28,  450,  1892. 
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the  operation  muses  a  proIouKod  inhibition  of  the  underlying  spinal  centera. 
Thev  state  that  youn^  aiiiniaLi,  ewiiecially  if  made  hypenrritable  by  the  in» 
jeclion  of  strycliuiu,  niay  continue  to  breulhe  after  set'tiun  of  the  cord  below 
the  medulla.  Tliia  point  of  view,  however,  has  not  prevailed  in  pliy biology. 
Other  operations  on  the  conl  or  brain  are  not  aiieudcd  by  tsucn  profound 
inhibition,  and  intleod  Porter  aud  Muhlljerg  have  sliown*  that,  if  lialf  of  the 
cord  alone  is  rut,  the  mo\'enient»  of  the  diaphragm  on  that  side  are  ncrmanently 
paralyzed.  It  is  entirely  oonreivable  that  under  exceptional  conditions 
the  lower  neurons,  the  direL-t  motor  centers  of  the  respiratory  nuisdes,  uiipht 
be  nia<!e  to  act  rhythmically,  since  during  life  they  nave  been  rh>'thniically 
atimuluteti  from  the  me*hiUary  center;  bat  the  evulence  at  prer*ent  is  alto- 
gether ogaiiiHt  any  dit^tinct  phyMiolugieal  iude]>cndenco  on  the  part  of  these 
neurorit). 

The  Automatic  Activity  of  the  Respiratory  Center. — ^The 

constant  activity  of  the  respiratory  center  tliraughout  life  suggestB 
the  question  as  to  its  auU>inaticity.  Is  it  automatic  like  the  heart? 
That  is,  are  the  stimuli  [lischarged  from  it  protluced  within,  its  own 
cells  as  a  result  of  its  own  metabolism  under  the  normal  con(iitions 
of  circulation?  Or,  on  the  other  hand,  i.s  it,  like  most  of  the  motor 
nuclei  of  the  central  nervous  system^  only  a  reflex  cent4?r,  its  motor 
discharges  \mn^  dependent  upon  impulses  received  fnun  other 
neurons  by  way  of  the  sensor)'  jiaths?  (Hiviously  the  only  way  to 
answer  such  a  fpie.Htinn  directly  is  to  isolate  the  center  from  all 
afferent  paths  and  leave  it  connected  with  the  nispiraton'  muscles 
only  by  motor  nerves.  If  under  such  conditions  the  respiratory 
rhythm  continues  the  center  may  be  reganled  as  essentially  auto- 
matic, however  susceptible  it  may  be  to  reflex  influences.  A  close 
approximation  at  least  has  been  made  to  such  an  experiment. 
Rosenthal  finds  that  rhythmical  re.spirator>'  movements  continue 
after  the  following  operations:  first,  section  of  the  brain  at  the  cor- 
pora qua(iriKeuiina  to  cut  off  inflitenres  from  the  cerebrum,  tliala- 
raus,  and  midbrain;  second,  section  of  the  yagi,  to  shut  off  afferent 
impulses  from  the  \iscera,  especially  from  the  lungs;  tliird,  section 
of  the  cord  at  the  seventh  cer\ncal  vertebra  to  exclude  sensory 
influences  through  all  the  underlying  posterior  roots;  and,  fourth, 
section  of  the  irasterior  roots  of  the  eendcal  spinal  nerves.  The 
medulla  with  its  respiratory'  center  was  thus  isolated  from  all 
afferent  impulses  except  such  as  might  enter  through  the  fifth, 
seventh,  eighth,  and  ninth  cranial  nerves.  Since  under  these  con- 
ditions the  ccntor  continued  to  act  rhythmically  we  may  draw 
the  probable  conclusion  that  it  is  essentially  automatic,  and  that 
it  probably  posse-sses  an  intrinsic  rhythmical  activity  resembling 
that  of  the  heart- 
Reflex  Stimulation  of  the  Center. — According  to  the  restdta 
of  numerous  ol>ser\'ers,  stimulation  of  any  of  the  sensor>'  ner\'es 
of  the  bo<ly  may  affect  the  rate  or  the  amplitude  of  the  respirator^' 
movements.    This  experimental   result  is  confirmed  by  our  own 

♦  "  American  Jounial  of  Phymology, "  4,  334,  1900. 
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experience,  since  everyone  must  have  noticed  that  the  respirator) 
movements  are  readih'  affected  by  strong  stimulation  of  the  cutane- 
ous nerves — a  dash  of  cold  water, 
for  example — ^as  well  as  through 
tlie  nerves  of  sight  and  hearing. 
In  addition,  emotional  states  are 
apt  to  Ixj  accompanied  by  notice- 
able changes  in  the  respirations, 
and  coiTcsponding  to  tliis  fact 
experiment  shows  that  stimula- 
tion of  certain  jjortious  of  the  cor- 
tex aiul  midljniin  gives  distinct 
effects  ujMJii  the  respirator)'  cen- 
ter. ^\'e  must  assume,  therefore, 
that  this  center  is  in  connection 
with  the  senBori'  fibers  of  per- 
haps all  of  the  cmnial  and  s|:)inal 
nerve's,  nml  is  influenced  also  by 
intnit'cntnil  imtlis  passing  from 
cerebrum  to  methdla,  paths  which 
are  eflferent  as  regards  the  cere- 
bnmi,  but  afferent  as  regards  the 
me<iulla.  As  stated  al)ove,  the 
effect  of  these  sensor>^  nerves 
upon  the  activity  of  the  respiratory  center  is  varied;  tin   ...u  ..ui>' 


riK-    -■'*'•- — To    ^Jl(JW 
lion  fti  ibe  rtf-piratory  m.-' 
by  siiinulstii.n  of  llie  (^m 
pvriritmit  U}»>n  a  nbbil. 


T-Ir,  1'-'"'  —  i  .  ■.  -h.  ^«  '  I'-  iriiiit'  -I'll  "I  •'•if  i«'-pJMit/iry  movenu'.-ii  -  sn  '\  riKt-iI  •lo« 
sttniulatiot)  tif  the  ceiitrul  end  uf  Uie  va^ui*.  The  respiratory  mavcmentj  in  Uw  ta 
before  and  ftfter  Mimtilation,  were  foreed,  owinc  to  the  fact  thkt  both  Tmci  war*  cut. 

be  changed  together  with  an  increased  or  decreased  amplitude,  tl 
inspirations  and  expirations  may  each  be  increased,  or  one  p 
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may  be  affected  more  markedly  than  the  other.  In  general,  how- 
ever, experimental  stimulation  of  a  sensorj'  nerve  trunk  wiiich  con- 
iidns  cutaneous  fibers  gives  one  of  two  effects:  either  a  stinuilatiii^ 
action,  manifested  by  rjuicker,  stnuiger  iiuHi/initions  and  active  ex- 
pirations, or  an  inhibitor)'  effect,  in  which  the  respirations  cease 
altogether  or  l»ec{»nie  slower  and  more  feeble  (Figs.  255  and  256). 
If  in  this,  as  in  other  similar  cases,  we  assume  that  the  two  oppo- 
site efTe<;ts  are  pnnluced  by  different  nen'e  fil)ers  we  rnay  speak  of 
aenflon*  fif)on)  which  have  a  stijuulating  or  augmenting  effect,  and 
of  those  that  hjive  an  inhibiting  inlluence  tm  the  center,  or  following 
the  terminolog>'  usc<i  in  the  case  of  the  vasomotor  center,  we  may 
speak  of  respiniton*  pressor  anci  respiration*  depress<jr  fil>ers.  It  is 
quite  probable  that  these  lil)ers  have  other  functions, — that  is,  they 
are  not  distributed  exchisively  to  the  respiratorA*  center.  A  cuta- 
neous fiber,  which  through  its  central  chain  of  neurons  eventually 
ends  in  tlie  cortex  cerebri  and  gives  us  a  sensation  of  pain,  may 
by  collateral  connections  affect  aLso  the  medullar^'  center  and  pro- 
duce effects  upon  the  heart,  blood-vessels,  and  respiratiorts. 

The  Special  Relations  of  the  Afferent  Fibers  of  the  Vagus 
to  the  Center.— Although  the  sensorv*  ner\'e3  in  general  exert  a 
reflex  effect  upon  the  respiratory  center,  experimental  work  has 
shown  that  the  serLsor>'  fibers  distributed  along  the  respiratory 
passages  from  the  anterior  nares  to  the  alveoli  have  a  specially 
important  relation  to  this  center.  This  fact  is  most  clearly  sliown 
in  the  case  of  the  sensory  fibers  of  the  vagus,  wliich  are  distributed 
to  the  lungs  themselves.  If  the  two  vagi  are  cut  in  the  neck  the 
ref5pinitor>*  movements  are  at  once  altered  in  character;  they 
show  a  much  slower  rhythm  and  greater  amplitude  (Fig.  257). 
The  iitspirations  esi^ecially  are  deeper  and  longer,  with  something 
of  a  pause  at  the  end.  WTien  only  one  vagus  is  cut  an  interme<liate 
effect  may  l»e  obtained,  the  respiratorv-  movements  may  be  slowed 
ewhat  and  slightly  (!eei>ene^l;  but  the  striking  effect  in  observed 

y  after  section  of  U)th  nerves.  This  result  is  not  a  temporary 
one  due  to  the  stimulation  of  cutting,  but  is  permanent,  and  there- 
fore leads  to  the  conclusion  that  some  influence  has  been  cut  off 
which  normally  keejjs  the  reH[)iratory  movements  at  a  more  ni]»id 
rate.  Experiment  has  shown  that  this  influence  consists  in  the 
tonic  action  of  sensory  fillers  containe<l  in  the  vagus  and  distributed 
to  the  lungs.  It  is  the  constant  effect  of  these  fil>ers  on  the  rei?pira- 
ton'  center  which  maintaias  the  normal  rhythm;  when  they  are 
severed  the  center  dro|>s  into  a  slower,  unregulated  rhytlun.  Ex- 
periment has  shown,  also,  that  when  the  central  stump  of  the 
di\'ided  vagus  is  stimulated  artificially  the  respiratory*  center  is 
affected,  as  imUcatcfl  by  the  respirator>*  movements,  in  a  variety 
of  ways  which  de])end  upon  the  strength  of  the  stimulus  and  the 
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condition  of  the  center.  The  two  results  which  are  most  constantly 
olitiiiiietl  nml  which  may  therefore  }ye  especially  emphu^zed  areas 
follows;  first,  with  weak  stinmli  the  inspiratory  movements  are  in- 
hibited partially  or  completely,  giving  either  smaller  movements  or, 
in  a  condition  of  narcosis,  complete  cessation  of  respirations,  with 


He.  3S7.— Td  Acm  tbe  effect  at  KctiuD  fd  tfa*  vi«a 
(nbfait).     Tbe  risbt  vmu*  vmi  cat  mt  x        ' 
a  (to  »miBMit8^  Tbe  wt  rwmn  was  rm  ml 
to  — chawwial  atiailstioaV  mhtA  «m«  Uhen  fo41o«ed  by  Ibe  «7*«eal 

cvodilioM.— (OswKM. ) 


the  thorax  in  the  stage  of  passive  expiration  (Fig.  2S6).  ocv 
the  rate  of  the  inspiraton'  mo%'ements  may  be  ineicaae 
may  entl  finally  in  an  inspiiaton-  stamlstil]. — that  is,  the 
movenieuts  cease  with  the  chest  in  an  inspiratonr  postaoa  (Tie.  SB), 
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INNERVATION  Or  THE  RESPIRATORY  MOVEMENTS. 

uli.  and  haa  le<l  to  much  difference  of  opinion  amonc  investi- 
gators.* The  two  main  effects  flesrrihed  alM>vp  arc  usually  intei 
pretcii  to  mean  that  tiie  vatru.s  contains  two  kinds  of  sensory  fibers 
u-hirh  are  dihtribuled  to  ihe  lun^  and  act  nonnally  on  the  respira- 
tor>*  renter.  Tliese  are:  (I)  The  inspirator^'  fibers,  whose  effect 
is  to  increase  the  rate  of  inspiratory  discharRe  from  the  i-espiratoi 
renter:  therefotv  to  c^iicken  tlie  rate.  (ID  The  expiraton,-  0 
inspirator\-  in!iil>ilinK)  fillers,  whose  effect  is  to  inhil)it  the  inspira- 
tory* dLscharpex.  parliaUy  or  completely.  Some  authoi-s  find  it 
simpler  to  assume  only  one  kind  of  sensor\'  fitier  and  to  explain  the 
<lifferent  results  by  a  diffeivnce  in  the  nature  of  the  stimuUis  or^ 
in  the  condition  of  the  center;  but  it  seems  advisable  at  pi-esent,^ 
in  accordance  with  the  doctrine  of  specific  nerve  energies,  to  hold 
lo  the  \'iew  of  two  varieties.  h 

Influence  of  the  Inspiratory  and  the  Inhibitory  Fibers  of^ 
the  Vagus  on  the  Normal  Respirations.— It  is  assumed  that 
these  two  seta  of  fii)ers  are  in  con.stant  activity  and  keep  the  r&- 
«pirator>'  rat«  more  rapid  than  it  would  be  othenvise.    Hence  theH 
slowing  and  deepening  of  the  respirations  when  the  vagi  are  cut. 
The  way  in  which  these  sensorv  fil>ers  are  stimulate?*!  nonnally  was 
referretl   by  Hering   and  Breuer  to  the  alternate  exiwnsion  and 
collapse  of  the  lungs.     Each  inspiration  stimulates  the  inhibitory^ 
fibers  in  consequence  of  the  expansion  of  the  lungs,  and  thus  cut0|| 
ehort  the  inspiration,  prematurely,  as  it  were.    So  at  each  expira- 
tion the  collapse  of  the  hmgs  stinudates  the  in.spirator>'  fibers  and 
brings  on  an  inspiration  sooner  than  woukl  otherwise  occur.     la^ 
this  way  the  respiratory  rate  is  kept  automatically  at  an  accel-" 
erated  rhythm.    A  stimulation  of  the  senson'  fillers  as  a  result  of 
expansion  of  the  lungs  is  cAsy  to  comprehend  and,  indeed,  it  has 
been  demon.strate<l  by  showing  that  with  each  ex|3ansion  an  action 
current  may  l)e  obtained  in  the  vagus  by  means  of  the  galvanometer 
or  capillar)'  electrometer.     But  tiiat  the  nornml  collapse  of  the 
lungs  also  acts  as  a  mechanical  stimulus  to  a  different  set  of  nerve 
endings  is  not  such  a  i)robable  hypothesis,  and  most  physiologists 
believe  that  it  is  not  necessary  to  adopt  it, — at  least  for  normal 
respirations.     Head   and  also   Schenck   have   shown  that  with  a 
certain  extreme  extent  of  collapse  evidence  may  be  obtained  of  a 
stimulation  of  the  inspirator)-  fil>ers.    We  may  assume,  with  Gad, 
that  the  normal  rate  of  respirations  is  maintained  by  the  action 
of  the  inhibitory  fillers  alone.     Each  inspiration  is  cut  short  by 
the  mechanical  stimxilation  of  these  fibers,  but  on  the  collapse  of 

♦For  discuwion  and  literature  see  .Mehzer,  "Archiv  f.  Phv^iologie," 
1892  p.  340:  also  "New  York  Medical  Journal.  "  Januan-  18,  1890.  Lfr 
vandowftky,  "Archiv  f.  Physiologie,"  1806,  pp.  195  and  48^. 
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the  lungs  the  new  inspiration  is  due  to  a  normal  discharge  from  the 
inspimLory  center. 

Loewy*  has  showii  by  an  ingenious  experiment  tliat  the  expansion  of 
the  lungs  w  the  factor  that  actually  stimulates  the  senaorj'  fillers  anil  qui<'kens 
the  respiratory  rate,  as  follows:  An  animal  was  mmie  to  breathe  pure  oxypen 
for  a  wnile  t(»  (UBi)lace  the  nitrogen  in  the  alveoli.  The  chest  on  one  aide — 
twiy,  the  ri^hl  side — was  tlien  opened  witli  the  result  lliat  the  lung  collajwe*!, 
and,  owing  to  the  rapid  abaorpliori  of  the  oxygen,  soon  became  praotically 
soUd.  The  rwspiraiionss  (rabbit)  showtni  their  nonnal  rate — 06.  Tlie  vuinia 
nerve  on  the  left  side  was  then  cut  and  immediately  the  respirations  took 
on  llie  character  unUiiily  i^liown  when  Iwth  vn^  are  pevercd.^rpspirutions 
*=*M.  Next  ttie  collapsed  right  lung  wa.s  expanded  by  artttici:d  respiration, 
with  the  result  that  the  respiratory  rate  at  once  returned  to  nonnal. 

Respiratory  Reflexes  from  the  Larynx,  Pharynx,  and  Nose. 

— The  mucous  nienilnime  of  the  larynx  receives  its  senson"  fibers 
from  the  superior  lar>Tige-al  nerve.  When  this  nen'e  is  stimulated 
artificially  the  respirations  are  always  inhibited;  the  chest  comes  to 
rest  in  the  [x>sition  of  passive  expiration.  'J'he  same  effect  may  be 
obtained  from  the  sensory  fil>ers  of  the  glossophan^ngeal  supplying 
the  phaPr'nx,  and  indeed  a  temiKiran-  inhibition  of  respirations 
occurs  throuf^h  tfiis  nerve  during  ever>'  act  of  swallowing.  The 
sensory  fibers  of  the  nasal  mucous  membrane  (trigeminal)  cause  a 
similar  reflex  inhibition  when  stimulated  by  injuriotxs  or  so  called 
irrespirable  gases,  such  as  HO,  CI,  NH,,  SO,,  etc.  We  may  r^ard 
this  inhibitor)'  influence  exerted  by  the  senson*  fibers  distributed 
along  the  air  passages  as  a  pn^tective  reflex  which  guanU  the  limgs 
automatically  from  injurious  gases.  This  jjrotective  action  is 
made  more  e\ident  by  the  fact  that,  together  with  the  cessation  of 
respiratitJiis,  the  glottis  is  refle^xly  closed  by  contraction  of  the  ad- 
ductor nmHcles  and,  if  the  Ktiinulatiun  is  strong,  even  the  bronchial 
nuistMilature  may  be  contnv^ted,  so  that  in  every  way  the  passage 
to  the  alveoli  is  made  more  difficult.  The  reflex  is,  of  course,  more 
or  less  temixfrar>',  but  it  jx>ssesscs  the  great  advantage  of  being 
automatic,  and  may  enable  the  animal  or  indivitiual  to  escape 
imhanned  from  a  dangerous  locality  l>efore  the  increasing  irritabil- 
ity of  the  respiratory  center  breaks  tlirough  the  inliibition.  In 
special  cases  the  inhibition  may  last  for  an  unusually  long  time. 
Thus,  Fredericq  states  that  in  acpiatic  birds  water  allowed  to  flow 
over  the  l>eak  so  as  to  penetrate  sliglitly  into  the  nostrils  brings 
about  an  iiihiljition  of  respirations  for  many  minutes.  There 
would  seem  in  this  case  to  lie  a  sf)ecial  adaptation  of  the  reflex  to 
the  needs  of  tliving.  We  know  also  that  irritating  gases  or  foreign 
iKxlies  of  any  sort  that  enter  the  larynx  may  leatl  to  a  coughing 
reflex, — that  is,  to  a  series  of  expiratory  blasts  wliich  have  a  pur- 
poseful end  in  the  expulsion  of  the  stimulating  ol>ject.     In  this  case 

*  ''Archiv  f.  die  gesammte  Physiologie, "  42,  273. 
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there  is  not  simply  an  iiihiliition  of  the  inspirator}'  movements, 
but  a  reflex  excitation  of  a  i>eruliar  type  of  expiratory  movements. 

The  Voluntary  Control  of  the  Respiratory  Movements. — 
We  can  control  the  respirator}'  movejneiit,s  within  wide  lijiiits.  make 
forced  or  feeble  inspirations  or  exjjirations,  accelerate  the  rhythm, 
or  completely  inhibit  the  respirations  in  any  phase.  If,  however, 
the  "breath  is  held/' — that  is,  if  the  resj)irator>'  movements  are 
inhibited  and  the  glottis  is  closed,  the  increasing  irritability  of 
the  respiraton*  center  eventually  breaks  through  the  vr»luntar\' 
inhibition.  How  far  this  voluntary  control  is  Ijased  u|x»n  direct 
connections  l>etween  the  cerebrum  and  the  respirator}'  center  and 
how  far  it  depends  upon  vohmtar}-  jjatlis  to  the  separate  spinal 
nuclei  of  the  mtiscles  involved   camiot   i)e  discussed   profitubJy, 

The  Nature  of  the  Respiratory  Center. — The  respiratory 
center  localetl  in  the  medulla  oblongata  might  with  more  propriety 
be  designateii  as  the  ins[>irator>'  center.  Uur  normal  respirations 
throughout  life  consist  of  an  active  inspiration  and  a  passive 
expiration.  It  is  the  co-ordinated  activity  of  the  inspiraton- 
muscles  that  is  characteristic  of  the  resi>iraton'  movements,  'i'he 
expirator}'  muscles  come  into  action  only  occasionally  and  under 
special  conditions.  It  is.,  in  reality,  incorrect  to  speak  of  the  normal 
respirations  tis  consisting  of  alternate  insjnrator}'  ami  exj>initor}* 
movements;  as  a  matter  of  fact,  they  consist  of  rhytlunical  in- 
8|uratar\'  movements  alone.  So  also  when  we  liescribe  the  respira- 
tory center  as  essentially  automatic  we  refer  only  to  the  action  on 
the  inspirator}'  muscles,  since  a  series  of  active  inspimton'  move- 
ments is  the  essential  feature  of  respiration.  I'nder  certain  con- 
ditions, however,  we  do  have  rhythmical  expiratory  movements, 
active  expirations.  Sucli  movements  may  occur  independently 
of  the  respirations  proper,  as  in  eougliing  and  laughing,  or  in  the 
stniining  movements  of  defecation,  micturition,  and  parturition; 
or  they  may  occur  as  an  integral  part  of  the  ivsjjirations,  as  in  the 
forced  movements  of  dyspnea.  L'nder  the  conditions  of  partial 
suffocation,  for  instance,  as  the  bIoo<i  becomes  more  and  more 
venous  the  respirations  increase  in  force  and  active  pxpimtions 
appeJir.  It  liecomes  a  question,  therefore,  as  to  tlie  existence  of 
what  might  l>e  calliMl  an  expiratory  center,  a  group  of  nen'e  cells 
controlling  the  co-ordinated  activity  of  the  expiratory  nuisclee. 
The  mere  fact  that  in  dyspnea  we  have  a  rhythmical  and  co-ordi- 
nated activity  of  these  muscles  seems  to  imply  the  existence  of  such 
a  center,  but  there  is  no  definite  exjierimental  knowledge  as  to  its 
location.  Assuming  that  there  is  such  a  center,  it  may  be  believed 
that  it  exists  in  the  medulla,  since  after  section  below  the  medulla 
there  is  no  evidence  of  the  occurrence  of  rhythmical  expiratory 
movements  even  in  extreme  conditions  of  venosity  of  the  blood. 
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The  expirator>-  center  may  or  may  not  \ye  hcMed  in  the  same 
region  as  the  inspirator}'  center,  but  the  following  general  chaiv 
acteristics  may  he  assigned  to  it:  In  the  first  place,  it  is  not  auto- 
matic; at  least  not  under  normal  conditions.  In  the  second  plac( 
its  activity  must  be  dependent  in  some  way  upon  that  of  tlie  in- 
epirator>'  center.  Even  our  most  violent  respiralon'  movemeni 
show  an  orderly  sequence  of  inspiration  and  expiration, — and  wi 
may  believe  that  the  action  of  the  cxpiraton*  center  is  conditions 
by  the  previous  discharge  of  the  inspiratory  center,  just  as  in  the 
heart  the  beat  of  the  ventricle  dejx^nfls  upon  the  previous  8>'stole 
of  the  auricle.  That  an  active  expiration  is  not  caused  reflexly  by 
the  meclianical  expansion  of  the  lungs  seems  to  be  demonstrated 
by  the  fact  that  the  most  forcible  vohmtar>'  inspiration  is  followed 
by  a  passive,  not  an  active  expiration.  Until  our  knowledge  is 
■extended  by  further  experimental  work  we  may  consider  the  ex- 
pirator>'  center  as  a  group  of  cells  connected  by  definite  paths  with 
the  expirator)^  muscles  and  capable  of  l>eing  stimulated  in  one  of  at^ 
least  foiu"  general  ways:  (I)  In  special  reflexes,  such  as  coughing.^ 
(2)  By  voluntary-  control  from  the  cerebrum,  as  in  straining.  (3) 
By  stimulation  through  afferent  filers  from  the  skin,  esi>ecblly  the 
pain  fibers.  (4)  By  the  action  of  an  increased  venosity  of  the  blood- 
Under  the  latter  two  conditions  it  is  possible  that  the  irritability 
•of  the  center  is  so  increased  that  it  becomes  responsive  to  the  in- 
fluence of  the  inspirator)'  center.  The  relations  of  the  iaspiratoi 
and  expirator>'  centers  under  the  various  conditions  of  arlificii 
fitimulation  arc  veri'  comj^lex,  and  although  it  is  j>ossible  to  rep-] 
resent  these  relations  more  or  less  (•onij)leteIy  b\'  schemata  of  soi 
sort  it  does  not  seem  advisable  at  present  to  seriously  considt 
such  hypotheses. 

The  Accessory  Respiratory  Centers  of  the  Midbrain. — Several  obsener* 
h&ve  called  ntleutioii  to  tlie  existence  of  a  iHwsihle  acfcsson,-  respiratory  ccnler 
in  the  miilhruin  at  the  level  of  the  po-stcrior  coUirulii-^.     Martin  and  Hooker 
found  lliat  stiinuUitioiis  in  thi'*  rej?ion  causeKl  a  marked  ii»rrea»e  in  the  rale 
of  inspirntor>'^  niovemeiit'*  ami  futaliy  a  •^.aruLstill  in  in.Kpiration, — that  ia> 
a  roniplete  tetiuiic  contraction  of  tlie  iiijipiratory  nniscle*^  ia.-^lin(;  diirinp  tli 
£tiinn!ation.*      I^wandowskyt  has  sliomi  that  section  of    tlie  I»nun  Mei 
at  or  l>elo\v  the  inferior  collicnli  rausCM  an  alteration  in  tlie  respirator}'  rhvtlii 
.similar  to  tliat  following  section  of  both  va^i.     After  cutting  through  ll 
inferior  coUiculi  further  sections  more  posterioriy  do  not  add  to  the  effect 
He  considers  that  there  is  an  automatic  inhibitor^'  center  in  t)ie  midhraj' 
M'hich  influences  continually  the  automatic  activity  of  the  medullar>'  center. 


The  Nature  of  the  Automatic  Stimulus  to  the  Respiratory 
Center. — We  have  accepted  the  ^^ew  that  the  respirator)'  (inspira- 
tory) center  is  essentially  automatic,  although  very  sensitive  to 

•Martin  and  Booker,  "Journal  of  Physiology,"  1,  370,  1878. 
fArxJiiv  f.  Phy^ologie,"   1896,  489. 
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reflex  stimulation.  The  further  question  arises  as  to  the  nature  of 
the  automatic  stimulus.  Inasmuch  as  the  activity  of  the  center 
controls  the  gaseous  exchanges  of  the  blooti,  it  was  natural  (perhaps 
for  physiologists  to  look  to  the  gase^  of  the  blood  for  the  origin  of 
the  internal  stimulus.  Experiments  show  beyond  question  that 
the  condition  of  the  gases  in  the  blood  has  a  direct  and  marked 
influence  upon  the  activity  of  the  center.  If  for  any  reason  the 
blood  supplying  the  center  becomes  more  venous,  the  respirations 
are  increased  in  force  or  rate  or  both,  and  indeed  the  acti\ity  of  the 
center  is  in  a  general  way  increased  in  proportion  to  the  venosity 
of  the  blood.  On  the  other  hand,  if  the  blood  supplying  the  center 
ia  more  arterialized  than  normal,  by  active  ventilation  of  the  lungs, 
for  instance,  tlie  center  acts  nn^re  feebly  or  may  fail  to  act  altogether, 
ginng  the  condition  known  as  apnea.  These  facts  may  be  accepted 
as  completely  demonstruted.  but  they  do  not  go  far  enough.  When 
we  speak  of  the  aiierial  blood  l>eing  more  venous  than  normal  we 
mean  tliat  it  contain.^  less  oxygen  and  more  carlx)n  dioxitl  than 
nonnal  arterial  blr>od.  Which  of  these  conditions  serves  to  stimulate 
the  center,  and  which  may  l)e  regHrde<l  as  the  constant  stimulus 
throughout  life?  The  three  possible  views  have  l)een  defended: 
(!)  That  the  normal  stimulus  is  ti  Itick  of  sufficient  oxygen  (Rosen- 
thal). When  sulHcient  ()  is  sup[>ried  the  center  ceases  to  act, 
becomes  apneic.  (2)  That  the  nonnal  .stimulus  is  the  presence  of 
on  excess  of  COj  (TraubeV  When  this  excretion  is  quickly  re- 
move<l  the  center  ceases  to  act, — l>ecomes  apneic.  (3)  It  is  possible 
that  the  two  factors  may  co-operate.  The  l)lood  thnt  Hows  through 
the  center  may  stimulate  the  cells  by  virtue  of  the  fact  that  it  does 
not  remove  the  CO^  fast  enough  and  does  not  supply  sufficient 
oxygen.  Much  evidence  has  lieen  collected  to  show  that  the 
action  of  the  resp!rator>'  center  is  increased  when  the  ten.sion  of  the 
00,  in  the  blood  is  raised  without  altering  that  of  the  oxygen  and 
that  a  similar  result  is  obtained  if  the  tension  of  oxygen  is  greatly 
diminished  without  any  change  in  that  of  the  carbon  dioxid,  so 
that  it  must  be  admitted  that  a  change  in  either  factor,  if  suffi- 
ciently great,  acts  as  a  stimulus.  ExperimentSj  however,  have 
indicated  that  the  accumulation  of  the  CO,  is  the  more  efficient 
stimulus  of  the  two.*  Zimtz  reports  the  following  interesting 
experimentsS,  in  which  the  extent  of  the  respiratory  movements  waa 
measured  by  the  amount  of  air  breathed  in  a  minute.  In  one  scries 
the  amount  of  oxygen  in  the  air  breathed  was  retluced.  This  change 
did  not  affect  the  quantity  of  carbon  dioxid  in  the  blood,  l^e 
following  results  were  obtained: 

♦See  Zuntz.  "Archiv  f.  Physiologie."  1897,  379.   See  ulso  Friedlfi-uder 
Herter,  "Zeit.  f.  physiol.  Ch'emie,"  2,  99,  and  3,  19. 
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Normal  air volume  breathed  per  minute  =  7^25  to  9,000  r.t 

Air  witli  10  to  11.5  per 

cent,  oxygen *'  "  "         "       =  8,166  to    9,428  - 

Air  with  8  to   10   per 

wut.  oxygen "  "  "        "       =  9,093  to  IZSin  *' 

A  reduction  of  one-half  of  the  oxygen  in  the  air  breathed  had  little 
effect  upon  the  respiratioas.  From  our  present  standpoint,  hrw- 
ever,  the  important  thing  h\  not  the  amount  of  oxygen  in  the  air, 
but  the  amount  in  the  blood.  Paul  Bert's  experimenta*  upon 
living  animals  indicate  that  when  the  oxygen  of  the  mr  L?  reduced 
by  a  half  the  amount  of  oxygen  in  the  blood  is  diminished  by  about 
one-third.  Assuming  this  to  \ye  correct,  it  is  e\ident  that  ft  very 
considerable  reductii>n  nmy  be  made  in  the  oxygen  of  the  blood 
without  noticeably  affecting  the  respirations.  A  similar  coDcluBbo 
may  be  drawn  from  Haldane's  experiments  t  with  carbon  monoxid, 
He  found  upon  breathing  mixtures  of  this  gas  that  no  distinct  effeeu 
were  observable  until  the  blood  was  about  one-third  saturated  wtli 
the  gas  —that  is,  had  lost  one-third  of  its  ox>'gen.  Zunlz's  ex- 
periments, in  which  the  CO,  in  the  air  breathed  was  increased,  white 
the  oxygen  renuiined  normal,  gave  quite  different  results,  as  follows; 

Normal  air volume  breathed  per  minulo,    7,433  tc. 

Air  of  20.2  per  cent.  O,  0.95  per 

wnt.  CO, "  "  "         "         9.080  " 

Air  of  18.06  per  cent.  O.  2.97  per 

rent,  CO, "  "         "         "        11^26  " 

Air  of  18.42  per  cent.  O,  11.6  per 

cent.  CO, "  "         "         "        32,464  " 

These  and  similar  results  show  that  small  differences  in  the 
amount  of  the  carlx)n  dioxid  in  the  blood  have  a  distinct  effect 
upon  the  activity  of  the  respiratory  center.  Under  normal  coi 
ditions  the  respiratory  center  receives  blood  containing  19  to 
volumes  per  cent,  of  oxygen,  while  the  venous  blood  flowing  ai 
from  the  center  still  holds  10  to  12  per  cent.  Considering 
small  effect  of  lowering  this  oxj-gen  supply  by  one-thiid,  if 
difficult  to  believe  that  normally  the  amoimt  of  oxj'gen  b 
deficient  for  the  normal  metabolism  as  to  set  up  a  const^** 
stimulus.  The  trentl  of  recent  work  favors  rather  the  view  tJ^^ 
the  normal  stimulus  to  the  respiratory  center  is  the  carbon  dio^t-  ^^ 
When  this  substance  is  present  alx)ve  a  certain  amount  or  tens^*-* 
it  acts  as  a  stimulus  and  gives  rise  to  the  moderate  movements- 
normal  inspiration.  If  the  tenBion  of  the  carbon  dioxid  is  inci 
its  stimulating  action  liecomes  stronger  antl  leads  to  the  product 
of  a  condition  of  hyperpnea  and  dyspnea.  On  the  other  bi 
if  for  any  reaaoii,  such  as  active  ventilation  of  the  lungs^  the  lens 

♦Bert,  "  La  prciwion  haroTiK^trique/'  1878,  691. 
tHoldanc,  "Journal  of  Physiology,"  18,  442.  1896. 
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of  the  carbon  dioxid  falls  below  a  certaiu  value,  estiniatetl  by 
Zuntz  as  lying  between  19  and  24  mms.,  no  stimulation  occurs, 
the  center  is  in  a  condition  of  apnea  and  respirator)'  movements 
cease.  Under  special  circumytancen  other  huh>tstam'C«  may  occur 
in  the  blood  which  act  'dA  chemical  ^ftinuJlj  to  the  renter,  for  example, 
the  acid  products  formeil  duriiiji;  niuscular  cuiitradioiis  (see  p.  648). 
The  Cause  of  the  First  Respiratory  Movement.^Thc  mam- 
malian fetus  under  normal  conditions  makes  no  R*>piratorj'  move- 
ments while  in  utero.  After  birth  and  the  interruption  of  the  pla- 
cental circulation  the  first  breath  is  t^ken.  The  cause  of  this 
sudden  awakening  to  acU\ity  on  the  part  of  the  respiratory  center 
must  be  closely  connected,  if  not  identical  with,  the  cau^^e  of  the 
automatic  activity  of  the  center  throughout  life.  I'wo  or  |)ertiai)3 
three  %iews  have  been  held  regarding  its  immediate  cause:  (I) 
That  it  is  due  to  the  increased  venosity  of  tlie  bliHxt  brtmght  about 
by  the  intemiption  of  the  placental  circulation;  (2)  that  it  is  due  to 
stimulation  of  the  skin  by  hantUing.  dr>'ing,  etc.;  (:^)  that  it  iw  due 
to  a  combination  of  these  causes.  Preyer  has  shown  that  stimula- 
tion of  the  skin  of  the  fetus  while  in  lUero  and  with  the  placental 
circulation  intact  sufficies  to  cause  respiraton*  movements.  (V»hn- 
stein  and  Zuntz*  have  shown  that  interruption  of  the  placental 
circulation  w^hile  the  fetus  is  kept  bathed  in  the  amniotic  lif|uid  also 
brings  about  respiratioiLS.  Since  Iwith  of  these  events  occur  normally 
at  birth,  we  may  Iwlieve  that  each  aids  in  causing  the  first  rfwpira- 
tion,  and  indee<l  it  may  be  necejisar>'  at  time^  <leliberately  to  in- 
crease the  stimulation  of  the  skin  in  order  to  bring  on  respiratory 
movements.  If  the  two  causers,  fitimiilation  through  the  nerves  and 
stimulation  tlmiugh  the  blood,  nonnally  co-operate,  it  may,  how- 
ever, l>e  said  that  the  essential  cause,  according  to  the  theory 
adopted  in  the  preceding  paragraphs,  lies  in  the  greater  venosity  of 
the  blood,  that  is,  the  increased  tension  of  the  cnrlwn  dioxid  follow- 
ing interruption  of  the  placental  circulation.  During  the  intra- 
uterine period  it  is  evident  that  the  fetal  Mood  is  aerated  so  well 
by  exchange  with  the  maternal  blood  that  it  does  not  act  as  a 
stimulus  to  the  fetal  respiratory  center.  The  fetus  is^  physiolog- 
ically speaking,  in  a  conchtion  of  apnea.  Since  the  maternal  blood 
acts  upon  the  respinitorx*  center  of  the  mother,  while  the  fetal 
blood  which  exchanges  gases  with  it  does  not  act  on  its  own  respira- 
tory center,  it  follows  that  the  fetal  respiratory  center  possesses  a 
lower  degree  of  irritubility  than  that  of  the  mother. 

Dyspnea,  Hypcrpnea,  Apnea. — By  the  term  dyspnea  in  its 
widest  sen.se  we  mean  any  noticeable  increase  in  the  force  or  rate  of 
the  respirator^'  movements,  .^s  said  above,  such  a  condition  may 
be  cause<:l  either  by  stimulation  of  sensory  ner\'es,  particularly 
*rohiutein  and  ZuntB,  "  Arcli.  f.  die  gtmammte  Physiol.."  42,  342.  1888. 
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the  pain  nen-es.  or  by  an  increased  venosity  of  the  blood. — that  is. 
by  an  increase  in  the  CO,  or  by  a  marked  decrease  in  the  oxygen. 
Changes  of  other  kinds  in  the  composition  of  the  blood,  some  of 
which  are  considered  in  the  next  chapter,  may  also  stimulate  the 
respirator^'  center  and  cause  dyspnea.  The  dyspneic  movement^i 
naturally  show  many  degrees  of  intensity  corresponding  with  the 
strength  of  the  stimulus,  and  sometimes  the  initial  stages  are  desig- 
nated as  hyper pnea.  wliile  tlie  term  dyspnea  is  reserved  for  the  more 
labored  breathing  in  which  the  expirations  are  active  and  forced. 
When  dyspnea  is  pn)daced  by  witliholding  air  (suflFocation)  the 
respiratory  movements  become  more  and  more  violent  until  they 
take  on  a  convulsive  character.  This  stage  is  succeetled  by  one 
of  apparent  calm,  indicative  of  exiiaustion  of  the  centers.     Deep, 


FV-  2^^- — ^To  show  1h«  recovery  from  apnea.  The  aaimal  (rabbit)  had  beeii  venti- 
Uted  with  a  bellowo  and  thrown  into  a  condilion  uf  apnea  Bhown  at  the  bcKiTUiiiic 
of  iht  racord.  The  reepinition^  returned  first  as  feeble  mo^'ement^  which  graduaUy  m- 
cT«ai««l  i<)  Oie  normal. — (DaiMon.) 

long-drawn  inspirations  follow  at  intervals  and  finally  cease.  The 
animal  lies  iiuietly,  with  feeble  heart  l>eat  and  dilated  pupils^  in 
a  condition  designated   as  asphyxia  or  complete  asphyxia. 

The  term  apnea  means  literally  a  condition  of  no  breathing,  and 
ance  this  condition  may  occur  from  several  causes  some  confusion  in 
nomenclature  has  resulteii.  In  medical  literature  the  tenn  is  some- 
times emplf)yed  as  a  synonym  for  asphj'xia  or  sufFocalion,  In 
physiological  Hteniiure  it  is  restricted  to  a  ver>'  interesting  con- 
dition which  is  of  great  importance  with  reference  to  the  theories 
of  respiration.  This  condition  is  one  of  cessation  of  breathing 
movements  due  to  lack  of  stimulation  of  the  respiratory  center. 
It  is  brought  about  by  rapid  and  prolonged  ventilation  of  the 
lungs.     If,  for  itistance.  in  a  mbbit  or  other  animal,  a  tracheal 
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cannula  is  inserted  and  coimeoted  with  a  bellows  or  respiration 
apparatus,  the  lungs  may  l>e  inflated  artificially  at  a  rapid  rate 
for  any  given  period  of  time.  If  such  an  experiment  is  per- 
formed it  will  lie  found  that  when  the  lihists  are  stopjied  the 
aiiinial  makes  no  breathing  movements  at  all.  sometimes  for  a 
considerable  inten'al.  When  the  respirations  start  again  they  Ix^n  ■ 
with  feeltle  movements,  which  gradually  increase  to  the  normal  " 
amplitude  (Fig.  259).  One  may  produce  a  similar  condition  upon 
himself,  approximately  at  legist,  by  a  series  of  rapid,  forced  inspira- 
tions. The  <juestion  of  importance  is:  Why  does  the  respiratory 
center  cease  to  act?  Rxisentlial  explained  the  phenomenon  in  terms 
of  his  theory  that  the  normal  stinuikis  to  the  center  results  from  a 
lack  of  ox>'gen.  With  vigorous  artificial  rrspirati<in  he  imagined 
that  the  blood  takes  up  more  oxygen  and  thus  fails  to  act  tipon 
the  center.  The  apnea  is  due  to  overoxygenation  of  the  blood, 
and  iadeecl  this  is  the  definition  he  gave  to  the  word.*  The 
numerous  rrsearches  made  ujxin  this  condition  seem  to  show 
ver>*  clearly  that  in  the  method  used  to  produce  it  two  factors 
cooperate,  and  that  it  is  necessary,  in  reality,  to  distinguish  two 
different  kinds  of  apnea,  the  apncea  vera  or  chemical  apnea,  and  the 
apnoea  vagi  or  inhibiton'  apnea.  When  the  lungs  are  vigorously 
inflated  by  artificial  blasts  the  alveoli  are  l>etter  ventilatedj  and 
consequently  the  blood  takes  up  somewhat  more  of  oxygen  and  gives 
off  more  carbon  dioxid.  It  reaches  the  center  in  what  may  be 
called  a  more  arterialized  or  less  venous  condition.  At  the  same 
time  the  repeated  expansions  of  the  lungs  cause  repeated  stijnula- 
tions  of  the  inhibitor\'  filjers  in  the  vagu^,  and  this  tends  to  bring  the 
center  to  rest  by  inhibition.  Either  of  these  factors  alone  may 
caixae  a  condition  of  apnea  and  in  the  method  by  which  the  phenom- 
enon is  usually  produced  the  two  co-operate,  as  may  Ijc  inferred 
from  the  following  facts:  If  the  vagi  are  cut  it  is  much  more  difficult 
to  produce  apnea  by  artificial  respirations.  If  in  an  animal  with 
vagi  intact  the  artificial  respirations  are  made  with  h>drogen  in- 
stead of  air  an  apneic  pause  may  be  obtained,  but  this  is  no  longer 
possible  if  the  vagi  are  cut.f  These  two  facts  indicate  the  impor- 
tance of  the  inhibitor^'  factor.  That  chemical  apnea  in  Rosen- 
thal's sea^e  may  exist  is  shown  by  the  fact  that  after  section  of 
both  vagi  apnea  may  still  l>e  produced  by  artificial  respiration, 
and  indee<i  several  observers!  find  that  after  section  of  both  vagi 
and  of  the  medulla  above  the  center  the  animal  may  still  be 
made  apneic.  In  such  cases  it  is  difficult  to  see  any  other  cause  for 
the  apnea  than  a  change  in  the  gases  of  the  blood.     Rosenthal 

•  See  Rosenthal,  in  vol.  iv,  p.  264,  of  Hermann's  "  Handbuch  der  Physi- 
Ologie." 

>  .See  Head,  "Journal  or  Thysiology/'  10.  I.  and  279,  1880. 

t  IxK'wv,  "  Arrliiv  f.  die  gesammte  PhvaioloRie."  42,  246,  1888;  aod 
Langendorfr,  "Archiv  f.   Phyaiolope/'   1888,  p.  286, 
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a.ssnnied  that  tlie  apnea  Is  due  to  an  overoxygenation  of  the  blooil. 
hut  since  the  vigorous  respiration?  lower  especially  the  coulentrf  o( 
the  blood  in  CO.^  it  is  probable,  its  insisted  upon  by  Traube,  that  this 
latt^^r  factor  is  the  more  imijortant.  In  the  prectdiup  purajETupbs 
some  ovidence  has  been  given  to  show  that  the  nornud  :^timu!us  to 
the  center  is  due  to  the  presence  of  CO^,  and  it  follows  logically  lluil 
the  more  oomplelo  removal  of  this  guti  by  ventilation  of  the  liingB 
shnuld  \>e  cintsidered  as  the  cldef  cause  of  true  apnea.  Expen- 
mrntsjlly  Jhis  vio\v  is  well  borne  out  by  an  old  observation  of  Berns, 
according  to  wliich  a  condiTinn  of  apnea  in  a  rabbit  may  be  cut 
short  instantly  at  any  moment  by  a  blast  of  CO,  sent  int<»  the  lungs, 
a  blast  of  air  having  no  such  effect.  This  observation  is  further 
supported  by  recent  experiments  by  Mosso  *  upon  men.  in  whirh 
he  shows  that  npnea  cannot  be  produced  by  inflation  with  carlxHi 
dioxid.  This  author  designates  the  condition  of  diminished  W 
in  the  blood  as  acapnia.  According  to  tliis  terminolog\%  true  apnea 
is  due  to  a  condition  of  acapnia. 

In  the  intact  animal,  therefore,  we  may  say  that  apne^  is 
due  to  two  causes:  first,  the  removal  of  CO,  from  the  V»lond  br 
better  ventilation,  whereb}'  the  center  is  stimulated  less  strongly 
or  not  at  all;  and,  8econ{i,  the  rhythmical  inhibition  of  the  center 
through  the  vagus  fibei"S  ending  in  the  lungs.  The  two  causes  work 
together  and,  as  it  were,  aid  ea<*h  otlier.  for  the  Ies.s  the  irritability 
of  the  center,  the  more  easily  it  is  inhibitetl,  am!  the  more  it  is 
inhiliited.  the  less  the  internal  stimulus  affects?  it.  It  is  known 
that  a  cessation  of  respirations  may  l>e  brought  alx)ut  in  still  a 
third  way,  namely,  by  a  condition  of  more  or  less  complete  anemia 
produced  by  shutting  off  the  blood-jiupply  to  the  center.  Hie 
lack  of  activity  in  this  case  is  not  a  true  apnea  in  the  physiological 
sense  of  the  term,  since  we  may  suppose  that  under  these  conditions 
the  tension  of  the  carlx>n  dioxid  increases  rather  than  decreases. 
It  is  due  to  a  los^;  of  irntMl>ility  in  the  center,  as  a  direct  re^oilt 
of  the  deprivation  of  the  blood-supply,  rather  than  to  a  diminution 
in  the  norma!  stimulus. 

Innervation  of  the  Bronchial  Musculature. — Xumrmus 
investigators,  using  different  methods  Jiavc  demonslratetl  tiiat  the 
bronchial  musciilature  is  supplied  through  the  vagus  with  motor 
and  inliibitorj'  fibers,  bronchocoiistrictor  and  bronchodilator  fibers, 
as  they  are  usually  called. t  Stimulation  of  the  constrictors  causes 
a  narrowing  of  the  bronchi^  and  therefore  increases  the  resistance  to 
the  inflow  and  outflow  of  air.  Some  obser\'ers  state  that  those  fibers 
arc  normally  in  a  condition  of  tonic  activity  (Koy  and  Brown), 
but  others  fimi  little  evidence  for  this  belief.     An  artificial  tonus — 

*  M088O,  "Archives  italicnn&s  *ie  biologic,"  40,  1,  1903. 
t  Fur  a  recent  paiier  with  references  to  literature  see  Dixon 
''Journal  of  Physiology',"  29,  97,  1903. 
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^hat  is.  a  condition  of  maintained  activity  of  the  constrictor  fibers — 
may  be  set  up  by  the  action  of  a  numlKir  of  dni^s.  such  as  muscarin, 
pilocarpin,  and  physostig:iniu,  wliich  in  this  case,  as  in  so  many 
•other  instances  of  autonomic  fibers,  are  supposed  to  stimulate  the 
-endings  of  the  fibers  in  the  lungs.  Their  effect  is  removed  by  the 
action  of  atropin.  These  fibers  are  stimulated  also  during  the  ex- 
citator\'  stages  of  asphraa.  Reflex  stimulation  of  the  constrictors 
is  obtained  most  readily  (Dixon  and  Jirodie)  hy  irritation  of  the 
nasal  mucous  membrane,  and  it  seems  probable  that  in  bronchial 
or  spasmodic  asthma  these  fibers  are  also  stimulated  reflexly. 
The  nonnal  conditions  under  which  the  constrictors  and  dilators 
are  brought  into  play  can  scarcely  l>e  stated.  Irritating  vapors  or 
even  CO,  lead  to  a  bronchoconstriction  and  t!iis  reflex,  as  statetl  on 
p.  638.  may  be  regarded  as  protective.  When  a  constriction  of  the 
bronchial  musculature  exists  it  may  ^>e  abolished  hy  the  paralyzing 
action  of  atropin,  or  temporarily  by  injectioas  of  extracts  of 
lobelia  or  by  the  anesthetic  effect  of  inhalations  of  chloroform  or 
ether.     Nicotin  also  causes  a  dilatation. 
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The  Effect  of  Muscular  Work  upon  the  Respiratory  Hove- 
ments. — It  is  it  matter  of  common  exjx»riencc  tliat  nnisoular  ev 
ercise  increases  the  rate  and  amplitiule  of  the  respiraton'  rao^'€- 
ments.     Roughly   speaking,   the  increase  is  proportional  to  the 
amount  of  muscular  work,  and  the  relationship  is  evidently  a  bene- 
ficial adaptation.    The  greater  the  amount  of  work  done,  the 
larger  will  Ive  the  amo»mt  of  C(\  jiroduccd  and  the  greater  will  Iw 
the  need  of  oxygen.    The  adapt-ation  was  fonnerly  explained  in 
what  seemed  to  l)e  an  entirely  satisfactor}'  way  by  assuming  that 
the  increased  consumption  of  0  and  the  greater  production  of  C(\ 
in  the  muscles  resulted  in  rendering  the  blood  more  venous,  aud 
consequently  the  respiratory  center  was  stimulated  more  strongly, 
and  indeed  proportionally  to  the  muscular  effort.     Geppert  and 
Zuntz,*  however,  ha\*e  shown  by  gas  analyses  that  whatever  m»v 
be  the  condition  of  the  venous  bloo^l  during  muscular  excrpi* 
the  arterial  bkxjd  sent  out  from  the  left  heart  shows  no  corwtwt 
change  iu  the  quantity  or  tension  of  the  contained  gases.    Tbcv 
proved,  also,  that  the  effect  on  the  center  is  not  siraply  a  reBex 
from  the  nerves  in  the  muscles,  since  when  the  hint!  liml>s  were  niwi* 
to  contract  by  stinuilation  llie  n^s[)iratory  center  was  affected  J" 
the  usual  way  although  all   the  nerve  connections  were  deslroye^B 
They  conclude,  therefore,  that  the  respirator>'  effect  of  muscM^M 
work  must  be  due  to  certain  substances  produced  in  the  muscle  ^^ 
given  off  to  the  bkKKl.     Other  exf>eriments  (I>ehnmzui)  mak^  \ 
probable  that  these  substances  arc  the  acid  products,  lactic  acid  ^•^ 
acid  phosphates,  known  to  Ix;  formed  in  muscle  during  contraciv^ 
Dilute!   acids   injected   directly   into   the  veins  produce  a  sini-^ 
result.     The  adaptation  is  a  most  interesting  (me,  since  the  prodi^*-' 
that  decrease  the  irritability  of  the  muscle  itself  seem  to  cause      ^ 
increase  in  excitability  of  the  group  of  nerve  cells  conKtituting 
respirators  center. 

The  Effect  of  Variations  in  the  Composition  of  the 
Breathed. ^Variations  in  the  amount  of  nitrogen  in  the  insfo. 

•Geppert  and  Zuntz,  "Archiv  f.  die  geDammte  PliyMoU>gie."  42, 
1888. 

648 


Air  have  no  distinct  physiological  effect.  The  important  elements 
to  consider  are  the  oxygen  and  the  carbon  clitixid. 

Increased Perantngrs  of  Oxygen, — 1'he  normal  pressure  of  ox>'gen 
in  the  air  is  2()  per  cent,  or  152  ninis.  We  niay  increase  this  pres- 
eure  either  by  changing  the  voliune  per  cent,  of  the  gas  or  by  raising 
the  barometric  pressure  by  compression.  The  somewhat  natural 
supposition  that  breathing  pure  oxygen — that  is,  oxygen  at  a  pres- 
sure of  760  nun. — should  have  a  Ix'neficiul  effect  on  the  oxidations 
of  the  body  has  found  no  support  in  physiological  exi)eriment3. 
Atmosphenc  air  supplies  us  with  an  excess  of  oxygen  over  the  needs 
of  the  body;  a  still  further  increase  of  this  excess  has  no  positive 
advantage.  Paul  Bert,  in  his  iiit^rresting  work  on  barometric  pres- 
sures,* has  called  attention  to  tlie  fact  that  at  a  certain  j>resHure 
ox>'gen  is  not  only  not  btiiieficial,  but,  on  the  contran',  is  markedly 
toxic.  From  expcriinciits  made  upon  a  great  variety  of  uuimals 
and  plants  he  concluded  that  alt  hvijig  tilings  are  killed  when  the 
oxygen  pressure  Ls  eutlicicntly  high, — say,  300  to  40<l  i>er  cent. 
Warm-bl(H)de<i  animals  die  with  CDiivuIsions  when  submitted  to 
3  atmospheres  of  pure  oxygen  or  15  atmosphen»s  uf  air.  At  these 
high  pressures  the  blood  contains  about  30  vohanes  of  oxygen  to 
each  1(X)  c.c.  of  blood  instead  of  the  usual  20  volumxis.  The  ad- 
ditional 10  vohimi»s  are  contained  in  solution.  Fisli  also  are  killed 
when  the  ox>'gen  pressure  is  increased  to  such  a  jxiint  that  the  water 
contains  10  volumes  of  dissolved  oxygen  to  each  100  c.c.  In  more 
recent  experiments  by  Smith, f  made  upon  mice,  it  was  found  that 
oxj'gen  at  pressures  tif  HHI  jht  rent,  to  130  percent,  proves  fatal 
in  a  few  days,  the  animals  showing  inflammatory  changes  in  the 
lungs.  Oxygen  at  ISf)  jxr  cent,  kills  mice  and  birds  within  twenty- 
four  hours.  I*ressures  of  two  atmospheres  of  air  (40  per  cent.  O) 
have  no  injurious  effect.  No  adequate  chemical  explanation  can 
be  offered  at  present  for  this  toxic  action  of  oxygen  at  liigh  tensions. 
Ilie  matter  is  one  of  practical  imix)rtance  in  connection  H-ith  caisson 
and  submarine  work  and  the  therapeutical  use  of  oxygen. 

Decreased  Percentnges  of  Oxygen. — Xuinerous  observers  (liert, 
Zuntz,  el  id.)  have  shown  that  a  fall  in  ox-A'gen  pressure  has  no 
perceptibly  injurious  result  until  it  reaches  alx)ut  10  per  cent.  At 
or  somewhat  Ijekiw  tliis  pressiu^  the  hemoglobin  is  unable  to  take 
up  its  full  amount  of  oxygen,  and  the  body  consequently  suffers 
from  a  real  tleficiency  in  its  oxygen  supply,  a  condition  designated 
■s  anoxemm.  Acconling  to  IJert's  exf)erimcntal  results,  death  with 
convulsions  quickly  follows  a  fall  of  atmospheric  pressure  U>  250 
nuns.  (ox>gen  pressure,  50  nuns,  or  6  to  7  per  cent.).  Animab 
supplied  with  an  atmosphere  containing  a  deficient  amount  of 

•**Lii  pression  barom<Hrique,"  p.  704,  Paris,  1878. 
fjoiinud  of  Physiologj',''  24,  19,  1899. 


oxygen  show  dyspneic  respirations,  which  incrc&sc  in  \iolence  and 
finally  become  con%nilsive.  The  ordinary  symptoms  described  for 
death  from  asphyxia  are  due,  therefore,  to  the  anoxemia, — that  13, 
lack  of  oxygen, — not  to  the  accumulation  of  COj. 

Increased  Percentages  of  Carbon  Dioxid. — It  was  pointed  out 
clearly  by  tlie  researches  of  Friedlander  and  Herter*  that  death 
from  increased  percentages  of  CO,  is  accompanied  by  s>Tnptoms 
quit€  different  {torn,  those  due  to  lack  of  oxygen.  As  the  CO,  is 
increased  a  noticeable  hyperpnea  may  be  obser\'ed  (Zuntz)  at  » 
concentration  of  about  3  per  cent.  When  the  concentration  of  C<)| 
reaches  8  i>er  cent,  to  10  or  15  per  cent,  there  is  distinct  dyspnea; 
but  beyond  this  point  further  concentration,  instead  of  augmenting 
the  respirations^  decreases  them,  and  the  anunal  dies,  at  concen- 
trations of  M)  to  5()  per  cent.,  without  con\nilsions,  but  wlh  the 
appearance,  rather,  of  a  fatal  narcosis. 

High  and  Low  Barometric  Pressures,  Mountain  Sickness, 
Caisson  Disease,  etc. — High  barometric  pressures  are  used  k 
submarine  work,  diving,  caisson  work,  eic.  As  stated  above^  it 
follows  from  the  work  of  Bert  and  Smith  that  when  the  preseim 
reaches  5  to  6  atmospheres  long  continuance  in  it  may  he  follovred 
by  injurious  or  fatal  results  due  to  the  toxic  action  of  the  oxA'gen. 
If  the  ]jressure  is  increased  to  15  atmospheres  the  toxic  influence 
of  the  oxygen  brings  on  death  wilh  con^'ulsions.  Tractically, 
however,  such  pressures  are  not  encounterwl  in  submarine  work, 
A  caisson  is  a  wooden  or  steel  chamber  arranged  so  that  it  may 
be  sunk  under  water.  The  water  is  driven  out  by  air  under  pr»- 
sure.  Since  the  pressure  increases  1  atjnosphere  for  each  10 
metcre  (33  feet),  it  will  Ijo  seen  that  ver>'  high  pressures  of  air 
are  not  usually  required.  Caisson  workers  are  at  times  attacked 
by  serious  or  even  fatal  symptoms,  not  while  in  the  compressed 
air,  but  during  or  after  the  "decompression*'  that  is  necessary  in 
the  return  to  normal  conditions.  The  symptoms  consist  of  pains 
in  the  muscles  and  joints,  paralysis,  dyspnea,  congestion.  Those 
who  have  investigated  the  subjectf  state  that  the  injurious  results 
are  due  to  a  tiM>  rapid  decompression.  When  this  occurs  the  gases 
in  the  blood,  particularly  the  nitrogen,  arc  suddenly  liberated  as 
bubbles,  which  blonk  the  capillaries  and  thus  produce  anemia  in 
different  f>rgans.  If  the  decompression  is  effected  gradually  no  cvtI 
results  foKow. 

The  effect  of  low  barometric  pressures  is  chiefly  of  interest  in 
connection  with   residence  in  high  altitudes,  balloon  ascensions, 

*  FrieiJliiruier  nud  Herter,  "Zcitschrift  f.  phvsiol.  Cheniie,"  2,99,  \Ki% 
aiid  3.  19.  1S79. 

t  See  Bert,  loc.  cU.,  p.  939;  also  Hill  and  Miicl-eod,  "Journal  of  Phv 
ology/'  29,  382,  and  "Journal  of  Hygiene,"  3,  407. 
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IXTLUENCE  OF  VARIOUS  CONDITIONS  ON  RESPIRATION. 

At  certain  altitudes,  from  3000  to  4000  meters,  disagreeable 
ymptoms  are    experienced    by    many    pjcrsons,  especially   after 
macular  effort,  which   are   designated   usually  under   the   term 
mountain  sickness.     The  indi%*idual  so  affected  suffers  from  liead- 
-ache,  nausea,  vertigo,  great  weakness,  etc.     Much  investigation, 
fcBpecially  of  recent  years»  has  l>een  devoted  to  this  subject.*     Paul 
Bert  conclude*^!,  fnmi  lua  numerous  ex|)eriments,  that  a  fall  in  baro- 
metric pressure  act«  uixjn  the  urgaiiism  only  in  so  far  as  there  is  a 
diminution  of  the  jmrtial  pressure  of  the  oxygen  in  the  air  respired. 
This  view  has  l)een  generall}'  aceepteil  in  physio]og>%  and  mountain 
sdckncss  and  similar  disturbances  in  balloon  ascents  have   been 
explainofl,  therefore,  as  due  mainly  to  the  lack  of  oxygen^ — that  is, 
to  the  condition  of  anoxemia.     Mosso,  on  the  contrary,  lias  insisted 
upon   the   part   played   by   the  carbon   dioxid.     He  gives  ex|ieri- 
ments  to  show  that  there  i.s  a  diniiuutitjn  in  the  carbon  dioxid 
contents  of  the  blotni  (a  condition  of  iirafuiia).  and  it  is  to  this, 
rather  than  to  the  anoxemia,  that  he  would  attribute  the  physio- 
logical results  of  low  barometric  pressures.     (.>ther  authors   lay 
stress  upon  the  mechanical  disturbances  of  the  lung  circulation, 
while  still  others  assume  that  certain  vaguely  understood  cosmical 
influences — such  as  the  electrical  coruUtion  of  the  air,  its  ioiuza- 
tion,  or  radiations  of  some  kind^nmy  affert  the  metalx>lisms  of 
the  body  and  thus  produce  the  symptoms  in  question.     It  would 
neem  that  the  whole  matter  is  more   complex  than  was  at  first 
Mupposed.     At  a  height  of  4000  meters,  at  which  mountain  sick- 
fvefls  is  apt  to  occur,  the  barometric  pressure  is  460  nuns.,  so  tlmt 
there  is  an  oxygen  pressure  of  02  mms., — a  pres.sure  hi^h  enough, 
-one  would   suppose,  not  to  endanger  th«  oxygen  supply.     Mosso 
ntatea,  also,  from  experiments  u|>on  monkeys,  that  lowering  the 
Kbarometric  pressure  sufficiently  (to  about  250  mms.)  causes  un- 
roonsciousness  (sleep)  even  when  the  partial  pressure  of  the  oxygen 
is  kept  normal.    The  historical  incident  of  the  death  of  Sivel  and 
Croc^-Spinelli  at  an  altitude  of  SOOO  meters  (bammetric  pressure, 
262  mms.;  oxygen  pressure,  52.4  mms.)  seems  to  indicate  also  that 
something  more  than  mere  diminution  in  oxygen  pressure  is  respon- 
aible  for  the  effects  of  extremely  high  altitudes. 


1^' 


Tlie  incidents  connected  with  the  iiAcent  in  the  balloon  Zenith  of  Sivel, 
A-Spinelli,  and  TLssandier.  April  l.'i.  1875,  are  de»cribe{l  in  detail  by  the 
nainetl  in  "La  Nature."  1S7.5,  p.  .337,  aJso  in  lull's  "La  pre«»ion  *bart>- 
metrirjuc. "  p.  1001.  Only  TiJ«andior  survived.  The  hallonnintf*  were  pro- 
vided witli  Iwigs  containing  oxycen  (72  |)er  cent.)i  but  they  were  unable  to 
make  aatiafartory  Hf*e  tif  tliein  since  shortly  after  ftoaaini;  75Ub  meters  they  t>E^- 
camc  so  weak  that  the  effori  to  raise  the  arm  to  seize  the  oxygen  tui>c  was 

♦See  'Zunts  et  al.  HOlwnWimu  u.  Her^cwanderungcn  in  ilirt-r  Wirk  ng 
auf  d.  Mennchen. "  Berlin,  HKX).  .Mosiuj  and  M.-irrD,  "Arcliivfs  italienneK  de 
btologip."  39.  3S7.  also  vol*.  4tJ  and  41.  t'ohidieini.  arlicle  ou  ".UpiuiflnjuH, " 
"  ErgebniMe  der  Physiologie, "  vol.  ii.,  part   I,  IiHJ3. 
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impossible.  Ussandier's  graphic  fieaeriptioii  relates  that  at  8000 
it  was  impossible  for  him  to  ^p^ak,  and  that  shortly  afterward  h* 
entirely  uncouBciou:^.  None  of  the  three  t^ieemn  tu  huve  rUiown  any  mgp* 
the  violent  dyspnea  tiiut  precedes  u^pliyxiu  cuusoil  by  lack  of  oxyrcn. 
ift  noteworthy,  however,  tiiat  the  lieart  beata  were  very  rapid,  aiid  that  i 
experienced  at  first  gri'at  depression  of  niuf«cular  stretigth  Hjthotit  \ijm 
coiiijciousness.  The  onset  of  complete  miconaciou^meKa  wa.H  stulden,  but  «w 
preceded  by  feelings  of  Kleepine»-s,  which,  howcx-er,  were  not  asmciauii 
with  any  distress.  Tliese  latter  fiu'ts  recall  the  conditions  of  •'[*hock."  inil 
wouM  suggest  ttiat  probably  the  rapid  heart  Itcat  was  an  imlication  nf  a  peat 
fall  ill  bluod-prej^ure,  which  may  ha\e  Ijeen  directly  pespoiu^ble  Ua  ij)efbu»> 
cular  weakne88  and  final  iincua&ciousuesii  and  death. 


he  ffil^l 


The  Respiratory  Quotient  and  its  Variations. — In 

tlic  gaseous  exchanges  of  respiration  one  may  determine  the 
tions  in  the  oxygen  absorbed  under  different  conditions  or  in  tbe 
carbon  dioxid  eliminated,  or  finally  in  the  ratio  of  one  to  the  olber. 
^j  which  is  known  as  the  respiratorj'  quotient.  In  short-lasting 
experiments  the  respiraton'  quotient  is  not  a  very  reliable  indicAior 
of  the  extent  or  character  of  the  physiological  oxidations  ir.  tV  '  '  . 
since  any  alteration  in  the  depth  or  rapidity  of  the  i* 
movements  may,  by  changing  the  ventilation  of  the  alveoli,  mii<e 
a  difference  in  the  output  of  CO,, — a  difference,  however,  whirh 
would  have  no  significance  in  regard  to  the  nutritive  changes  of  ti* 
body.  In  longer  experiments  and  in  those  during  which  the  rcspii:^ 
tor)'  movements,  are  not  alt-ered  the  detennination  of  this  ntio 
throws  light  ui>on  the  character  of  the  oxidations  tliat  are  tiikinji 
place,  as  will  be  apparent  from  the  following  consi^lerationfi:  I'lHler 
ordinary  conditions  of  rest  and  upon  a  mixed  diet  the  R.  Q.  van** 
between  0.G5  and  0.1)5  (Ix>ew>')  or  between  0.75  and  (J.89(M.*^ii8 
levy).  If;  iiowever,  the  material  oxidized  in  the  body  h  entinly 
carbohydrate  the  R.  Q.  should  be  eqtial  to  unity:  ^  =  I.  AH  the 
oxygen  used  in  the  combustion  might  be  considered  as  imitin^  «ilh 
the  C  to  form  CO,,  since  enotigli  ( >  is  present  in  the  sugar  to  account 
for  that  used  in  oxidizing  the  H  to  H,0.  Or,  as  expreaaed  in  » 
reaction, 


CftHuO.  +  60,  =  OCX),  +  6H,0. 


R.  Q,  =  I  =  1. 


mm  ■ 


The  number  of  molccidcs  of  CO,  fonned  in  the  oxidation  is 
to  the  nimiber  of  molecules  of  O,  used.  If  fats  alone  are  oxii 
in.  the  body  the  R.  Q.  should  be  low  (0.7),  since  these  substanctt 
are  poor  in  oxygen  compared  w*ith  the  amoimt  of  C  and  H  present 
in  the  molecule.  The  combustion  of  palmitin  may  \>e  represented 
as  follows: 


Palmitin.  C,H,(C.,H„0,)j  =  C.,H,0-. 
2CC„H-,0,)  +  list),  =  10200-  +  98H^. 

R  Q.  =  ftt  =  0.7. 


IXFLUKXCE  OF  VARIOUS  t'ONDITIONS  ON  Rt-SPIKATION. 


» 


ft 


In  the  saine  way  it  may  be  estimated  that  the  R.  Q.  for  the  oxidation 
of  proteins  alone  is  equal  t*i  0.78. 

In  accordance  with  these  conclusions  it  is  found  practically 
that  the  respiratory  (piotient  may  hp  raised  to  1,  approximately  at 
least,  by  feeding  exchipively  iifjon  <'arl»ohydrate  footis,  while  an 
excess  of  pmteid  or  carbohy<Ira(e  fooii  lowers  it  to  0.7.  In  con- 
nection with  other  data,  therefore,  the  H,  tj,  may  be  used  to 
throw  light  upon  the  character  of  the  nutrition.  Under  certain 
special  conditions  the  respiraf^iry  quotient  may  exeeetl  unity  or 
fall  distinctly  lielow  0.7.  A  rise  to  a  value  over  unity  may  occur 
temporarily  l>ecaiuse  of  increased  ventilation  of  the  alveoli.  Deeper 
and  more  rapid  breathing  will  drive  out  some  of  the  CX),  in  the  air 
of  the  lungs  and  thus  increase  greatly  the  R.  tj.  As  previously 
stated,  this  increase  has  in  itself  no  nutritional  signi^cauce,  but  it  ifl 


I 
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S^C.  2QU. — RpoortI  Ahowinic  ly^iica)   f?l]«yne-Stok«i«  reHiiintlinn  ((mm   m  cmj^  of  Hortio  mJoA 
mitrml  ineufflcicno'  with  arien«iacler<jab).       Th*  lime  rwcord  cives  sccondd. 


a  factor  that  must  be  allowed  for  in  such  experiments.  A  more 
suggestive  increase  of  the  R.  (J.  is  ob8er\'e<l  during  convalescence. 
In  this  period,  as  is  well  known,  an  individual  may  increase  in 
weight  rapidly,  chiefly  from  the  laying  on  of  fat.  This  fat  is  made 
in  large  part  pnibably  from  the  carbohydrate  of  the  food.  An 
oxygen-rich  food,  therefore,  is  converted  to  an  oxygen  poor  one, 
80  that  some  of  the  oxygen  must  l>e  split  off  partly  as  cari)on 
dioxid,  and  there  is  a  larger  output  of  this  substance  in  the  expired 
air.  Under  many  conditions  of  life — muscular  exercise,  for  example 
— in  which  the  oxidations  of  the  body  are  greatly  increasetl,  the 
larger  pro<iuction  of  CO,  is  balancetl  by  a  larger  al>sorption  of  O. 
It  is  interesting  to  find  that  usually  this  balance  is  so  well  maintained 
that  the  R.  <l.  does  not  vary  sensibly. 

Modified     Respiratory     Movements.— Laughing,     coughing, 
yawning,  sneezing,  sobbing,  and  even  vomiting  may  be  considered 
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as  modified  respiraton'  mo^^enlents.  since  the  same  group  of  musrii 
come  into  play.  These  are  all  movementsS,  wilii  the  exception 
yawning,  which  may  be  regarded  as  reflexes  that  have  nothing  U 
do  (.lirectly  with  the  processes  of  respiration.  A  most  interesting 
variation  of  the  normal  type  of  respiration  is  known  as  the  Cheyne- 
Stokes  respiration.  It  occurs  in  certain  pathological  conditions, 
such  as  art«*riosclerosis,  uremic  states,  fatty  degenemtion  of  the 
heart,  and  especially  under  conditions  of  increased  intracranial 
pressure.  It  is  characterized  by  the  fact  that  the  res{jiratory 
moveiiuats  occur  in  groups  (10  to  30)  separated  by  apneic  pauses. 
which  nuiy  last  for  a  number  (30  to  40)  of  seconds.  After  eacli  pause 
the  respirations  begin  with  a  small  movement,  gradually  increase 
to  a  maximum^  and  then  fall  off  grad\mily  to  the  point  of  complete 
cessation  (see  Fig.  2t30).  Circat  variations,  however,  are  shown  in 
the  character  and  nundier  of  the  respirations  during  the  so-calh 
dyspneic  phase.  From  observations  made  by  means  of  tl 
sphygnKmiaiiomcter  Eyster*  has  shown  that  in  this  condition 
there  are  alsu  rh^'ihmic  waves  of  blood-pressure  (Traube-Hering 
waves),  and  according  to  the  relation  of  these  pressure  waves 
the  groups  of  respirations  the  Cheyne-8tokes  cases  fall  into  ti 
groups.  In  one  group  the  dyspneic  phase  coincides  with  a  fj 
of  blood-pressure  and  a  slowing  of  the  pulse-rate.  In  the  othi 
group  the  reverse  relations  hold,  the  blood-pressure  and  pulse-rat 
l>oth  rising  during  the  dyspneic  phase  and  falling  during  the  apm 
This  latter  group  consists  of  cases  in  which  tiiere  is  evidence  oi 
increased  intracranial  tension.  Under  experimental  conditions 
the  author  was  able  to  .show  on  dogs  that  an  artificial  increase  in 
intracranial  tension  calls  forth  Cheyne-Stokes  respirations,  whenever 
it  happens  that  rhythmics  changes  in  blood-pressure  are  produced 
of  such  a  character  that  the  hKxul-pressure  rises  and  falls  alternately 
above  antl  below  the  line  of  intracranial  pressure.  It  is  probable, 
therefore,  that  in  the  clinical  cases  associated  with  a  rise  of  intra- 
cranial pressure  the  blood-pressure  likewise  rises  and  falls  alxjve 
and  below  intracranial  tension,  and  that  the  alternating  peri< 
of  apnea  and  dyspnea  are  due  to  this  fact  in  this  class  of  cases. 
Wht»n  the  bl<KKl-pi*essure  falls  below  intracranial  pressure  ihei 
is  a  condition  of  deep  anemia  of  the  medulla  sufficient  to  suspend 
the  activity  of  the  respiratory  center.  The  following  rise  of  bU»od- 
pressure  by  forcing  more  blood  through  the  medulla  calls  forth  a 
group  of  respiratory  movements.  More  or  less  rhythmical  varia- 
tions in  the  strength  of  the  breathing  movements  have  been  di 
scribed  also  in  normal  sleep,  hibernation,  chloral  narcosis,  etc,, 
but  nothing  so  definite  and  characteristic  as  in  these  ver>'  interest] 
Cheyne-Stokes  cases. 

♦  Eyster,  'Journal  of  Experimental  Medicine,"  1906. 


SECTION  VTI. 
PHYSIOLOGY  OF  DIGESTION  AND  SECRETION. 


CHAPTER  XXXLX. 
MOVEMENTS  OF  THE  ALIMENTARY  CANAL- 

Mastication. — iMostication  is  an  entirely  voluntan'  act.  The 
articulation  of  the  mandibles  with  the  ekull  permits  a  variety  of 
movements;  the  jaw  may  be  raised  and  lowered,  may  l>e  projected 
and  retracte<l.  or  may  be  move<i  from  aide  to  aide,  or  various  com- 
binations of  these  different  directions  of  movement  nmy  l>e  effected. 
The  muscles  concerned  in  these  movementa  and  their  innervation 
are  described  as  follows:  The  masseter,  temporal,  and  internal 
ptcr>'goids  raise  the  jaw;  these  niuscles  arc  inncr\'ated  through  the 
inferior  maxillar>'  division  of  the  trigeminal.  The  jaw  ia  depressed 
mainly  by  the  action  of  the  digastric  muscle,  assisted  in  some  cases 
by  the  mylohyoid  and  the  geniohyoid.  The  two  former  receive 
motor  filjerg  fn^m  the  inferior  maxillary  di\is!on  of  the  fifth  cranial, 
the  last  from  a  bninch  of  the  hypoglossal.  The  lateral  movements 
of  the  jaws  are  produced  by  the  external  pterygoids,  when  acting 
separately.  Simultaneous  contraction  of  these  muscles  on  both 
aidea  causes  projection  of  the  lower  jaw.  In  this  latter  case  forcible 
retraction  of  the  jaw  is  produced  by  the  contraction  of  a  part  of  the 
temporal  muscle.  The  external  pterygoids  also  receive  their  motor 
fibers  from  the  fifth  cranial  ner\'e,  through  its  inferior  maxillary 
division.  The  grinding  movementa  comnwinly  used  in  masticating 
the  food  between  the  molar  teeth  are  produred  by  a  rombinatir*n  of 
the  action  of  the  external  pter\*ogidrt.  (lie  elevators,  and  f>erlmf>e 
the  depressors.  At  the  same  time  the  movementa  of  the  tongue 
and  of  the  muscles  of  the  cheeks  and  lii>s  serve  to  keep  the  food 
properly  placed  for  the  action  of  the  teeth,  and  to  gather  it  into 
position  for  the  act  of  swallowing. 

Deglutition. — ^The  act  of  swalliiwing  is  a  complicated  reflex 
movement  which  may  Ix*  initiated  voluntarily,  but  ia.  for  the  moat 
part,  completed  quite  independently  of  the  will.  The  cla.ssical 
description  of  the  act  given  by  Magcndie  divides  it  into  three  stages, 
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corresponding  to  the  three  anatomical  regions — ^nioutli^  pharynx, 
and  esophagus— through  which  the  swallowed  juoreei  pasf^es  on  its 
way  to  the  stoniaeh.  Tlie  first  stage  consists  in  tlie  jiassage  of  the 
bolus  of  food  through  tlie  isthnuis  of  the  fauces, — that  is,  the 
opening  l>'ing  between  the  ridges  formed  by  the  palatoglossi  muscles, 
the  so-called  anterior  pillars  of  the  fances.  This  part  of  the  act  is 
usually  ascribed  to  the  movements  of  the  tongue  itself.  The  Iwliis 
of  food  lying  upon  its  upper  surface  is  forced  backward  by  the  ele- 
vation of  the  tongue  against  the  soft  palate  from  the  tip  toward 
the  base.  This  portion  of  the  movement  may  be  regarded  as  vol- 
untary, to  the  extent  at  least  of  manipulating  the  food  into  its  proper 
position  on  the  dorsum  of  the  tongue,  although  it  is  oj^en  to  doubt 
whether  the  entire  movement  is  usually  effected  by  a  voluntary 
act.  Under  normal  conditions  the  presence  of  moist  food  upon  the 
tongue  seems  essential  to  the  complete  execution  of  the  act;  and  an 
attempt  to  make  the  movement  with  ver\'  dry  material  upon  the 
tongue  is  either  not  successful  or  is  j^erformed  with  difficult}'.  The 
second  act  comprises  the  passage  of  the  bolus  from  the  isthmus  of 
the  faucesto  the  esophagus, — that  is,  its  transit  through  the  phan'nx. 
The  pharynx  l>eing  a  common  passage  for  the  air  and  the  food,  it  is 
im[>ortant  that  this  i>art  of  the  act  should  lie  consummated  quickly. 
According  to  the  older  description,  the  motor  power  driving  the 
bolus  downward  through  the  phar>'nx  is  derived  from  the  contrac- 
tion of  the  phan.*ngea]  muscles,  particularly  the  constrictors,  which 
contract  from  abo-ve  downward  and  drive  the  food  into  the  esopha- 
gus. Ivronecker  and  Meltzer,*  however,  have  shown  that  the  con- 
traction of  the  mylohyoid  muscle  in  the  floor  of  the  mouth  is  the 
most  important  factor  in  this  act  of  shooting  the  food  suddenly 
through  the  pharynx  into  the  esophagus.  The  contraction  of  this 
muscle  marks  the  t)eginning  of  the  purely'  involuntary'  jMirt  of  the 
act  of  swallowing.  The  bolus  of  food  lies  upon  the  dorsum  of  the 
tongue  and  by  the  pressure  of  the  front  of  the  tongue  against  the 
hard  palalaitis  shut  off  from  the  front  part  of  the  mouth  cavity. 
When  the  mylohyoids  contract  sharply  the  bolus  is  put  under  pres- 
sure and  is  shot  into  and  through  the  pharynx.  This  effect  is  aided 
by  the  contraction  of  the  hyoglossi  muscles,  which  by  moving  the 
tongue  backward  and  downward  tend  to  increase  the  pressure  put 
upon  the  UhmI.  Simultaneously,  a  number  of  other  muscles  are 
bn^ight  into  action,  the  general  effect  of  which  is  to  shut  off  the 
nasal  and  lar>-ngeal  oj)enings  and  thus  prevent  the   entrance    of 

*  Kronecker  aiid  Meltaer,  ".Ar<*hiv  f.  Plivsiolope,*'  1883,  suppL  volume, 
p.  328;  also  "Journal  of  E.xnerimental  Medicine,"  2.  453,  189/.  For  later 
•work,  ron*iuH  Cannon  and  Moser,  ".American  Journal  of  Phywology. "  I, 
435,  1898;  St'hreibcr,  "  .\rchiv  f.  exper.  Pathol,  u.  Phamiakologie,  "  46, 
414,  1901;  and  Eyknian,  *' Archiv  f.  die  ge^immte  Physiologic."  99.  513, 
1903. 
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food  into  the  corresponding  oavitiea.    The  whole  reflex  is  there* 
fore  an  excellent  example  of  a  finely  co-ordinated  movement. 

The  following  events  arc  described:  The  month  cavity  is  shut 
off  by  the  position  of  the  ton^e  against  the  palate  and  by  the  con- 
imction  of  the  muscles  of  the  anterior  pillars  of  the  fauces.  The 
opening  into  the  nasal  ca\ity  isclased  by  the  elevation  of  the  soft 
palate  (action  of  the  levator  palati  ami  tensor  palati  muscles)  and 
the  contraction  of  the  posterior  pillars  oi  the  fauces  (palatophar>'n- 
geal  muscles)  and  the  elevation  of  the  uvula  (azygos  uvu1;e  muscle). 
The  soft  palate,  uvula,  and  posterior  pillars  thus  form  a  sloping 
surface  shutting  off  the  nasal  chamber  and  facilitating  the  passage  of 
the  food  baekwani  through  the  i>har\*nx.  The  respirators-  opening 
into  the  iar>Tix  is  closed  by  the  adduction  of  the  vocal  conls  (lateral 
crico-ar>'tenoid3  and  constrictors  of  the  glottis)  and  b}'  the  strong 
elevation  of  the  entire  lar>'nx  and  a  depression  of  the  epiglottis  over 
the  lar\'nx  (action  of  l!ie  thyrohyoids,  digastrics,  geniohyoitls,  and 
mylohyoids  and  the  muscles  in  the  aryteno-epiglottitlean  folds). 
If  the  elevation  of  the  larynx  l>e  j>revente!.l  by  fixation  of  the  thy- 
roid the  act  of  swallowing  becomes  i[npossiI)Ie.  There  is  also  at 
this  time,  apparently  as  a  regular  part  of  the  swallowing  reflex, 
a  slight  inspiratory  movement  of  the  diaphragm,  the  so-called 
swallowing  respiration.  The  movements  <»f  the  epiglottis  during 
this  stage  of  swallowing  have  been  niurli  discussed.  The  usual 
view  is  that  it  is  pressed  down  upon  the  lar>ngcal  orifice  like  the  lid 
of  a  box  and  thus  effectually  pn)tects  the  respimtory  ]>assage.  It 
haa  been  shown,  however,  that  removal  of  the  epiglottis  does  not 
prevent  normal  swallowing,  and  Stuart  and  .McC'orrnick*  have 
reported  the  case  of  a  man  in  whom  part  of  the  |)har>'nx  hat!  l>een 
permanently  removed  by  surgical  ojjeration  and  in  whom  the 
epiglottis  could  be  seen  during  the  act  of  swallowing.  In  this 
intiividual,  acconling  to  their  obsen'ations,  the  epiglottis  was  not 
folded  back  during  swallowing,  but  remained!  erect.  Ivanthack  and 
Andersont  state  that  in  normal  individuals  the  movement  of  the 
epiglottis  backward  during  swallowing  may  be  felt  by  simply  passing 
the  finger  back  into  the  pharynx  until  it  conies  into  contact  with  the 
epiglottis.  According  to  most  observers,  it  is  not  necessar>'  for 
the  protection  of  the  lar>'nx  that  the  epiglottis  shall  be  actually 
folded  down  over  it  by  the  contraction  of  its  own  muscles.  The 
forcible  lifting  of  the  Iar>'nx,  together  with  the  descent  of  the  base 
of  the  tongue,  effects  the  same  result  by  mechanically  crowding  the 
parts  together,  and  the  larjnx  is  still  further  guarded  by  the  ap- 
proximation of  the  false  and  tme  vocal  conls,  thus  closing  the  glottis. 
The  whole  act  is  ver>'  rapid  as  well  as  complex,  so  that  not  more 

•  "Journal   of   Anatomy   and    Ph vsiolojEj', "    1892. 
t  "Journal  of  Physiology/'  14.  IM,  1893. 
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than  a  second  elapses  between  the  beginning  of  the  contraction  of 
the  mylohyoida  and  the  entrance  of  the  food  into  the  upper  end  of 
the  esophagus. 

The  passage  of  the  food  through  the  esophagus  differs  apparently 
with  its  consistency.  When  the  food  is  liquid  or  ver\"  soft  Kronecker 
and  iMeltzer  have  shown  that  it  is  shot  through  the  whole  length  of 
the  esophagus  by  the  force  of  the  initial  act  of  swallowing.  It 
arrives  at  the  lower  end  of  the  esophagus  in  about  0.1  sec.,  and  may 
pass  immediately  into  the  stomach  or  may  he  some  moments  in  the 
esophagus  according  to  the  conditions  of  the  sphincter  guarding 
the  cardiac  oriftee.  When,  however,  the  food  is  solid  or  semi- 
8ohd,  as  was  shown  by  Cannon  and  Moser.  it  is  forced  down  the 
esophagus  by  a  peristaltic  movement  of  (he  musculature.  The 
circular  muscles  are  constricted  fnjm  above  downward  by  an  ad- 
vancing muscular  wave,  while  the  longitudinal  muscles  contract 
probably  somewliat  in  advance  of  this  wave  so  as  to  dilate  the  tube 
and  facilitate  the  passage  of  the  bolus.  The  upper  portion  of  the 
esophagus  contains  cross-striated  fitvers  indicating  rapid  contraction ; 
the  lower  end  consists  of  plain  muscle  only,  while  the  intermediate 
portion  is  a  mixture  of  the  two  varieties.  Kronecker  and  Meltzer 
believe  that  each  of  these  segments  contracts  as  a  whole  and  in 
orderly  succession,  but  other  observers,  on  the  evidence  furnished 
by  Roentgen-ray  photographs,  agree  that  there  is  no  perceptible 
pause  in  the  downward  movement  of  the  wave  of  contraction.  These 
same  movements  occur  in  the  shallowing  of  liquid  or  soft  food,  but 
in  such  cases  the  peristaltic  wave  follows  the  actual  descent  of  the 
food.  According  to  the  observation  of  Kronecker  and  Meltzer,  it 
takes  about  6  sec.  for  the  peristaltic  wave  to  reach  the  stomach, 
and  the  passage  of  the  food  through  the  cardia  takes  place  with 
sufficient  energy  to  give  rise  to  a  murmur  that  may  be  heard  by 
auscultating  over  this  region.  In  the  case  of  the  more  liquid  food 
that  is  shot  at  once  to  the  lower  end  of  the  stomach  within  0.1  sec., 
it  nuiv  apparently  pass  at  once  into  the  stomach  or  it  may  he  in  the 
lower  end  of  the  esophagus  until  the  wave  of  contraction  reaches 
it  (6  sec.)  and  forces  it  through  the  opening.  At  this  opening,  the 
canlia  or  cardiac  orifice,  the  circular  layer  of  muscles  acts  as  a 
sphinctcj  which  is  normally  in  a  condition  of  tone,  particularly 
when  the  stomach  contains  food.  The  advancing  wave  of  con- 
traction in  the  esophagus  either  forces  the  food  through  the  resis- 
tance offered  by  this  sphincter  or  probably  the  sphincter  suffers 
an  inhibition  at  this  moment  as  a  part  of  the  general  reflex  action. 
Kronecker  and  Meltzer  have  noted  the  interesting  fact  that  if  a 
second  swallow  is  made  within  aainter\*al  of  six  seconds  after  the 
first,  the  peristaltic  wave  occasioned  by  the  latter  is  inhibited  at 
whatever  portion  of  its  path  it  may  have  reached.    The  food  carried 
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down  by  the  firet  swallow  waite  in  this  case  for  the  arrival  of  the  suo- 
cee^ling  wave  I)cfore  entering  the  stomach. 

Nervous  Control  of  Deglutition. — The  entire  act  of  swallowing, 
as  has  been  sjiid,  is  essentially  a  reflex  act.  Even  the  comparatively 
simple  wave  of  contraction  tliat  swee|^  over  the  esophagus  is  due 
to  a  reflex  nen'ous  stimulation,  and  is  not  a  simple  conduction  of 
contraction  from  one  portion  of  the  tube  to  another.  This  fact  was 
demonstrated  by  the  experiments  of  Mosso,*  who  found  that  after 
►val  of  an  entire  segment  from  tlie  esophagus  the  peristaltic 
wave  pa.ssed  in  due  time  to  the  portion  of  the  esophagus  left  on  the 
stomach  side,  in  spite  of  the  amitomical  break.  The  same  exjieri- 
ment  was  performed  successfully  on  rabbits  by  Kronecker  and 
Meltzer.  Obsen'ation  of  the  stomach  end  of  the  esophagus  in  this 
animal  showetl  that  it  went  into  contraction  two  seconds  after  the 
beginning  of  a  swallowing  act  whether  the  esophagus  was  intact  or 
ligatetl  or  completely  tlivided  by  a  transverse  incision.  The  afferent 
nerves  concerned  in  tills  reflex  are  the  sensor>^  filers  to  the  mucous 
membrane  of  the  phar>-nx  and  esophagus,  including  branches  of  the 
gioa8ophar>'ngeal,  trigeminal,  vagus,  and  superior  larj-ngeal  division 
of  the  vagus.  Artificial  stimulation  of  this  last  ner\-e  in  the  lower 
animftls  is  known  to  produce  swallowing  movements.  Several 
observers  have  attempted  to  determine  the  precise  area  or  areas 
in  the  pharvngeal  membrane  from  which  the  sensoo'  lmj)ulses 
liberating  the  reflex  normally  stjirt.  According  to  Kahn.t  the 
most  effective  areas  from  whose  stimulation  the  reflex  may  be 
produced  van*  in  location  in  different  animals.  In  the  rabbit  the 
reflex  is  originatetl  most  easily  by  stimulation  at  the  entrance  to 
the  pharj'nx — the  soft  palate — along  the  hne  extending  from  the 
posterior  edge  of  the  hard  jjulate  tn  the  tonsils  (8uj)erior  niaxil- 
lar>'  branch  of  trigeminal);  in  the  dog  irritation  of  the  posterior 
phar>'ngeal  wall  is  most  effective  (gIo&sophar\*ngcal  nerve);  in 
monkeys  the  area  is  a|)proxiraately  as  in  rahbits, — that  is,  in  the 
region  of  the  tonsils.  The  motor  fibers  concerned  in  the  reflex 
comprise  the  hypoglossal,  the  trigeminal,  the  glossopharj'ngeal, 
the  vagus,  and  the  spinal  accessory.  For  an  act  of  such  complexity 
and  such  perfect  co-ordination  it  has  l^een  a8sume<!  that  there  is  a 
special  nerve  center,  the  swallowing  or  deglutition  center,  which  has 
been  located  in  the  medulla  at  the  level  of  the  origin  of  the  vagi. 
There  is  little  positive  knowledge,  however,  concerning  the  existence 
of  this  center  as  a  definite  group  of  intermediary'  nen'e  cells,  after 
the  tyjje  of  the  vasoconstrictor  or  respiraton*'  center,  which  send 
their  axons  to  the  motor  nuclei  of  the  several  efferent  nenes  con- 
cerned.   As  in  the  case  of  other  complicated  reflex  acts,  we  can  only 


♦  Molescholt's  "  UntewuchunKen,"   1879,  volume  xi. 

t  Kahn,  "Archiv  f.  Physiolope,"  1D03,  auppl  volume,  386. 
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say  that  the  deglutition  reflex  is  controlled  by  a  definite  nen'ons 
mechanism  the  final  motor  cells  of  which  are  scattered  in  the  several 
motor  nuclei  of  the  efTerent  iien'es  mentioned  above. 

The  Anatomy  of  the  Stomach. — ^The  stomach  in  man  I>elongs 
to  the  simple  tyi)e  as  distinguished  fnmi  the  compound  stomachs 
of  some  of  the  other  manmialia, — the  niininating  animals,  for 
example.  Physiological  and  histological  investigations  have  shown, 
however,  that  the  so-calle<^l  simple  stomachs  are  divided  into  parts 
that  have  different  properties  and  functions.  The  names  and  bound- 
aries of  these  parts  can  not  be  stated  precisely,  since  they  var>'  in 
different  aniuuds,  and  moref>ver  there  is  at  present  an  unfortunate 
want  of  agreement  among  different  authors  regarding  the  nomen- 
clature of  the  parts  of  the  stomach.*  For  the  purposes  of  a  phj'sio- 
logical  description  we  may  use  the  names  indicated  in  the  accom- 
panying schematic  figiire.    The  main  interest  lies  in  the  separation 
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of  the  p3'loric  part  of  the  stomach  or  antrum  pylorif  from  the  main 
cavity  of  the  stomach.  The  line  of  separation  is  marked  by  a 
fissure  on  the  small  cur\'aturc,  incisura  angidaris  (7.  A.)  and  on  the 
large  curvature  by  an  abrupt  cliange  of  tlirection.  The  pyloric  part 
makes  an  angle,  therefore,  with  the  body  of  the  stomach  and  differs 
from  the  latter  in  its  muscidature,  the  macroscopical  and  microscopi- 
cal characteristics  of  its  mucous  membrane,  and  in  its  functional 
importance.  The  main  Ixxly  of  the  stomach  falls  into  two  sul)- 
divisions^  whose  line  of  demarcation  is,  however,  indefinite.  Ilie 
fundus  proi>er  is  the  blind,  roimdetl  end  of  the  stomach  to  the  left 
of  the  cardia  and  i)rojecting  toward  the  spleen.  The  intermediate 
or  prepyloric  region  shows  in  many  animals  a  characteristic  stnic- 

•  Sec  Hw, "  Arcliiv   f.  Anatotuie. "  U>03,  p.  346. 

t  Some  Perent  \\Tit«rs  confinD  this  term  antrum  pylori  to  that  portion 
of  the  pyloric  region  boriieriiig  upon  tlie  pyloric  orifice. 
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ecretmg  glands.     It  js  in  ttiis  region 
chloric  acid  of  the  gastric  juice  is  mainly  secreted. 

The  Mxisculoture  of  the  SUtmach. — The  nnisfiilature  of  the 
stoniacli  is  usually  (Uvided  into  three  layers, — a  longitudinal,  an 
oMique,  and  a  circular  roat.     The  longitudinal  coat  is  continuous 

M  the  oardia  with  the  longitudinal  fil)er9  of  the  esophagus ;  it  spreads 
out  from  this  jwint  along  the  length  of  the  stomach,  forming  a  layer 
of  var>Tng  thickness;  along  the  curvatures  the  layer  is  stronger 
than  on  the  front  and  |)osterior  surfaces,  while  at  the  pyloric  end  it 
increases  considerably  in  thickness,  and  passes  over  the  pylorus  to 
be  continued  directly  into  the  longitudinal  coat  of  the  duodenum. 
The  layer  of  oblique  fibers  is  tiuite  incomplete;  it  seems  to  l>e 
continuous  with  the  circular  fil>er8  of  the  esophagus,  and  spreads 
out  from  the  cardia  for  a  certain  distance  over  the  front  and  posterior     h 

^Vnfaces  of  the  fundus  of  the  stomach,  but  toward  the  pyloric  end  | 
disappears,  seeming  to  pass  into  the  circular  fibers.  The  circular 
coat,  which  is  placetl  between  the  two  preceding  layers,  is  the  thick- 
est and  most  imjjortant  part  of  the  musculature  of  the  stomach. 
At  the  fundus  the  circular  bauds  are  tliin  and  somewliat  loosely 
placed,  but  toward  the  pyloric  end  they  increase  juuch  in  thickness, 
forming  a  strong,  muscular  mass,  wliich,  as  we  shall  see,  plays  the 
most  important  part  in  the  movements  of  the  stomach.  At  the 
pylorus  itself  a  special  ilcvelopnient  of  this  layer  functions  as  a 
sphincter  pylori,  which  with  the  aid  of  a  circular  fcUd  of  tlie  mucous 
membrane  makes  it  ixjssible  to  shut  off  the  duorlcnuju  completely 
from  the  cavity  of  the  stonmch.  'J'he  line  of  sejwiralion  lietween 
the  antrum  pylori  and  the  boily  <if  the  Htonuich  is  niade  by  a 
special  thickening  of  the  circular  fibers  which  forms  a  stnicture 
known  as  the  "transverse  band"  by  the  older  ^Titers*  and  de- 
scribed more  ret-entlyf  iw  the  ''sphincter  antri  pylorici." 

The  Movements  of  the  Stomach. — ^The  solid  food  remains  in 
the  stomach  for  several  hours,  and  during  this  time  the  musculature 
contracts  in  such  a  way  that  she  thinner  j>ortions  as  they  are  formed 
by  digestion  are  ejected  from  time  to  time  through  the  pylorus  into 
the  intestine.  Except  at  the  definite  intervals  when  the  pyloric 
spliincter  relaxes  the  food  is  entirely  shut  off  from  the  rest  of  the 
aUmentar>'  canal  by  the  tonic  closure  of  the  sphincters  at  the  cjirdia 

^  and  the  pyionis.  There  is  a  certain  orderliness  in  the  movements 
of  the  stomach,  and  especially  in  the  separation  and  ejection  of  the 
more  liquid  from  the  solid  parts,  which  shows  the  existence  of  a 
specially  adapted  mechanism.  These  movements  have  been  studied 
by  many  investigators,  making  use  of  various  experimental  meth- 

♦  See  Reaumont,  "  PhysioIoRy  of  Dieestion,"  f»eron<l  etlition,  lft47,  p.  \\H, 
t  HofiiieLster  mid  Schutz,  "Archiv  f.  ex  per  Pathologic  und  l*I»annakol- 
ogie,"  1SS6,  vnl.  XX. 
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ods.  The  first  noteworthy  eontributions  to  this  subject  were 
those  made  in  this  country  by  Beaumont  in  his  famous  obsen'ations 
upon  Alexis  8t.  Martin,  the  Canadian  voyageur.  who  had  a  per- 
manent fistulous  opening  in  his  stomach  as  the  result  of  a  gunshot 
wound.*  In  recent  years  the  subject  has  Ix^n  studied  with  great 
success  by  means  of  the  X-rays,t  on  the  excised  stomach. J  and  by 
means  of  tambours  or  »Duntls  introciuced  into  the  stomach  to  meas- 
ure the  pressure  ohanges.J  These  researches  all  unite  in  em- 
phasizing one  fundamental  point, — namely,  that  the  fundic  end 
of  the  stomach  is  not  actively  concerned  in  these  movements,  but 
serves  rather  as  a  resen'oir  for  retaining  the  bulk  of  the  food,  while 
the  muscular  pyloric  region  is  the  apparatus  wliich  triturates  and 
macerates  the  food  and  forces  it  out  from  time  to  time  into  the 
duodenum.  According  to  the  observations  made  with  the  X-ray 
apparatus,  movements  l>egin  a  few  minutes  after  the  entrance  of 
food  into  the  stomach.  Small  contractions  start  in  the  middle 
region  of  the  stomach  and  nm  toward  the  pylonis.  These  moving 
waves  of  contraction  appear  at  regular  inter\'als.  The  pyloric 
portion  Ijecomes  lengthened  and  it  may  I)e  noticed  that  in  this 
region  the  peristaltic  waves  become  more  and  more  forcible  as 
digestion  progresses.  These  nmning  waves  or  rings  of  contraction 
serve  to  press  the  stomach  contents  against  the  pyloms.  According 
to  Cannon,  they  occur  in  the  cat  at  intervals  of  10  seconds  antl  each 
wave  requires  about  20  seconds  to  reach  the  pylorus.  While  in 
human  beings,  to  judge  from  the  sounds  whicii  may  Ix*  heard  upon 
ausculation  when  food  mixed  with  air  is  given,  they  occur  at  intervals 
of  about  20  seconds.  The  obvious  result  of  these  movements  is  to 
mix  the  food  thoroughly,  in  tl»e  intennetliate  and  pyloric  portions 
of  the  slomach.  with  the  acid  gastric  juice  and  to  reduce  it  to  a  thin, 
Hquid  mass, — the  chyme.  At  certain  intervals  the  pyloric  sphincter 
relaxes  and  the  contraction  wave  squeezes  some  of  the  fluid  con- 
tents into  the  duo<lenum  with  ronsiflcrnbfe  force.  The  mechanism 
controlling:  the  relaxation  of  this  sphinrter  is  obscure.  It  does  not 
occur  with  the  approach  of  eacli  contraction  wave,  but  at  irregular 
inten'als.  Cannon  connects  it  in  part  with  the  consistency  of  the 
food,  but  mainly  with  the  effect  of  the  hydrochloric  acid  in  the 
gastric  secretion.  Solid  objects  forced  against  the  pylorus  prevent 
relaxation  and  retard  t!ie  passage  of  tlie  chyme  into  the  intestine. 
When  liquid  food  alone  is  taken  into  the  stonuich  numerous  ob- 
servations, made   l)y  means  of  intestinal  fistulas,  prove  that  the 

♦See  Osier,  "Journal  of  live  AniericAa  MeHical  A.«w!iocUtion/'  Nov.  15, 
1902,  for  life  of  Beaumont  and  account  of  his  work. 

t  See  Cannon,  ".American  Journal  of  PhyHoIojf>-, "  I,  359,  1898;  aod 
Roux  and  Ralthazarc!,  "Archives  de  Pliysiologie,"  10,  85,  1898. 

X  Hofnieister  an<l    Schiitz,   Ittr.   cU. 

j  Moritx,  "Zeitschrift  f.   Hiologie,"  32,  359,   1895. 
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material  may  be  forced  into  the  dtiodenum  within  a  few  minuten. 
Hydrorhloric  acid  in  the  stomach  .seems  to  fax'or  or  produce  a 
relaxation  of  the  pyloric  sphincter,  while  in  the  duotleinim,  on  the 
coDtran.%  it  causes  a  contraction  of  the  sphincter.  In  this  way  it 
may  be  imagined  that  after  each  ejection  of  acid  chyme  tlie  sphinc- 
ter is  kept  closed  until  the  acid  material  in  the  duotlenum  is  neutral- 
ized, and  so,  autotuatically.  u  mechanism  is  provided  by  means  of 
which  the  duodenum  is  charged  at  intervals  and  at  such  times  as  it 
is  prepared  to  receive  and  neutralize  a  now  quantity  of  the  chyme. 
Accordinp  to  this  description,  the  portion  of  the  fowl  toward  the 
pyloric  end  of  the  stomach  is  the  first  to  l>e  thoroufchly  mixed  with 
the  gastric  juice,  and  to  be  broken  down  partly  by  digestion  anil 
partly  by  the  mechunical  action  of  the  coiilructions.  Thiii  portion, 
as  it  is  liquefied,  is  ex{)elled,  and  its  place  is  taken  by  new  material 
forceii  forward  from  the  fundic  enil.  It  would  seem  that  thLs  latter 
portion  of  the  stomach  is  in  a  condition  of  tone,  and  the  pressure 
thus  put  upon  the  contents  is  sufUcitMit  to  force  them  slowly  toward 
the  pyloric  end  as  this  becomea  emptied.  The  older  view  was  that  the 
contents  of  the  stomach  arc  kept  in  a  general  rotar>'  movement  so  as 
to  lx?come  more  or  less  uniformly  mixed;  but  Cannon's  observations, 
anil  also  those  of  Gnitzner.*  indicate  that  the  material  at  the 
fundic  end  may  remain  undisturbe<l  for  a  long  time  and  thus 
escape  mixture  with  the  acid  gastric  juice.  ThLs  fact  is  of  impor- 
tance in  connection  with  the  salivar>' 
digi^tion  of  the  starchy  fooils. 
Obviously  salivao'  <iigestion  may 
proceeil  for  a  long  time  without 
l)eing  affected  by  the  acid  of  the 
stomach.  CIriitzner  fed  rat.s  with 
food  of  diflferent  colors  and  found 
that  the  successive  portions  were 
arranged  in  definite  strata.  The 
food  first  taken  lay  next  to  the 
walls  of  the  stomach,  while  the 
succeeding  portions  were  arranged 
regularly  in  the  interior  in  a  con- 
centric fashion,  as  shown  in  the 
figirre.  Such  an  arrangement  of 
the  food  is  more  readily  understood 

when  one  recalls  that  the  stomach  has  never  any  empt\'  space 
within;  its  cavity  ia  only  as  large  as  its  contents,  so  that  the  first 
portion  of  food  eaten  entirely  fills  it  and  successive  portioas  find 
the  wall  layer  oc(aipied  and  are  therefore  received  into  the  interior. 
The  ingestion  of  much  liquid  mu.st  interfere  somewhat  with  this 
•  GniUner,  "Archiv  f.  die  gesammte  Pliysiologie, "  100,  463,  1906. 


Fib.  "252. — Section  of  froaen 
Btom&rh  o[  rut  tluriiiit  dixeHtion  to 
show  the  «trati6c4itiuii  uf  lonil  gi^'on 
At  Hiffprrnt  timcfl. — {GnHU»er.)  The 
ftKni  was  iciven  in  three  portions  an«i 
coliired  tiifforently:  (int,  black;  sec- 
cmhI.  whito  ^iouir.at«fl  by  vertical 
markiDic);  third,  red  (indic«lod  by 
transverao     roarkinc). 
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stratification.  Whether  the  fact  of  this  stratification  has  any 
hygienic  bearing  with  regard  to  the  most  desirable  sequence  in  our 
articles  of  diet  is  not  yet  apparent.  Cannon*  has  reported  some 
int<?re.sting  experiments  upon  the  relative  duration  of  gastric 
digestion  for  carbohydrates,  proteids,  and  fats  when  fetl  separat4*ly 
ami  combined.  The  foods  were  mixed  ^^'ith  subnitrate  of  bismuth 
and  their  position  in  the  stomach  and  passage  into  the  intestine 
were  watched  by  means  of  the  Roentgen  rays.  It  was  found  that 
carlxihydrate  food  l>efnns  to  pass  out  from  the  stomach  soon  after 
ingestion,  and  reiiuires  only  about  one-half  as  much  time  as  t!ie  pro- 
toin.s  for  complete  ga-stric  digestion.  Futs  remain  long  in  the 
stomach  when  taken  alone,  and  wfien  combinetl  >vith  the  other 
foodstuffs  niai'ke<ily  delay  their  exit  ihrougli  the  pylonis.  This 
distinrt  difTerenr-e  in  the  main  foodstuffs  can  hanlly  I>e  referrcfl  to 
mere  mechanical  consistency,  since  the  fats  are  liquefied  by  the 
heat  of  the  lx)dy.  Cannon  has  sliown  that  this  regulati(.>n  is  not 
effected  through  the  agency  of  the  ext  rinsic  nerves.  After  section  of 
the  splanchnics  and  vagi  the  difference  in  time  !>etween  the  ejection 
of  carbohvilnit^'  and  |>rotein  materia!  still  exists,  so  that  the  con- 
Inil  in  this  matter  must  l>e  exerted  through  some  local  mechanism 
in  the  stomac^h  itself.  If.  in  a  given  diet,  the  carbohydrate  is  fed 
before  the  protein,  the  former,  having  the  position  of  advantage 
toward  the  pyloric  end,  will  be  ejected  promptly  into  the  intestine. 
while  the  protein  is  retained  for  gastric  digestion.  If  the  order  is 
revei-scd  and  the  protein  is  fed  first,  the  passage  of  the  carl>ohydra1« 
out  of  the  stomach  will  lie  retarded.  This  author  has  also  reported 
uumeious  iutei-estinp  exf)eriments,  of  me*lical  and  surgical  int-erest, 
whirli  in<li(.*ale  that  the  motor  activity  of  both  stomach  antl  intes- 
tines nv.iy  be  greatly  <lepiT'sse<l  by  certain  conditions,  especially 
by  meclianicul  lunuilinx  or  by  conditions  of  general  asthenia. 

Regarding  the  general  mechanism  of  the  stomach,  it  may  be 
pointerl  out  that  it  forms  an  ailmirahly  adapted  apparatus  for 
receiving  at  once,  ur  within  a  short  period,  a  large  amotmt  of  fowl 
which  it  reduces  to  a  liquid  or  semiliquid  condition,  partly  by 
digestion,  partly  mechanicnlly,  and  that  it  charges  the  intestine 
at  intervals  with  small  amounts  of  this  chyme  in  such  a  condhion 
as  to  ailmit  of  rapid  digestion.  It  seems  obvious  that  without  the 
stomach  our  nuxle  of  rating  would  have  to  be  changed,  as  it  would 
not  be  possible  to  load  the  intestine  rapidly  with  a  large  supply  of 
food  such  as  is  consumed  at  an  ordinary'  meal 

The    Relation  of    the    Nerves  to   the    Movements  of   the 

Stomach. — The  stomach  receives  nerve  fibers  from  two  sources, — 

the  vagi  and  the  splanchnics, — b\it  its  orderb'  movements  are  merely 

•  f 'annon,  "Amprican  Journal  of  Phyaiolopy,"  12.  3S7,  ISK>I.  For  a 
ffenorol  review  of  f'finiion'H  work,  see  "American  JoumiU  of  the  Medical 
Science*/'  April,  IWKi. 
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iilnte<l  through  those  extrinsic  fil)oi"s;  it  is  essentially  an  auto- 
itir  iir^un.  Thii^.  it  has  lH*rn  shown  that  the  excLsetl  stomach 
(lIofmcLster  and  Schiitz).  when  kept  warm,  continues  To  pxet*ute 
rpfrulnr  movements  which,  if  not  identical  with  those  observe<l  tinder 
normal  conditions,  have  at  least  an  orderly  setiuencc.  So  also  it 
would  appear  fnmi  the  results  of  several  observers  *  that  gastric 
digest  ion  may  procee<l  normally  lM>th  lus  regards  secretion  and 
movements  after  section  of  the  extrinsic  nerves.  We  may  refcard 
the  stomach,  considered  as  a  motor  mechanism,  as  an  automatic 
or^an  like  the  heart.  Its  stimuli  to  movement  arise  within  itself. 
hut  these  movements  are  regulated  hy  the  action  of  the  extrinsic 
nerve  fibers  so  as  to  adapt  them  to  vuiying  conditions.  Whether 
the  automaticity  is  a  property  of  the  plain  muscle  tissue  itself,  or 
depends  upon  the  rich  .supply  of  intrinsic  nerve  ganglia  (plexuses  of 
Meissner  and  Auerbachi.  is  a  question  that  cannot  l)e  nnswered 
definitely  at  present.  Tlie  extrinsic  nerves  not  only  supply  the 
stomach  with  efferent  fil>ei>\  motor  and  secretor}'.  but  also  carrj' 
afferent  fibers  from  the  stomach  to  the  central  nervous  system. 
Regarding  the  purely  efferent  action  of  the  extrinsic  nerves,  the 
results  of  numerous  experiments  seem  to  show  quite  conclusively 
tliat  in  general  the  fibers  received  along  the  vagus  path  are  motor, 
artificial  stimulation  of  them  causing  more  or  less  well-marked  con- 
tractions of  part  or  all  of  the  musculature  of  the  stomach.  It  has 
been  shown  that  the  sphincter  pylori  :is  well  as  the  rest  of  the  muscu- 
lature Is  supplieil  by  motor  iil>oi*s  from  these  nerves.  The  fil)ei's 
coming  through  the  splanchnics,  on  the  contrary*,  are  mainly  inhil>- 
itor>'.  When  stimulated  they  cause  a  dilatation  of  the  contracted 
stomach  and  a  relaxation  of  the  s])hincter  pylori.  Some  ol>servers 
have  reported  experiments  which  seem  to  show  that  this  anatomical 
reparation  of  the  motor  and  inhibitory  fil)ers  is  not  complete;  that 
some  inhibitor}'  fdx^rs  may  l>c  found  in  the  vagi  ami  some  motor 
fibers  in  the  splanchnics.  The  anatomical  courses  of  these  fil>er8 
are  insufficiently  known,  but  there  seems  to  lie  no  (piestion  as  to  the 
existence  of  the  two  physif)logical  varieties.  Tlirough  their  activity, 
without  doubt,  the  movements  of  the  stomacli  may  l»e  inHuenceil, 
favorably  or  imfavora!)ly,  by  conditions  directly  or  indirectly  affect- 
ing the  central  nerAous  system.  Wertheimert  ha.s  shown  ex|>eri- 
mentally  that  stimulntion  of  the  central  end  of  the  sciatic  or  the 
vagus  nene  may  cause  reflex  inhibition  of  the  tonus  of  the  stomach, 
and  Doyon  J  has  confirmetl  this  result  in  cashes  in  which  the  move- 
ments and  tonicity  of  the  stomach  were  first  increased  by  the  action 

•  Sre  Hcidrnhain  in  Hermann ''j  "Handbuch  dcr  Phveiologie, "  vol.  v.. 
p.  118.     Alw>  Cannon.    'American  Journal  i»f  Physiology.  '  1906. 

t  "  Arcliivos  de  ptiy.«ioIogie  norm&le  et  pathologique,  '  1802,  p.  379. 
tibid.,  1895,  p.  374. 
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of  pilocarpin  and  strycbnin.     rannori,  in  his  ol>sorvutions  upon  pj 
foiinri   that   all  movpments  of  tho  stomach  i-eased  us  S(x*n  u.s  thei 
antrnii   showed  ^v^ut^  cif  anxiety.  raRe*  or  dlsti'csft. 

Movements  of  the  Intestines. — ^The  muscles  of  the  small  and' 
the  largo  intestine  are  arningetl  in  two  layers, — an  outer  longitudinal 
and  an  inner  circular  mat. — while  between  these  routs  and  in  the 
subnuimiis  coat  there  are  present  the  nerve-plexuses  of  AuerlKich 
and  Meissner.  The  general  amngement  of  muscles  and  nen'es  isfl 
similar,  therefore,  to  tluit  prevailing  in  the  stomach,  ami  in  accor-™ 
dance  with  this  we  finil  that  the  physiological  activities  exhilMttxl 
are  of  much  the  same  churacter,  only,  jwrhaps.  not  (luite  so  compliix. 

'I  wo  main  forms  of  intestinal  movement  Irnve  been  distinguished,. 
— the  peristaltic  and  the  iH*n(hilar  or  rhythmic. 

Pcrisialsisi. — 'I'he  peristaltic  movement  consists  in  a  constriction 
of  the  walls  of  the  intestine,  which,  beginning  at  a  certain  point, 
passes  downward  away  from  the  stomach,  from  segment  to  segment, 
while  the  jwirts  Iwhind  the  a<ivancing  zone  of  constriction  gmdually  ^ 
relax.    The  evident  effect  of  such  a  movement  is  to  push  onward  thefl 
contents  of  the  intestines  in  the  direction  of  the  movement.     It  is 
obvious  that  the  circular  layer  of  muscles  is  chiefly  involved  in 
peristalsis,  since  constriction  can  oidy  he  i)rrHiuce<l  l>y  contraction 
of  this  layer.     To  what  extent  the  longitudinal  muscles  enter  int 
the   movement   is   not   definitely   determined.    The  terra   **anti 
peristalsis"  is  used  to  descrilx?  the  same  form  of  movement  running 
in   the   opposite    directioii^that    L*^,    toward   the  stomach.     Anti- 
peristaLsLs  is  said  not  to  occui'  under  normal  conditions;  it  has  bcenfl 
observed  in  isolated  pieces  of  intestine  or  in  the  exposed  intestine™ 
of  living  animals  when  stimulated  artificially  or  after  complete 
intestinal  oUstnirtion  (Cannon),  and  Gnitzner  *  reports  a  number  of 
curious  experiments  which  seem  to  show  that  substances  such  aa 
hairs,  ariimal  churciial,  etc.,  introduced  into  the  i'e<'tum  may  gravel 
upward  to  the  stomach  under  certain  conditions.     The  peristaltic 
wave  normally  passes  downward,  and  that  this  diretttiou  of  move- 
ment is  dependent  upon  some  definite  arrangement  in  the  intestinal 
walls  is  shown  by  the  experiments  of  Mall  t  upon  reversal  of  the 
intestines.     In  these  experiments  a  portion  of  the  small  intestine 
was  resected,  turned  around,  and  sutureti  in  place  again,  so  that  in 
this  piece  what  was  the  lower  end  l^ecame  the  upper  end.     In  those 
animals  that  made  a  good  recovery  the  nutritive  condition  gradually 
Ijecame  very  serious,  and  when  the  animals  were  killed  and  ex- 
amined it  was  found  that  there  was  an  accumulation  of  food  at  the 
stomach  end  of  the  reversed  piece  of  intestine,  and  that  this  region 
showed  marked  itilatation. 


1 


*  "  DouUche  rap(hciniftclie  \Vocben«chrift.,"  Xo.  48, 
f*  Johns  Hopkins  Hoapital  Heporta/'  I,  93.  1896. 
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Tlie  i>eristaltic  movements  of  the  intestines  may  l>e  obsen'ed 
upon  living  animals  when  the  ahdnmen  is  oj>enetl.  If  the  operation 
is  made  in  the  air  and  the  intestines  are  ex[)t>sed  to  its  influence,  or 
if  the  conditions  of  temperature  and  circulation  are  otlienvise 
ilisturbedr  the  niovements  obsen'cd  are  often  violent  and  irregular. 
The  [jeristalsis  runs  rapidly  along  the  intestines  and  may  pass  over 
the  whole  length  in  about  a  minute;  at  the  same  time  the  con- 
traction of  the  longitutlinal  muscles  gives  the  bowels  a  peculiar 
writhing  movement.  Movements  of  tliis  kind  are  evidently 
abnormal,  and  only  occur  in  the  body  under  the  strong  stimulation 
of  i)athological  conditions.  Normal  jjeristalsis,  the  object  of  which 
is  t4)  move  the  food  slowly  along  tiie  alimentar>'  tracts  is  tjuite  a 
different  affair.  Ob8er\ers  all  agree  tliat  the  wave  of  contraction 
is  gentle  and  progresses  slowly,  although  at  different  rates  perhaps 
in  different  parts  of  the  intestine.  Acconling  to  Bayliss  anci  Star- 
ling,* the  peristaltic  movement  is  a  complicated  reflex  through  the 
intrinsic  ganglia.  When  the  intestine  is  stinuilatetl  by  a  bolus 
placed  within  its  cavity,  the  musculature  above  the  jjoint  stimulated 
is  excited,  while  that  below  is  inhibited.  In  accordance  with  this 
law  they  find  that  in  peristalsis  the  advancing  wave  of  constriction 
is  precede<l  by  a  wave  of  relaxation  or  inlubiticjn.  The  force  of  the 
contraction  as  measured  by  Cash  f  in  the  dog's  intestine  is  verj'  small. 
A  weight  of  five  to  eight  grams  was  sufficient  to  check  the  onward 
movement  of  the  substance  in  the  intestine  and  to  set  up  violent. 
colicky  contractions  which  caused  the  anijnal  evident  uneasiness. 

Mechanism  of  the  PeriMaltk  Moi'cmait. — The  moans  by  which 
the  peristaltic  movement  makes  its  orderly  forward  progression 
have  not  been  detennined  beyond  question.  The  sbnplest  explana- 
tion would  be  to  assume  that  an  impulse  is  conveyed  directly  from 
cell  to  cell  in  tlie  circular  muscular  coat,  so  that  a  contraction  started 
at  any  point  would  spread  by  tlirect  conduction  of  the  contraction 
change.  This  theor>',  however,  does  not  explain  satisfactorily  the 
Dormal  conduction  of  the  wave  of  contraction  always  in  one  direc- 
tion, nor  the  fact  that  the  wave  of  contraction  is  preceded  by  a 
wave  of  inhibition.  Moreover,  Bayliss  and  Starling  state  that, 
although  the  peristaltic  movements  continue  after  section  of  the 
extrinsic  nerves, — indeed,  become  more  marked  under  these  con- 
ditions,— the  application  of  cocain  or  nicotin  prevents  their  oc- 
currence. Since  these  substances  may  be  supposed  to  act  on  the 
intrinsic  ner\'es,  it  is  probable  that  the  co-ordination  of  the  move- 
ment is  effected  through  the  local  nerve  ganglia^  but  our  knowledge 
of  the  mechanism  and  physiolog>'  of  these  peripheral  nerve-plexuses 
is  as  yet  quite  incomplete. 

Journal  of  PhysioIojO'."  24.  90.  1899. 

Proceedings  of  tlie  Royal  S*ociety,'*  London,  41.  1887. 
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Rh]iihmical  Mnremcnts, —  In  lulilitinn  to  the  peristaltic  wave  a 
second  kind  of  niovpment  may  Ix*  ohservetl  in  tho  small  intestines. 
It  consists  essentially  in  a  series  of  local  constrictions  of,  the  intes- 
tinal wall,  the  const rirlions  occurring  rhythmically  at  those  points 
at  which  masses  of  Uhu\   lie. 

Cannon*  has  studied  these  movements  mast  successfully  by 
means  of  ihe  Koentpen  raj's.  He  finds  that  as  a  result  of  these 
contractions  the  masses  or  strings  of  food  lying  in  the  intestine  are 
siuidonly  segmented,  repeatedly  and  in  a  definite  manner,  into  a 
numl)er  nf  small  pieces,  which  move  to  and  fro  as  the  pieces  combine 
and  are  attain  separated  (see  Fig.  263).  These  segmentations  may 
proceed  at  ihe  rate  of  thirty  per  minute  for  a  t'ertain  time,  and  the 
apparent  result  is  that  the  material  k  well  mi.ved  with  the  digestive 
secretions  and  is  hi-miirht  thoroughly  into  contact  with  the  absorp- 
tive walls.  During  these  rhythniitid  contractions  there  is  no  steady 
progression  of  the  food;  it  remains  in  the  same  region,  although 
subjected  to  repeated  dlvisiorts.     From  time  to  time  the  separated 


DJAKniiii  to  i^how  the  eff«ct  of  the  rhythmical  cooBtrictUiK  mwemfnt* 


the  «ninll  inteslitie  U|miii  llie  rtiiKainnl  f<MMl 

n  veriest  of  wament*  i2> ;    tach  of  the  latter   i^  aiEnin   <Uvide<l  and  the  proc 
nutiitHT  of  tiniea  (^  Rrnl  4).     Evprmiatly  a  i>crin»aliic  wave  fwcf'pK  ihe»e  f  v 
a  rcrtjiin  dif^tanre  and  Kathcn'  them  atauu   into  ■  !''<«(  vtrinit.  wm  hi  (0.      li 
^«*);iiivi)lutiuri   it*   then   tc-|iralril  n^   iJer«rrihc»l  Bbtwe.      iConnon.) 
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pieces    are    caught    by    an    advancing   peristaltic   wave,    moved 

ftirward  a  certain  distance,  and  gathered  again  into  &  new  mass. 
In  this  new  location  the  rhytlmiical  conTractions  again  segment 
and  chuiTi  the  mass  before  a  new  peristaltic  wave  moves  it  on. 
According  to  this  description,  the  rhythmical  movements  are 
local  contractions  (mainly  of  the  circular  muscles)  which  seem 
to  be  due  to  the  local  distension  cause<l  by  the  food.  They  occur 
rhythmically  for  a  certain  period  and  tiien  cease  until  a  new  series 
is  starte<i,  and  it  is  obvious  that  they  m\ist  play  a  very  important 
part  in  promoting  both  the  digestion  and  absorption  of  the  fooil. 
Mall  t  has  suggesterl  that  these  rh^'thmical  contractions  of  the 
circular  coats  may  also  act  as  a  pumping  merhanism  upon  the 
venous  plexuses  in  the  walls  and  thus  aiil  in  driving  the  blood  into 

♦Cannon.  "Amoricnn  Journal  of  rhysioIuEy. "  6,  251,  1902. 
tMail.  " Johns  Hopkins  Hospital  Report*.'^  1896.  i.,  37. 
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the  portal  system.  Somewhat  similar  movements  have  lieen 
described  by  Bunch.*  from  ol>servations  on  tfio  bolateii  intestine. 
The  curious  oliservation  is  reported  t  thul  during  the  period  of 
fasting  (dogi  the  whole  piistro-intestinal  caunl.  although  empty, 
shows  at  intervals  rhythmical  rontraftioas  of  its  musculature 
which  may  hwt  for  twenty  to  thirty  minutes  (see  p.  724). 

The  Nervous  Control  of  the  Intestinal  Movements. — There 
is  some  eviderire  to  slicnv  timt  tfie  rhytljiniial  coutrMitions  of  tiie 
jntestineij  are  muscular  in  oriEin  (myogenic),  while  the  more  co- 
ordinated peristaltic  movements  depend  upfm  the  intrinsic  nervoas 
mechuniMu.  The  intestine  is.  however,  not  liependent  for  either 
movement  upon  its  connections  with  the  cenlral  nervous  system. 
Like  tiie  stomach,  it  is  an  automatic  orj^an  whose  activity  is  simply 
regulated  through  its  extrinsic  nerves. 

The  small  intestine  and  the  greater  j)art  of  the  large  intestine 
receive  visceromotor  nen'e  fibers  from  the  vagi  and  the  sympathetic 
chain.  The  former,  according  to  jnost  oljserv^ers,  when  arlilically 
stinmlated  cause  movements  of  the  intestine,  and  are  therefore 
rRganie<l  as  the  motor  fibers.  It  seems  probable^  however,  that  the 
vagi  carr>'  or  may  earn-  in  some  animals  inhibitor>'  fil)era  as  well, 
and  that  the  motor  elTecta  usually  obtained  upon  stinmlation  are 
due  to  the  fact  that  in  these  nerves  the  motor  iilK^rs  predoiiiinale. 
The  filers  receive4l  fmm  the  sympathetic  chain*  on  the  other  hand, 
give  mainly  an  inhibitors  effect  when  stiiimlated,  although  some 
moUir  filM^rs  ap|>anMUly  may  take  Ihis  path.  BecliLerew  and 
>ILslawski{  stato  that  the  symi>athetic  lil»ers  for  the  small  intestine 
emerge  from  the  spinal  cord  as  medullated  filK?r8  in  the  sixth  dorsal 
to  the  first  lumbar  spinal  nerves,  (or  lower — Hunch)  and  pasa  to  the 
sympathetic  chivin  in  the  splanchnic  nerves  and  tlience  to  the 
semilunar  plexus.  The  paths  of  these  fibers  through  the  central 
ner\'ous  system  are  not  known,  but  there  are  evidently  connections 
extending  to  the  higher  brain  centers,  since  jwychical  states  are 
know7i  to  influence  the  movements  of  the  intestine,  and  according 
to  sonte  ol>3erver3  stinmlation  of  pf>rtion3  of  the  cerebral  cortex 
may  produce  movements  or  relaxation,  of  the  walls  of  the  small  and 
large  intestines. 

Effect  of  Various  Conditions  upon  the  Intestinal  Move- 
ments.— Experiments  Imve  shown  tlmt  the  movements  of  the  in- 
testines may  be  evoked  in  many  ways  in  addition  to  direct  stimu- 
lation of  the  extrinsic  nen'es.  Chemical  .stimuli  may  l>e  applied 
directly  to  the  intestinal  wall.  Meclianical  stimulation — pinching, 
for  example,  or  the  introduction  of  a  bolus  into  the  intestinal 
cavity — may  st^rt  peristaltic    movements.      Violent    movements 

•  Buncli.  "JoaniaJ  of  PhysioloR)'."  22.  3o7.  1897. 

t  Bohliivfr.  ".Xrrluvr-s  dcs  8ri<?nccs*  biolopquea,*'  11,  1,  1U05. 
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may  be  protKioeil  also  bj-  shutting  off  the  blood-supply,  and  a^ 
temporarily  when  the  supply  is  re-established.  A  condition  of 
dyspnea  may  also  start  movements  in  the  intestines  or  in  some 
cases  inhibit  movements  which  are  already  in  progress,  the  stimu- 
lus in  this  case  seeming  to  act  upon  the  central  nen'ouss>-stemand 
to  stimulate  both  the  motor  and  the  inliibitory  fibers.  Oxygen  gu 
witliin  the  bowels  tends  to  susi>end  the  movements  of  the  intes- 
tine, wliile  COj,  CH,,  and  HjS  act  as  stimuli,  increasing  the  mo^-e- 
ments.  Organic  acids,  such  as  acetic,  propionic,  formic,  and 
capr>  he,  which  may  l)e  formed  normally  within  the  intestine  as 
the  result  of  bacterial  action,  act  also  as  strong  stimulants. 

Movements  of  the  Large  Intestine. — The  musculature  in  the 
large  intestine  hu.s  the  same  general  arrangement  as  in  the  Biiiall. 
and   the  usual   view   has  l)een  that  the  movements  are  siniilw, 
although  more  infrequent,  so  that  the  material  received  from  the 
small  intestine  is  slowly  moved  along  while  becoming  mors  and 
more  solid  frtJiii  the  absorption  of  water,  until  in  the  form  of  feces 
it  renche-s  the  .sigmoid  flexure  and  rectum.     Bayliss  and  Starling 
state  that  their  law  of  intestiiuil  i^eristalsis  holds  in  this  portinnaf 
the  intestine, ^ — that  is,  local  excitation  causes  a  constriction  above 
and  a  rlilatation  below  the  point  stimulated.    Carmen,*  however, 
from  his  studies  of  the  normal  movements  in  cats,  aa  seen  b)'  ibe 
Roentgen  rays,  comes  to  the  conclusion  that  the  movements  in  the 
lai^e  intestine  show  a  marked  peculiarity  preAiously  overlooked 
He  divides  the  large  intestine  into  two  parts;  in  the  second,  cor- 
responding roughly   to  the  descending  colon  the  food  is  mo\tJ 
toward  the  rectum  by  peristaltic  waves.    A  number  of  constrictions 
may  be  seen  simultaneously  within  a  length  of  some  inches,    b 
the  ascending  and  transverse  colon  and  cecum,  on  the  contrary',  tli« 
most  frequent  movement  is  that  of  antiperistalsis.    The  food  in  thia 
portion  of  the  canal  is  more  or  less  liquid  and  its  presence  sets  up 
ninning  waves  of  constriction,  which,  begimiing  somewhere  in  t 
colon,  pass  toward  the  ileocecal  valve.     These  waves  occur  in  groups 
separated  by  periods  of  rest.     The  presence  of  the  ilef>cecal  v'alve 
prevents  the  material  from  being  fon-ed  back  into  the  small  in- 
testine.    The  value  of  tliis  pccuUar  nnersal  of  the  uoniml  move- 
ment of  the  bowels  at  this  particular  point  would  seem  to  lie  in  the 
fact  that  it  delays  the  passage  of  the  material  toward  the  reet 
and  by  thoroughly  mi\big  it  gives  increased  opportunities  for  t 
completion  of  the  f>rocesse8  of  digestion  and  absc»rption.     As  t 
colon  becomes  fillerl  some  of  the  material  penetrates  into  t 
descending  part  where  the  normal  peristalsis  ciirries  it  toward 
rectum. 

The  large    intestine — particularly    the  descending  colon  and 
rectum — receives  its  nerve  supply  from  two  sources:    (1)   f 
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^'luch  leave  the  spinal  cord  in  the  lumbar  nen'es  (second  to  fifth 

in  cat),  pass  to  the  sympathetic  chain,  and  thence  to  the  inferior 

mesenteric  ganglia,  which  prohalily  forms  tlic  termination  of  the 

preganglionic  fiber.     From  this  point  the  path  is  continued  by  fibers 

running  in  the  hypogastric  nerves  and  plexus.    Stimulation  of  these 

fibere  has  given  cUffereat  results  in  the  ha  ads  of  various  obser\er5. 

but  the  most  recent  work*  indicates  (hat  they  are  inhibitoty.    (2) 

Fillers  that  leave  the  cord  in  the  saci-al  nerAes  (second  to  fourth) 

form  part  of  the  neni  erigentes  and  enter  into  tlie  pelvic  plexus. 

Wlien  stimulated  the«e  6bers  cause  contractions  of  the  muscular 

coats;  they  may  be  regarded,  therefore,  as  motor  fibers.     As  in  the 

case  of  the  small  intestine  and  stomach,  we  may  assume  that  these 

motor  and  inhibitor>-  fibers  sen'e  for  the  reflex  regulation  and 

adaptation  of  the  movements. 

Defecation. — ^I'he  undigested  and  indigestible  parts  of  the  food, 

together  wi til  some  of  the  dcbna  and  secretions  from  the  alimentan,' 

tract  eventuiilly  reach  the  sigmoid  flexure  and  rectum.     Here  the 

nearly  solid  nmterial  stimulates  by  its  pressure  the  sensor}'  ner\'es  of 

the  rectum  and  priKluces  a  distinct  sensation  and  desire  to  defecate. 

'llie  fecal  nuiterval  is  rctaineil  within  the  rectiun  by  the  action  of 

the  two  sphincter  musde-s  which  close  the  anal  oi)ening.     One  of 

these  mu.soles,  the  internal  sphincter,  is  a  strung  band  uf  the  cin-ular 

layer  of  involuntjir>*  muscle  wliich  fcjrms  one  of  the  coats  of  the 

rectum.     When  the  rectum  contains  fecal  material  this  muscle 

seems  to  l>e  thrown  into  a  condition  rjf  tonic   contraction   until 

the  act  of  defecation  begins,  when  it  is  relaxed.     The  sphincter  is 

composed  of  involuntar>'  muscle  aiul  is  innervated  by  fibers  ha\ing 

the  general  course  given  above  for  the  ncr\'es  of  the  large  intestine. 

The  external  sphincter  ani  is  composed  of  striatetl  muscle  tissue  and 

is  under  the  control  of  the  will  to  a  certain  extent.     When,  however, 

the  stimulus  from  the  rectum  is  sufficiently   intense,  voluntary 

control  is  overcome  and  this  spliincter  is  also  relaxed.     The  act  of 

defecation  is  in  part  volimtary  and  in   part  involuntary".    The 

involuntary  factor  is  found  in  the  contractions  of  the  strongly 

developed  musculature  of  the  rectimi,  especially  the  circular  layer 

which  serves  to  force  the  feces  onward,  and  the  relaxation  of  the 

internal  sphincter.     It  would  seem  that  these  two  acts  are  mainly 

caiise<i  by  reflex  stimulation  from  the  luml)ar  spinul  coni,  although 

it  is  probable  that  the  rectum,  like  the  rest  of  the  alimentar}-  tract, 

is  capable  of  automatic  contractions.    The  rectal  muscles  receive  a 

double  ner\*ous  supply,  containing  physiologically  l>oth  motor  ami 

inliibitorv'   fibers.    The  former  come  probably  from   the  ner\'us 

engens  by  way  of  the  pelvic  plexus;  the  latter  from  the  lumbar  cord 

•  Langley  and  An-JenMin,  "Journal  of  Physiolo^'."  IH.  W7.  1895.  Bay- 
ItMand  SUrling.  I'jiV/.,  26,  107,  1900.  .llso  WUclinowHl^.  in  Herisaan's 
"JahroAbericht  der  Phynologie,"  vol.  xU.,  19U5. 
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through  the  correspoinling  synij)athetu;  ganglia,  inferior  mesenteric 
ganf^lioii,  HUil  hypogastric  nerve.  It  has  been  a.S45erted  that  sttinu- 
lation  of  the  ncr\'us  erigens  causes  contraction  of  the  longitudinal 
muscles  and  inhibition  of  the  circuhir  nuiscles.  wliile  stimulation  of 
the  hyjx^gaiitric  nerve  causes  eoiUraction  of  the  circular  niuiscles 
and  inhibition  of  the  longitudinal  layer.  This  tlivision  of  activity 
has  not  l^een  confirmed  by  recent  experiment.s. 

The  vohmtiir\'  factor  in  defecation  consists  in  the  Inhibition  of 
the  external  sphincter  and  the  contraction  of  the  abdominal  muscles. 
When  these  latter  muscles  are  contracte<I  and  at  the  same  time  the 
rliaphnigm  is  prevented  fn>m  moving  upward  by  the  closure  of  the 
glottis,  the  increased  ahdomin.il  pressure  is  brought  to  beiiru|xm  the 
abdttniina]  and  ix*lvic  viscera,  and  aids  strongly  in  pressing  the 
contents  of  the  descending  colon  and  sigmoid  flexure  into  the  rectum. 
The  pressure  in  the  abdominal  cavity  is  still  further  increased  if 
a  deep  inspiration  is  first  made  and  then  maintained  during  the 
contraction  of  the  abdominal  nuisdes.  Although  the  act  of  defeca- 
tion is  normally  inJliated  by  voluntary  effort,  it  may  also  be  aroused 
by  a  purely  involuntar>'  reflex  when  the  sensory  stimulus  is  suf- 
ficiently strong,  Goltz*  has  shown  that  ui  dogs  in  which  the  spinal 
cor<l  had  been  severed  in  the  lower  thoracic  region  defecation  was 
performed  normally.  In  later  ex|>eriments,  in  wliich  the  entire 
spinal  cord  wius  removed,  excQpi  In  the  cervical  and  upper  part  of 
the  thoracic  region,  it  was  found  that  the  anijual,  after  it  had  re- 
covered from  the  oj^eration,  had  normal  movement  once  or  twice  & 
day,  indicating  that  the  rectum  and  lo\\cr  bowels  acted  by  virtue  of 
their  intrinsic  mechanism.  An  interesting  re^iult  of  these  experi- 
ments was  the  fact  that  the  external  sphincter  suffered  no  atrophy, 
although  its  motor  nerve  was  destroyed,  and  that  it  eventually 
regained  its  tonic  activity. 

It  would  seem  tliat  the  whole  act  of  defecation  is,  at  bottom,  an 
invohmtar}'  reflex.  Tlie  i>hysiok)gical  center  for  the  movement 
probably  lies  in  the  lumbar  con\,  and  has  sensor}'  and  motor  con- 
nections with  the  rectum  and  the  muscles  of  defecation;  but  this 
center  is  prolxibly  provided  %nth  connections  with  the  centers  of 
tlie  cerebrum,  through  which  tlie  act  may  be  controlled  by  volun- 
tary impidses  ami  by  various  psychical  states,  the  effect  of  emo- 
tions upon  defecation  being  a  matter  of  common  knowletlge.  In 
infants  the  essentially  involuntarj'  character  of  the  act  is  well 
known. 

Vomiting. — The  act  of  vomiting  causes  an  ejection  of  the  con- 
tents of  the  stomach  through  the  esoj)hagus  and  mouth  to  the 
exterior.  It  was  long  debated  whether  the  force  producing  this 
ejection  comes  from  a  strong  contraction  of  the  walls  of  the  stomach 

•"Archiv  f.  die  gesammto  Physiologie, "  8,  160,  1874;   63,362,  1806. 
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If  or  whetiier  il  n  due  mainly  to  the  action  of  the  walls  of  the 
(alKlomen.    A   forcible  spasmoiiic   contraction  of  tlic  abdominal 
ilDuscles  takes  place,  as  may  easily  be  observed  by  any  one  upon 
(himself,  and  it  is  now  l>elieved  that  the  contraction  of  these  musclea 
tis  the  prinoiijal  factor  in  vornitinp.     Mapendie  found  that  if  the 
*8ionmch  was  extirpated  and  a  bladder  coiitainitig  water  was  suh- 
iBtituted  in  its  place  and  connected  with  the  esophagus,  injection 
jOf  an  emetic  caused  a  typical  vomiting  movement  with  ejection  of 
'the  contents  of  the  bladder,     flianiizzi  showed,  on  the  other  hand, 
that  upon  a  curarized  animal  vomiting  iMJuld  not  l>e  produced  l>y  an 
« emetic — l>ecause,  ap[>un'ntly,  the  muscles  of   the  fibdomen  were 
I  paralyzed  by  the  cunire.     There  arc  on  record  a  niunlKjr  of  ob- 
,  Ben'ations  which  tend  to  show  that  the  stomach  is  not  passi\'B 
*  during  the  a<:t.     On  the  contrar\',  it  may  exhibit  contractions,  more 
or  less  violent   in   character.     According   to   Openchowski,*   the 
pylorus  is  closetl  and  the  pyloric  end  of  the  stomacii  finuly  con- 
tracted so  as  to  drive  the  contents  toward  the  ililated  cardiac  por- 
tion.   Cannon  states  that  in  cats  the  normal  [wristaltic  waves  pass 
over  the  pyloric  portion  in  the  period  preceding  the  vomiting  and 
that  finally  a  strong  contraction  at  the  ''transverse  band"  com- 
pletely shuts  off  the  pyloric  jwtrtion  from  the  body  of  the  stomach, 
which  at  tliis  tiiue  is  quite  relaxetl.    The  act  of  vomiting  is,  in  fact, 
a  complex  reflex  movement  into  which  many  muscles  enter.    The 
following  events  are  described :   The  vomiting  is  usuall\'  preceiled  by 
a  sensation  of  nausea  and  a  reflex  flow  of  saliva  into  the  mouth. 
These  phenomena  are  succeeded  or  accompanied  by  retching  move- 
lueuts.  which  consist  essentially'  in  deep,  si>asmodic  inspirations  with 
ft  closed  glottis.     The  effect  of  these  mr)vements  is  to  conii)ress  the 
stomach  by  the  descent  of  the  diaphnigni,  and  at  the  same  time  to 
increase  ilecideilly  the  negative  pressim.^  in  the  thorax,  aad  therefore 
in  the  thoracic  portion  of  the  esophagus.     Dviriug  one  of  these 
retching  movements  the  act  of  vomiting  is  effected  by  a  convulsive 
contraction  of  the  abdominal  wall  that  exerts  a  sudden  additional 
strong  pressure  upon  the  stomach.     At  the  same  time  the  canliac 
orifice  of  the  stomach  is  dilated,  possibly  by  an  inJiibition  of  the 
sphincter,  and  according  to  the  above  description  the  fundic  end 
of  the  stomach  is  also  dilated,  while  the  pyloric  end  is  in  strong 
contraction.    The  stomach  contents  are  therefore  forced  violently 
out  of  the  stomach  through  the  esophagus,  the  negative  pressure  in 
the  latter  probably  assisting  in  the  act.     The  j>as8age  tlirough  the 
esophagus  is  effected  mainly  by  the  force  of  the  contraction  of  the 
abdominal  nuiscles;    there  is  no  evidence  of  antiperistaltic  move- 
ments on  the  part  of  the  esophagus  it^lf.    During  the  ejection  of 
the  contents  of  the  stonmch  the  glottis  is  kept  closed  by  the  adductor 

Archiv  f.   Phvsiologie, "   1889,  p.  552. 
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musfles,  iuul  usually  tlie  nasal  L'haml)er  is  likewise  shut  off  from  the 
pharynx  by  the  contraction  of  the  posterior  piihire  of  the  fauces  on 
the  palate  and  u\'ula.  In  violent  vomiting,  however,  the  vomited 
material  may  break  through  this  latter  barrier  and  be  ejected 
partially  through  the  nose. 

Nervous  Mechanism  of  Vomiti?\g. — That  vomiting  is  a  reflex  act 
is  abundantl}'  shown  by  the  frequency  with  which  it  is  produced  in 
consequence  of  the  stimulation  of  sensory  nerves  or  as  the  result 
of  injuries  to  various  parts  of  the  central  nen'ous  system.  After 
lesions  or  injuries  of  the  brain  vomiting  often  results.  Disagreeable 
emotions  and  disturbances  of  the  sense  of  equilibriimi  may  produce 
the  same  result.  Irritation  of  the  mucous  membrane  of  various 
parts  of  the  alimentary  canal  (as,  for  example,  tickling  the  back 
of  the  phari-nx  with  the  finger);  disturbances  of  the  urogenital 
apparatus,  the  liver,  and  other  visceral  organs;  artificial  stimula- 
tion of  the  trunk  of  the  vagus  and  of  other  sensory  ner%'es,  may  all 
cause  vomiting.  Under  ortlinar\'  conditions,  however,  irritation  of 
the  sensory  nerves  of  the  gastric  mucous  membrane  is  the  most 
common  cause  of  vomiting.  This  effect  may  result  from  the  prod- 
ucts of  fennentation  in  the  stomach  in  cases  of  indigestion,  or  may 
be  produced  intentionally  by  local  emetics,  such  as  mustard,  taken 
into  the  stomach.  The  afferent  path  in  this  case  is  through  the 
9ensor\*  fibers  of  the  vagus.  The  efferent  paths  of  the  reflex  are 
found  in  the  motor  ners'cs  inne^^•ating  the  muscles  concerned  in  the 
vomiting, — namely,  the  vagus,  the  plirenics,  and  the  spinal  ner%'es 
supplying  the  abdominal  muscles.  Whether  or  not  there  is  a  defi- 
nite vomiting  center  in  which  the  afferent  impulses  are  rocei\'ed 
and  through  which  a  co-ordinated  series  of  efferent  impulses  is 
sent  out  to  the  various  muscles  has  not  l>een  satisfactorily  deter- 
mined. It  has  been  shown  that  the  portion  of  the  ner\'ous  system 
through  which  the  reflex  is  effected  lies  in  the  medulla,  and  it  may 
be  observed  that  the  muscles  conceme<l  in  the  act,  outside  those 
of  the  stomach,  are  respinxtory  muscles.  Vomiting,  in  fact,  consists 
essentially  in  a  simultaneous  spasmodic  contraction  of  expiratory* 
(abdominal)  muscles  and  inspiratory  nmsclcs  (diaphragm).  It  has 
therefore  i?een  suggested  that  the  reflex  involves  the  stimulation  of 
the  respirator}'  center  or  some  part  of  it.  Thumas  claims  to  have 
located  a  vomiting  center  in  the  medulla  in  the  immediate  neighbor- 
hood of  the  calamus  scriptorius.  Further  evidence,  however,  is 
required  upon  this  point.  The  act  of  vomiting  may  be  produced 
not  only  as  a  reflex  from  various  sensorx-  nerves,  but  may  also  be 
cavised  by  direct  action  upon  the  medullary  centers.  The  action 
of  apomorphin  is  most  easily  explained  by  supposing  that  it  acts 
directly  on  the  nerve  centers. 
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Foods  and  FoodstufiFs. — The  tenn  fi»oti  when  used  in  a  pojmlar 
sense  inchides  everything  thiit  we  eat  for  the  i)ur]x>se  of  nourisliing 
the  body.  From  this  jKjint  of  view  the  food  of  niaiikind  is  of  a  most 
varied  character,  comprising  a  great  variety  of  i>rodu('tH  of  the 
animal  and  vegetable  kingdoms.  Chemical  analysis  of  the  animal 
and  vegetjible  foods  shows,  however,  that  the>'  all  contain  one  or 
more  of  five  or  six  different  classes  of  substances  which  are  usually 
designateii  as  the  ftHjdsluffs  (older  names,  alinientar>'  or  proximate 
princii>les)  on  the  behef  that  (hey  fonn  the  useful  ctuistituent  of  oxir 
foods.    The  classification  of  foodstuffs  usually  given  is  as  follows: 

/  Water. 

I  Inorganic  salta. 
^  Proteins. 
Foodstuffa    \  .\]l>uniinoids,  a  group  of  bodies  resembling  proteius,  but  Uav- 

(iug  ill  some  rettpects  a  dilTeretit  nutritive  value. 
Carbohvdratacs. 
Katd. 

From  the  scientific  [Kiint  of  view,  a  foodstuff  or  food  may  be  define<l 
as  a  suljstance  ali-solutely  necessan,'  to  the  normal  composition  <»f 
the  body,  as  in  the  case  of  water  and  salts,  or  as  a  substance  which 
can  be  acte<i  iipon  \fy  the  tissues  of  tlie  l)ody  in  such  a  way  as  to 
yield  ener^'  (heat»  for  example)  or  to  furnish  material  for  the  pro- 
duction of  living  tissue.  Moreover,  to  be  a  food  in  the  ph>siological 
sense  the  substance  must  not  rlirectly  or  indirectly  affect  injuriously 
the  normal  nutritive  processes  of  the  tissues.  The  five  or  six 
8ul>8tances  named  al)ovc  are  all  foods  in  this  sense.  The  water  and 
certain  salta  of  sodiunij  potassium^  calcium,  magne^um,  iron,  and 
perhaps  other  elements  are  absolutely  necexssar\'  to  maintain  the 
normal  composition  of  the  lisstie.  Complete  withdrawal  of  any 
one  of  these  constituents  would  cause  the  death  of  the  organism. 
Protdns,  fata,  and  carl>ohydrates,  on  the  other  hand,  are  substances 
whose  molecules  have  a  more  or  less  complex  structure.  When 
eaten  and  digested  they  enter  the  1>ody  litpiids  and  are  employed 
either  in  the  s^'nthesis  of  the  more  complex  living  matter,  or  they 
undergo  various  chemical  changes,  spoken  of  in  general  as  metab- 
olism, which   result  finally  in  the  breaking   up  of  their  complex 
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molecules  intr>  nimpler  roiiijinuTnls.  Tbe  fhcmiral  changes  of  metalv 
oILam  or  nutrition  are,  in  the  lon>j  run,  nminly  exothemiif, — ihal 
is,  they  a^e  atteniled  by  tiie  jjro<lut'tion  of  heat.  Some  of  the  chem- 
ical or  internal  oner;^'  that  held  the  eomplex  miUecules  tojsrether 
aKsumew  tlie  fonn  of  hcial.  or  iK.'ihaps  mu.snilar  work,  after  these 
molet'ules  are  broken  down  by  oxidative  changes  to  rsimplcr,  njore 
stable  structures,  such  as  water,  rarl>on  dioxid,  and  urea.  Proteins, 
fats,  and  carlwhj'drates  form  materials  that  the  tissue  cells  are 
adju.sted  to  act  upon  after  they  have  undergone  certain  changes 
during  dij^estion.  Other  complex  organic  compounds  containing 
chemical  energy  are  either  injurious  to  the  tissues,  or  they  have  a 
structure  such  that  the  tissues  cannot  act  upon  them.  Such 
suljstanccs  cannot  l>e  con:^idered  a-s  foods  in  the  scientific  sense. 
When,  thercforc.  we  desire  to  know  the  food  value  of  any  animal 
or  vegetable  product,  we  analyze  It  to  determine  its  composition  as 
regards  water,  salts,  proteins,  fats,  and  carbohydrates.  The 
following  table  compiled  by  Monk  from  the  analyses  given  by 
Kouig*  may  be  taken  as  an  indication  of  the  average  composition 
of  the  most  commonly  usetl  foods: 


COMPOSITION  OF  POODS. 

Water. 

PROTCIM. 

Fat. 

Cakbobtdratk. 

In  100  PkR-n. 

DioavnBLK. 

Caixuiioas. 

AaB. 

Meat 

70.7 
73.7 

36-60 
87.7 
89.7 
13.3 
35.0 
13.7 
42.3 
13.1 
13.1 
10.1 

12  15 

75.5 

87.1 

90 

73-91 
84 

20.8 

12.6 

25-33 

3.4 

2.0 

10.2 

7.1 

11.5 

fi.l 

7.0 

9.9 

9.0 

23-26 

2.0 

1.0 

2-3 

4-S 

0.5 

1.5 
12.1 
7-30 

3.2 

3.1 
0.9 
0.2 
2.1 
0.4 
0.9 
4.0 
0.3 
1^2 
0.2 
0.2 
0.5 
0.5 

0.3 

i-7 

4.8 

6.0 

74.8 

55.5 

C9.7 

49.2 

77.4 

f>8.4 

79.0 

49-54 

20.6 

9.3 

4-6 

3-12 

10 

'.  /. 

0.3 
0.3 
1.6 
0.5 
0.6 
2.5 
0.3 
4-7 
0.7 
1.4 
1-2 
1-5 

13 

KggB 

1.1 

Clieese 

3-4 

Cows'  milk 

Human  milk 

Wheat  flour 

Whfat  bread 

Rye  flcnir 

Rye  bread 

Rioe 

0.7 
0.2 
05 
l.I 
1.4 
1.5 
1.0 

Com 

1.5 

Macaroni 

Peas,  beanfl,  lcntil» 

Potatoes 

Carrots 

0.5 
2^ 
1.0 

0.9 

Cabbages  ........ 

Musbrooms 

Fruit              ...    . . 

1.3 
1.2 
05 

An  examination  of  this  table  shows  that  the  animal  foods,  par- 
ticularly tlie  meats,  are  characterized  by  their  small  pen*entuge  in 
carbohydrate  and  by  a  relatively  large  amount  of  protein  or  of 
protein  and  fat.     With  regard  to  the  la.st  two  foodstuffs,  meats  ihffer 

*Si*o  KOnig.  "  Dip  incnschliclien  Nalirungfi  und  Geniifvinuttcl ":  and 
Atwater  und  Hryant.  "T)ie  t'liemical  Compossition  of  Aincncun  Food  Male- 
rials,''  Bulletin  28.  Tnileti  Stales  Dfpartment  of  AgnculUias  1899. 
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verj'  much  among  themselves.  Some  idea  of  the  limits  of  \ariation 
may  be  obtained  frum  the  foliowing  table,  taken  chiefly  from 
Konig's  analyses: 


Wateb. 

Pbotum. 

Fat. 

CAnBonrttftATS. 

Abb. 

Beef,  moderately  fat  .... 
Wal    fat 

73  03 
72.31 
75.99 
72.57 
62.58 
10.00 

7i.e 

20.96 
1S.S8 
17.11 
20.05 
22.32 
3.00 
18.8 

5.41 

7.41 
5.77 
6.81 
8.68 

80.50 
8.2 

0.46 
0.07 

1.14 

1.33 

Mutton,  moderately  fat. . 
Pork,  lean 

1.33 
1.10 

H&m    Mdted 

6.42 

Pork  (bacon),  very  fat*  . 
Mackerel' 

6.5 
1.4 

The  vegetable  foods  are  distinguished,  as  a  nile,  by  their  large 
percentage  in  carbohydrates  and  the  relatively  small  amounts  of 
protein.s  and  fats,  as  seen,  for  example,  in  the  fompo:^i(ion  ai  rice, 
rem.  wheat,  and  potatoes*.  Nevert]ieles.s.  it  will  be  noticed  that  the 
proportion  of  protein  in  some  of  the  vegetables  is  not  at  all  in.signifi- 
cant.  They  are  rharacterizeii  by  their  exce.ss  in  rarlK>hydrates 
rather  than  by  a  deficiency  in  proteins.  The  composition  of  peas 
and  other  leguminous  foods  is  rpmiukable  for  the  hir^e  [wrcentage 
of  protein,  wliich  exceeds  that  found  in  meats.  Anuly.ses  such  as 
are  given  here  are  imiispen-sable  in  determining  the  true  nutritive 
value  of  foo<ls.  Nevertheless,  it  must  be  borne  in  mintl  that  the 
chemical  composition  of  a  food  is  not  alone  sufficient  to  determine 
it5  precise  value  in  nutrition.  It  is  obviously  tnie  that  it  is  not  what 
we  eat,  but  what  we  digest  and  absorb,  that  is  nutritious  to  the 
body;  so  that,  in  addition  to  determining  the  proj>ortion  of  food- 
stuffs in  any  given  food,  it  is  necessary  to  determine  to  what  extent 
the  several  constituents  are  digested.  This  factor  can  l>e  obtained 
only  by  actual  ex[x?riment-s.  It  may  l>e  said  here,  however,  that 
in  general  the  proteins  of  animal  foods  are  more  completely  digested 
than  are  those  of  vegetables,  and  with  them,  therefore,  cheniical 
analysis  comes  nearer  to  expressing  directly  the  nutritive  value. 

Accessory  Articles  of  Diet. — In  addition  to  the  foodstuffs 
proper  our  fo<Kls  contain  numerous  other  substances  which  in  one 
way  or  another  are  useful  in  nutrition,  although  not  absolutely 
necessary.  These  substances,  differing  in  nature  and  importance, 
may  be  classified  under  the  three  heads  of: 

Flavorn:  llie  varioiui  oils  or  esten*  that  gi\'e  odor  and  taste  to  fooda. 
ConHimpnt!*:  nep|»er,  salt,  niii»tartl,  etc. 
Btimulantd:  alcohol,  lea,  coffee,  cocoa,  etc. 

The  specific  influence  of  these  mil)stances  in  digestion  and  nutrition 
is  considered  in  the  section  on  nutrition. 

•  Atwater:   "The  OK-mistry  of  Fooda  and  Xulrition,"  1887. 
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The  Chemical  Changes  of  the  Foodstuffs  during  Digestion. 
— ^The  physiology  of  fligestion  con8ist.fi  chiefly  in  ttic  study  of  the 
chemical  changes  that  the  food  undergoes  during  ita  passage  through 
the  alimentarv'  canal.  It  happens  that  these  chemical  changes  are 
of  a  j)eculiar  character.  The  jvoniiliarity  is  due  to  the  fact  that  the 
changes  of  digestion  are  effectevl  through  the  agency  of  a  group  of 
liodies  known  as  enzymes,  or  unorganized  ferments,  whose  chemical 
action  is  more  obscure  than  that  of  the  ordinan'  reagents  with  which 
we  have  to  deal.  Tt  will  save  rojiotition  txi  give  here  certain  general 
facts  that  are  known  witli  reference  to  these  bodies,  resening  for 
later  treatment  the  details  of  the  action  of  the  specific  en2}ine3 
found  in  the  different  digestive  secretions. 


ENZYMES  AND  THEIR  ACTION. 

Historical. — The  tenn  fermentation  and  the  idea  that  it  is 
meant  to  convey  has  varied  greatly  during  the  course  of  years.  The 
word  at  first  wivs  applied  to  certain  obvious  and  apjmrently  spon- 
taneous changes  in  oi^ganic  materials  which  are  accompanied  by  the 
liberation  of  bubbles  of  gas:  such,  for  instance,  as  the  alcoholic 
fermentations,  in  which  alcohol  Is  fonned  from  sugar;  the  acid  fer- 
mentations, as  in  the  souring  of  milk;  and  the  putrefactive  fet^ 
mentations,  by  means  of  which  animal  substances  are  disintegrated, 
with  the  production  of  ofFensi\c  otJors.  These  mysterious  phenom- 
ena excited  naturally  the  interest  of  investigators,  and  with  the 
development  of  cheniicnl  knowledge  numerous  other  processes  were 
discovered  wliich  resemble  the  typical  fermentations  in  that  they 
seem  to  be  due  to  specific  agents  whose  mode  of  action  differs  from 
the  usual  cliemical  reactions,  especially  in  the  fact  that  the  causa- 
tive agent  itself,  or  the  ferment  as  it  is  called,  is  not  destroyed  or 
used  up  in  the  reaction.  Thus  it  was  discovered  that  genuinating 
barley  grains  contain  a  something  which  can  be  extracted  by  water 
and  which  can  convert  starch  into  sugar  (Ivirchhoff,  1SI4).  Later 
this  substance  was  scfwirated  by  precipitatittn  with  alcohol  and  was 
given  the  name  of  diastase  (Payen  and  Persoz,  18;^).-  Schwann 
in  1836  demonstrated  the  existence  of  a  ferment  (iM?psin)  in  gastric 
juice  capable  of  acting  upon  albuminous  substances,  and  a  number 
of  similar  bodies  were  soon  di.scovered:  tr>'psin  in  the  pancreatic 
juice,  amygdalin,  invtjrtin,  ptvalin,  etc.  These  substances  were  all 
designated  as  ferments,  and  their  action  was  compared  to  that  of 
the  alcoholic  fermentation  in  yeasty  tlie  process  of  putrefaction,  etc. 
Naturally  very  many  theories  have  l>een  proposed  regarding  the 
cause  of  the  processes  of  fermentation,  I'or  the  historical  develop- 
ment and  interrelation  of  these  theories  references  must  be  made  to 
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Special  works.*  It  is  sufficient  here  to  say  that  the  brilliant  work 
of  Pasteur  cstablisheti  the  fact  that  the  femientjitinns  in  the  old 
sense — alcoholic,  acid,  and  putrefactive — are  due  to  the  preacnce  ^, 
and  acti\ity  of  living  organisms.  He  showeil,  moreover,  thalfll 
many  diseases  are  likewise  due  to  I  fie  uctivity  of  minute  living 
organisms,  and  thus  justified  the  \ie\v  held  I>v  some  of  tlie  older 
physicians  that  there  is  a  close  siiuilarity  in  the  pn»cesses  of  fer- 
mentation and  disease.  The  clear  demonstration  of  the  im|)ortAnce 
of  living  organisms  in  some  fennentnliims  and  tlie  equally  clear 
proof  of  the  existence  of  another  ^roup  of  ferment  actions  in  which 
living  material  is  not  directly  concerned  led  to  a  classification  which 
is  used  even  at  the  present  day.  Tiiis  classification  divided  fer- 
ments into  two  great  groups:  the  living  or  organized  femients,  such 
as  the  yeast  cell,  bacteria,  etc.;  and  the  non-living  or  unorganized 
ferments,  such  as  pejjsin,  tr>'p6in,  et<r.,  which  later  were  generally 
designated  as  enzymes  (Kuhue).  The  se|jaration  apjjeared  to  be 
entirely  satisfactor>'  until  Buchner  (1897)  showed  that  an  tmor- 
ganized  ferment,  an  enzyme  (zymase)  capable  of  producing  alcohol 
from  sugar,  may  l>e  extracted  from  yeast  cells.  Later  the  same 
oliservec  (19(JoJ  succeetled  in  extracting  enzymes  fnim  the  lactic- 
acid-producing  Ijacteria  and  the  acetic-acid-producing  bacteria 
which  are  capable  of  giving  the  same  reactions  as  the  li\ing  bacteria. 
These  discoveries  indicate  clearly  that  tliere  is  no  essential  difference 
between  the  activity  of  Uving  and  non-li\ing  ferments.  The  so- 
called  organized  ferments  prolmbly  produce  their  effects  not  by 
virtue  of  their  specific  Life-metabolism,  but  by  the  manufacture 
within  their  substance  of  sj^ecific  enzymes.  If  we  can  accept  this 
conclusion,  then  the  general  explanation  of  fermentation  is  to  be 
sought  in  the  nature  of  the  enzymatic  processes.  Within  recent 
years  the  study  of  the  enzymes  has  attracted  especial  attention. 
The  general  point  of  view  regarding  the  mode  of  action  of  enzymes 
that  is  moat  frequently  met  with  tonlay  is  that  advocateil  especially 
by  Ostwald.  He  assumes,  reviving  an  older  view  (BerzeUus), 
thai  the  fennent  acrions  are  similar  to  those  of  catalysis.  By 
catalysis  chemists  designated  a  species  of  reaction  which  is  brought 
about  by  the  mere  contact  or  presence  of  certain  substances,  the 
catalyzers.  Thus,  hydrogen  and  oxygen  at  ordinarj'  temperatures 
do  not  combine  to  form  water,  but  if  sjKuigy  platinum  is  present 
the  two  gases  unite  readily.  The  platinum  does  not  enter  into  the 
reaction,  at  least  it  undergoes  no  change,  and  it  is  said,  therefore, 

•Consult  Orwn.  "TIip  Soluble  Fennents  nnd  Fermrtitatioiw. "  1899; 
Effronl.  yEnaymoB  and  their  Applicftlions"  (iraUftlution  by  Pre«cott),  H»02: 
Oppcnbeimer,  "Die  Ferment**  iiml  ilirc  Wirkurigt-n,"  :ii.»c<>ii(l  txlition.  1903: 
atna  Mooiv,  in'*  Recent  Advaiicwt  in  Physioloiry  and  Hio-chemiMrv,  l^omlon 
•ad  New  York/'  1906. 
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to  act  by  catalysis.  Many  similar  catalytic  reactions  are  known. 
and  the  chemists  have  reached  the  important  j?eneralization  that 
in  such  reactions  the  catalyzer,  platinum  in  the  above  instance, 
simply  hastens  a  process  which  would  occur  without  it,  but  much 
more  slowly.  A  catalyzer  is  a  substance,  therefore,  that  altera 
tlie  velocity  of  a  reaction,  but  <loes  not  initiate  it.  This  idea  is 
illustrated  very  clearly  hy  the  catalysi.s  of  hyilropen  peroxid.  This 
substance  decomposes  spontaneou.sly  into  water  and  oxyjren  accord- 
ing to  the  reaction  H/)^  =  HJ)  i  (),  but  the  decomposition  is 
greatly  hiistencd  by  the  presence  of  a  catalyzer.  Thus,  Bredig  has 
shown  that  platinum  in  very  fine  susi>ension,  so-called  colloidal 
solution,  cxortvS  a  marked  acceleratinp  influence  upon  this  reaction; 
one  part  of  the  colloidal  plutinuin  to  '.W)  million  pans  of  water  may 
still  exercise  a  perceptihle  effect.  Now,  the  blood  and  aqueous  ex- 
tracts of  variou.'i  ti.s-sucs  also  catalyze  the  hydrogen  peroxid  readily, 
and  this  efFcft  ha-s  been  attnbuted  to  the  action  of  an  enzyme  (rata- 
liuse).  Tlie  view  has  boon  propo.sed,  therefore,  that  the  enzymes  of 
the  body  a<t  like  the  catalyzers  of  inorganic  origin:  they  influence 
the  velocity  of  certain  special  reactions.  Such  a  general  conception 
as  this  unifies  the  whole  subject  of  fennentation  and  hold.s  out  the 
hope  that  the  more  j>rccise  investigations  that  are  possible  in  the  case 
of  the  inorganic  catalyzers  will  eventually  lead  to  a  better  under- 
standing of  the  underlying  phy.sical  catises  of  fermentation.  It 
should  Ije  borne  in  mind,  however,  that  some  of  the  best  known  of  the 
ferment  actions  ni  the  body,  such  as  the  peptic  or  Iryptic  digestion  of 
protein,  fit  into  this  view  only  theoretically  and  bj'  analogy.  As  a 
matter  of  fact,  allnmiins  at  ordinan'  temperatures  do  not  split  up 
apontiineously  into  the  products  formed  by  the  action  of  |)epsin; 
if  we  consider  that  the  jx»i>sin  simply  accelerates  a  reaction  already 
taking  r>lace,  it  must  be  stated  that  this  reaction  at  ordinary' 
temix^ratuH'S  is  infinitely  slow, — that  is,  practically  docs  not  occur. 
At  higher  temperatures,  however,  similar  decompositions  of  al- 
bumin may  be  obtained  w-ithout  the  presence  of  an  enzyme. 

Reversible  Reactions. — It  has  Ijeen  shown  that  under  proper 
conditions  many  chemical  reactions  are  reversible, — that  is.  may 
take  place  in  opjKJsite  ilirections.  For  instance,  acetic  acid  and 
ethyl-alcohol  brought  together  react  with  the  production  of  ethyl- 
acetate  and  water: 

CH^COOII  +  C,H,OIT  =  CH.COOC,U.  +  H.O. 
Acetic  kciU.  Alcohol.  Ktliy)-acetal«.       W»t*r. 


On  the  other  hand,  when  ethyl-acetate  and  water  are  brought 
together  they  react  with  the  formation  of  some  acetic  aeid  and 
ethyl-alcohol,  so  that  the  reaction  indicated  in  the  above  equation 
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place  in  opposite  directions,  figuratively  speaking, — a  fact 
wbieh  may  be  indicated  by  a  symbol  of  this  kind: 

CHAIOH  +  C,H.OH  :^  CU^OOCII,  +  HA 

It  is  e\'ident  that  in  a  reversilile  reaction  of  tliis  sort  the  opposite 
changes  will  eveut-ually  strike  an  equilibrium,  the  solution  or  mix- 
ture will  contain  some  of  all  four  substances,  and  this  ecjuibb- 
rium  will  remain  constant  as  long  as  the  conditions  arc  unchanged. 
If  the  conditions  are  altered,  however, — if,  for  example,  some  of  the 
substances  formed  are  removed  or  the  mixture  is  alteretl  as  to  it3 
concentration, — then  the  reaction  will  proceed  unequally  in  the  two 
iliroctiona  until  a  new  equilibrium  is  established.  'I'he  imijortance, 
in  the  present  connection,  of  this  conception  of  reversibility  of  reac- 
tions is  found  in  the  fact  that  a  numl>er  of  the  catalytic  reactions 
are  also  reversible.  The  catalyzer  may  not  only  accelerate  a  reac- 
tion l>etween  two  substances,  hut  may  also  accelerate  the  recom- 
position  of  the  products  into  the  original  substances.  An  excellent 
instance  of  this  ilouble  effect  lias  Ijeen  o!>t-ained  by  Kastle  and 
Loevenhart  in  experiments  upon  one  of  the  enzymes  of  the  animal 
body,  lipase.  Lipase  is  the  enzyme  which  in  the  body  acts  upon  the 
neutral  fats,  converting  them  into  fatty  acids  and  glycerin, —a 
process  that  takes  )>lace  as  a  usual  if  not  necessary  step  in  the  diges- 
tion and  absorption  of  fats.  The  authors  alx>ve  named*  made  use 
of  a  simple  ester  analogous  to  the  fats,  ethyl-butyrate,  and  showed 
that  hpase  causes  not  only  an  hy<lrolysis  of  this  subst^ince  into  ethyl- 
alcohol  and  butyric  acid,  but  also  a  synthesis  of  the  two  last-named 
mibstancee  into  ethyl-butyrate  and  water.  The  reaction  effected 
by  the  lipase  is  therefore  reversible  and  may  be  expressed  as: 


C.HtCOOCjH,  +  H,0 

Ethyl-butymtfi.       Water. 


Butyric  acid.      Ethyl  iJLi>br4. 


Lipase  is  capable  of  exerting  probably  a  amilar  reversible  reaction  on 
the  fats  in  the  body.  Assuming  the  existence  of  such  an  action  in 
the  Ixnly,  it  is  p*>ssible  t<»  cxi)lain  not  onl\*  the  digestion  of  fata,  but 
also  their  formation  in  the  tissues  and  their  absor}>ti(»n  from  the 
tissues  during  starvation.  Tliat  is,  acconling  to  the  conditions  of 
concentration,  etc.,  one  anti  the  same  enzyme  may  cause  a  splitting 
up  of  the  neutral  fat  into  fatty  acids  and  gl\'cerin  or  a  storing  up  of 
neutral  fat  by  the  synthesis  of  fatty  acid  and  glycerin.  In  the 
sul>cutancous  tissues,  therefore,  fat  may  \)e  stored,  Uy  a  certain  jxiint, 
or.  if  the  conditions  are  alt^retl,  tlie  fat  that  is  there  may  l>e  changed 
o\'er  to  the  fatty  acids  and  glycerin  and  l^e  oxidize<l  in  the  body  as 
foo<i. 

•  Kfl«t1c  Anil  I.oevenhart,  "American  Chemiral  Journal,"  24.  491,  1900. 
See  al»o  Loe\^nhart,  "  American  Physiological  Journal, "  6,  331,  1902, 
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A  similar  reversibility  Jias  been  shown  for  some  of  the  other 
enz^'mes  of  the  lx)dy  (nialtase  by  Hill,  1 898),  but  whctlier  or  not  all 
of  them  will  be  shown  to  possess  this  power  under  the  conditions  of 
temperature,  etc.,  that  prevail  in  the  body  can  only  be  determined 
by  actual  experijuents. 

The  Specificity  of  Enzymes. — A  most  interesting  feature  of 
the  activity  of  enzymes  is  that  it  is  specific.  The  en2>*mes  that 
act  upon  the  carboliydrates  are  not  capable  of  affecting  the  pro- 
teins or  fats,  and  vice  rersa,  So  in  the  fermentation  of  closely 
relatoJ  bodies  such  as  the  double  sugars,  the  enzyme  that  acts 
upon  the  maltose  is  not  capable  of  affecting  the  lactose;  each  re- 
quires seemingly  it-s  own  si>ecific  enzyme.  In  fact,  there  is  no  clear 
proof  that  any  single  enzyme  can  produce  more  than  one  kind  of 
ferment  action.  If  in  any  extract  or  secretion  two  or  more  kinds 
of  ferment  action  can  he  demonstrated,  tlie  tendency  at  present 
is  to  attribute  tliese  different  acti\'ities  to  the  e?ustence  of  separate 
and  sjjecific  enzymes.  The  pancreatic  juice,  for  example,  splits 
proteins,  starches,  and  fats  and  curdles  milk,  and  there  are  assumed 
to  be  four  different  enzymes  present, — namely,  tn.'psin,  diastase, 
lijKiae,  and  reuuiii.  So  if  an  extract  coutaiiung  diastase  is  also 
cajwibie  of  decomposing  hydrogen  peroxid  it  is  l>elieved  that  this 
latter  effect  is  due  to  the  existence  of  a  special  enzyme,  catalase. 
It  seems  <|uite  ])R»l)aljle  that  tliis  t'j)ecificity  of  tlie  different  enzymes 
mar  Ik*  related,  as  Fischer*  has  suggest^i'd,  to  the  geometrical  struc- 
ture of  tlic  substance  acted  upon.  Each  ferment  is  a^lapted  to  act 
upon  or  become  attached  to  a  molecule  with  a  certain  definite 
structure,— fittcil  to  it,  in  fact,  as  a  key  to  its  lock.  In  this  reK|>ect 
the  action  of  the  Ko-called  hydmlytic  enzymes  differs  markedly  from 
the  dilute  acidw  or  alkalitrs  which  hydrolyze  many  chffereut  substances 
without  indication  af  any  sixjcificity.  Attention  has  been  called  to 
the  fact  that  this  adaj>ti!»iUty  of  enzymes  t^)  certain  specific  struc- 
tures in  the  molocidcs  acted  upon  resembles  closely  the  specific 
activity  of  the  toxins,  and  many  useful  and  suggestive  com- 
parisons may  l>c  drawn  l)etween  the  mode  of  action  of  enzjincs 
and  toxins.  To  how  complete  an  extent  the  iilea  of  the  specificity 
of  the  different  body  enzjmes  may  l>e  carried  is  a  matter  for  future 
experiments.  At  present  the  tendency  is  to  attriljute  each  new  kind 
of  activity  to  a  different  enzyme,  and  as  a  consequence  the  nmnl)er 
of  different  enzj'mcs  supposed  to  exist  in  the  body  is  increasing 
rapidly  with  the  spread  of  experimental  work. 

Definition  and  Classification  of  Enzymes  (Ferments). — ()n 

the  basis  of  the  considerations  presented  in  the  preceding  jjaragraphs 

Opi>cnheimer  suggests  the  following  definition:    An  enzyme  is  a 

substance,  produced  by  lining  cells,  wluch  acta  by  catalysis.     The 

♦Fiacher,  "Zeitacbrift  f.  phyaiolog.  rhemie,"  26,  71,  1898. 


-         ^ 


ooifPoernoN  or  food  and  actiok  of  enzymes. 


6S3 


» 


enzyme  itself  remains  unchanged  in  this  pi-ocess.  an<l  it  arts  specifi- 
cally.— that  is.  each  enzyme  exerts  its  activity  only  upon  sul)stance3 
whose  mole<!ule8  have  a  certain  definite  structural  and  stereochemi- 
cal arrangement.  The  enzymes  of  the  body  are  organic  substances 
of  a  colloid  structure  whose  chemical  composition  is  unknown. 

With  regard  to  the  names  and  classiBcation  of  the  different 
enzymes,  much  difficulty  is  experiencoii.  There  is  no  consensus 
among  workers  as  to  the  s\'steju  to  Ix*  followed.  Duclaux  has  sug- 
geBte<l  that  an  enzyme  l)e  designateti  by  the  name  of  the  l)ody  on 
n^ch  its  action  is  exerted,  and  that  all  of  them  be  given  the  termina- 
tion ase.  The  enzyme  acting  on  fat  on  tliis  system  would  be  named 
lipase;  tliat  on  starch,  ann'hise;  that  on  maltose,  nialtase,  etc.  'J'he 
suggestion  has  been  followed  in  part  only,  the  older  enzymes  which 
were  first  discovered  Iteing  referred  to  most  frecjuenlly  under  tlieir 
original  names.  An  entirely  satisfactory  elassilication  is  imfxwjaible 
at  present.  Haxing  in  mind  only  the  needs  of  animal  physi- 
olog>',  the  following  classification  will  be  used  in  the  treatment  of 
the  subjects  of  digestion  and  nutrition: 

1.  The    prot*ol>tic    or    pmtcin-ftplitting  enr^inos.    Examples:     pepsin 

of  gastric  juice,  tryiwiii  of  paiicruatic  juice.    They  cuu.*m  a  iiyJn>- 
l>-tic  cleavu^e  of  the  protein  mulefule. 

2.  Tlie  aiiiylolytic  or  rtarch-splittiug  enzjiiies.  KxainpJes:  ptyjilin 
or  salivary  (lia.'<ta.He,  aiiiyiophiii  or  jmncreatir  tliastu.^.  Their 
action  is  closely  similar  to  that  of  the  clas^^ical  eiizyrae  of  this  group 
^^iastase— found  in  eennLiiaLiap  barley  grains.  Tlicy  cauae  a 
hydrolytic  cleavage  of  the  i?tarch  molecule. 

3.  The  Hpolytic  or  fat-spHtting  enzyme«.  Example:  the  Ilpa."*e  found 
in  the  pancreatic  secretion,  in  the  Hver,  coniie<iive  tissuc?i,  hlooilf 
He.    Tney  cau^e  a  hydrolytic  cleavage  *if  the  fat  molecule. 

4.  The  BUgar-yphtling  enz>niies.  These  again  fall  uito  two  Md)groupci: 
(a)  The  invt-rting  enzymes,  %vhic*h  convert  tlic  double  sugars  or  di- 
Ba<Tharids  into  the  nioiujsacrliarids.  Kxaniple?*:  ^laita^e,  which 
finlit^  inalto^  to  dcMrocse;  inverta-*e,  which  splits  «ane-?*ugar  to 
cfextrose  ajid  levulose;  and  lactase,  which  spUta  milk-sugar  (lactose) 
to  dextrose  and  galact<»se.  {b]  The  enzymes  which  j*pUt  the  nion»- 
aaccharids.  There  in  evidence  of  the  presence  in  the  tU.sues  of  an 
eosyme  capable  of  (splitting  the  sugar  of  Uie  blood  and  tissues 
(dextroM)  nito  lactic  acid. 

6.  The  coagulating  enzymew,  which  convert  soKible  to  insoluble  pro- 
teins. Examples:  fibrin  ferment  (thrombin  or  thrombose),  that 
cau^eH  clotting  of  the  bhHHl,  and  reunin,  that  cau.se^  clotting  uf  milk. 

6.  The  oxidixing  enzymes  or  oxidiii«;*.  A  group  of  e-nz>'nies  which  net 
up  oxidation  proceaees.  Some  of  the  <ietails  of  the  activity  of 
these  enzymes  are  coosidered  in  the  dtMruMiion  of  phyMo]ogi<-al 
oxidationa  (p.  866). 

The  enzymes  contained  in  the  first,  second,  third,  and  fourth  (a) 
of  these  grou|>s  are  the  ones  that  play  the  chief  roles  in  the  digestive 
proceoBeBf  and  it  will  lie  noticed  that  they  all  act  by  hijdrolysis,^ 
that  is,  they  cause  the  molecules  of  the  sulistance  to  undergo  tie- 
composition  or  cleavage  by  a  reaction  with  water.  Thim,  in  the 
converaion  of  mahose  to  dextrose  by  the  action  of  maltase  the  re- 
^on  may  be  expressed  so: 


I 
I 
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Maltose.  Dextrose,        I>extroee. 

And  the  hydrolysis  of  the  neutral  fats  by  lipase  may  be  expressed 
so: 

Ci|ljL(C«H„0,),  +  3H,0  =  C,H,(OH),  +  3(C«H,0-). 
Tnstearin.  til y cerin .  Stearic  mad. 

General  Properties  of  Enzymes. — The  sjjecific  reactions  of  the 

viirious  enz\incs  of  the  liody  are  referiTCtl  Lo  under  separate  heads. 
Tlie  following  general  characteristics  may  be  noted  briefly: 

SdubiiUy. — Most  of  the  enzymes  are  soluble  in  water  or  salt 
solutions,  or  in  glycerin.  By  these  means  they  may  l>e  extracted 
conveniently  from  the  various  tissues.  In  some  cases,  however,  such 
simple  juethods  do  ikjI  suffice;  the  enzyme  is  destroyed  in  the  process 
of  extraction,  and  to  prove  its  presence  pieces  of  the  tissue  or  the 
juice  pressed  from  tlie  tissue  must  be  employed. 

Temperature. — The  boily  cnzA'mes  are  characterized  by  the  fact 
that  they  are  destroyed  by  high  temjjeratures  (60*^  C.  to  S()°  C.)  and 
that  their  effect  is  retarded  in  part  or  entirely'  by  low  temperatures. 
Most  of  them  show  an  optimum  activity  at  temperatures  approxi- 
mating that  of  the  body. 

PrfcipUalion. — The  enzymes  are  precipitated  from  their  sohitions 
in  jjart  at  least  by  excess  of  alcohol.  Tliis  precipitation  is  fre>t|uently 
used  in  obtaining  purified  specimens  of  enzymes.  The  enzjiues, 
moreo%"erj  shoAv  an  interesting  tendency  to  l>e  carried  down  mechani- 
cally by  flocculent  prec^ipitates  produced  in  their  solutions.  If 
protein  present  in  the  solution  is  precipitated,  for  instance,  the 
enzymes  may  be  carried  <lown  with  it  in  part. 

htcompU-Umess  oj  Ihcir  Action. — In  any  given  mixture  of  a  sul>- 
stance  and  its  enzyme  the  action  of  the  latter  is  usually  not  com- 
plete,— that  is.  all  of  the  substance  does  not  thstippear.  An  explana- 
tion for  IhLs  fact  has  been  found  in  the  revei-Mibility  of  the  action  of 
the  enzyme.  If  the  reaction  proceeds  in  both  directions,  then 
evidently  umler  fixed  conditions  a  final  eriuilibrium  will  be  reached 
in  which  no  further  apparent  chance  takes  plnro.  nithough  in  reality 
the  conditi^Hi  is  not  one  of  rest.  Imt  of  balance  l>etween  op|K).sing 
processes  proceeding  at  a  definite  rate.  Within  the  lx)dy  itself. 
on  the  contraiy,  the  action  of  an  enzyme  may  be  complete,  since  the 
products  are  removed  by  absorption  and  the  possibility  of  a  re- 
versed reaction  is  removed.  In  some  cases — for  ini?tance,  the 
coagulating  enzymes — the  action  is  apparently  always  complete. 

Active  and  Inaciire  Form. — In  many  cases  it  can  be  showTi  that 
the  enzjine  exists  within  the  cell  producing  it  in  an  inactive  form 
or  even  when  secreted  it  may  still  he  inactive.  This  antecedent  or 
inactive  stage  is  usually  designated  as  zynnoqm.  The  zymogen  may 
be  stored  in  the  cell  in  the  form  of  granules  which  are  converted  into 
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Ive  enzyme  at  the  jnomcnt  t>f  set'irtion,  or  it  may  lie  swreted  in 
ive  fomi  and  require  the  fo-oj)erutioii  of  some  other  substanee 
before  it  is  cai)able  of  effecting  its  noraial  reacti<m.  In  such  cases  the 
second  substance  is  said  to  activate  the  enzyme.  An  example  is 
found  in  the  case  of  the  tn*psin  of  the  pancreatic  secretion. 

PARTIAL  LIST  OF  THE  ENZ^T^IES  CONCERNED  IN  THE  PROC- 
ESSES OF  DIGESTION  AND  NUTRITION. 


Emitmx. 

'  Ptyaiin       (aali- 
\'ary  diiistajte. 

Arnylopsia 
t  ^mncreatic 
(luustusc). 

Liver     (lia^tadc. 

Musclu  iliostase. 
Invertaac. 


Lactase. 
Glycolytic? 

(stcap- 


Lipa.se 

sin). 

Pepsin. 
Trypsin. 

ErepfMo. 


Group  of  auUv- 
Iyt»c  I'luyoies. 


Adeoaae. 


OxidM^ 


CatAlaM. 


W«ICItE  CUIKFLT 
FOVNU. 

Salivary  secretion. 


Pancreatic 
turn. 


secre- 


Small     inteRtine. 

iSniall  inteHtine, 
salivary  and 

punerealic  ise- 
cretuin. 

Small  intestine. 

MiiscUyi? 

Pancreatic  secre- 
tion, fat  ti.sfiues, 
blood,  etc 

Gastric  juice. 

Pancreatic  juice. 


Small  intestine. 
Tissues  generally. 

Thymus,  adreoald, 
paDcreaa. 


Spleen, 
liver. 


pancreas, 


Lun^s,  liver, 
cle,    i-tc. 


Many  tissues. 


rauB- 


Acnox. 

Converts  starch  to  sugar 

(maltose). 
Converts  starch  to  sugar 

(maltose). 

Converts  glycogen  to  dex- 
trose. 

Converts  glycogen  to  dex- 
trose. 

Converts  cane-sugar  to 
dextrose  and  Icvulose. 

Converts  mallotse  to  dex- 
trose. 


Conx^rts  lactose  to  dex- 
trose and  galactose. 

Splits  and  oxidizes  dex- 
trose. 

Splits  neutral  fats  to  fatty 
acids  and  glycerin. 

Converts  proteins  to  pep- 
tones and  proteoses. 

Splits   pnit<'ins  into  siiii- 
pier     crystalline    proil- 
ucts. 
splits  peptones  into  sim- 
pler products. 

Spht*;  proicin-i  into  nitroj;- 
iMUHi.H  bases  and  ainino- 
hoilies. 

Converts  guanin  to  xan- 
thin  by  H])littinK  off  an 
NH,  group  as  ammonia 
(Nil,). 

Converts  adenin  to  hypo- 
xanthin  by  splitting  off 
an  \H.  jrroup  as  am- 
monia (NH,). 

Cau9e«  oxidation  of  organ- 
ic Kubstancefl.  as  in  the 
convention  of  hyjKtxan- 
thin  to  xanthin  and  of 
xanthin  to  uric  acid. 

Decomposes  hydrogc'n 
peroxid. 


Chemical  Composition  of  the  Enzymes. — It    was    formerly 
believed  that  the  enzymes  belong  to  the  group  of  proteins.    They 
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are  formed  from  living  matter,  and  the  solutions  as  usually  prepared 
give  protein  reactions.  Increased  study,  however,  has  made  this  be- 
lief uncertain.  The  enzymes  cling  to  the  proteins  when  precipitated, 
and  it  seems  possible  that  the  protein  reactions  of  their  solutions  may 
be  due,  therefore,  to  an  incomplete  purification.  In  fact,  it  is  stated 
that  solutions  of  some  of  the  enzymes  may  be  prepared  (pepsin. 
invertase,  thrombin)  which  show  ferment  activity,  but  give  no 
protein  reactions.  Much  of  the  older  work  upon  the  composition  of 
supposedly  purified  preparations  of  enzymes  is  not  accepted  to-day, 
on  the  ground  that  the  evidence  for  the  purity  of  the  preparations  is 
insufficient.  In  spite,  however,  of  the  very  great  amount  of  atten- 
tion that  has  been  paid  to  these  substances  in  recent  years,  there  is  at 
present  no  agreement  as  to  their  chemical  structure.  Some  au- 
thorities (Arthus)  have  gone  so  far  as  to  suggest  that  the  enzymes 
or,  more  properly,  enzyme  actions,  are  not  due  to  definite  material 
substances,  but  are  to  be  classified  as  forms  of  energy  like  beat, 
electricity,  etc.  The  suggestion  is  not  very  helpful,  but  it  indicates 
forcibly  the  present  uncertainty  regarding  the  real  nature  of  these 
bodies. 


CHAPTER  XLT. 
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THE  SALIVARY  GLANDS  AND  THEm  DIGESTIVE 
ACTION. 

The  first  of  the  secretions  with  which  the  food  comes  into  contact 
b  the  saliva.  This  is  a  mixed  secretion  from  the  lai^e  salivan-  glands 
and  the  small  unnamed  mucous  and  serous  glands  that  o|)en  into  the 
mouth  cavity. 

The  Salivary  Glands. ^The  salivan'  glands  in  man  are  three 
in  numl)er  on  eoich  side — the  jxirotid,  the  submuxilLin',  and 
the  sublingual.  The  parolid  gland  communicates  with  the  mouth 
by  a  larg^  duct  (Stenson'a  duct)  which  oj>eiis  upon  the  iimer 
surface  of  the  cheek  opposite  the  second  molar  tooth  of  the  upper 
jaw.  The  siubmaxillan'  gland  lies  t>eIo\v  the  lower  jaw,  and  its 
duct  (Wliarton's  duct)  opens  into  the  mouth  ca\ity  at  the  side  of 
the  frenum  of  the  tongue.  The  sublingual  gland  lies  in  the  floor  of  the 
mouth  to  the  side  of  the  frenum  and  opens  into  the  mouth  cavity  by 
a  number  (eight  to  twenty)  of  small  ducts,  known  as  the  ducts  of 
Ri\'inus.  One  larger  duct  that  nins  parallel  with  the  (hict  of  Whar- 
ton and  opens  separately  into  the  mouth  cavity  is  sometuues  present 
in  man.  It  is  known  as  the  duct  of  Bartholin  and  occurs  normally  in 
the  dog. 

The  course  of  the  nerve  fibers  supf)!ying  the  large  salivary  glands 
is  interesting  in  view  of  the  physiological  results  of  their  stimulation. 
The  description  here  given  applies  especially  to  their  arrangement 
in  the  dog.  These  glands  receive  their  ner\'e  supply  from  two  general 
sources, — namely,  the  bulbar  autonomics  (or  cerebral  fibers)  and 
the  sympathetic  autonomics.  The  parolid  gland  receives  its  bull^ar 
autonomic  fibers  from  the  glossophar>-ngeat  or  ninth  cranial  ner\-e; 
they  pass  into  a  branch  of  this  nerve  known  as  the  tympanic 
brancli  or  nerve  of  Jacol>son,  thence  to  the  small  superficial  j)e- 
troeal  nene.  through  which  they  reach  the  otic  ganglion.  From  this 
ganglion  they  pass  (postganglionic  fibers)  b\'  way  of  the  auricu- 
lotemporal bmncii  of  the  inferii^r  maxillan-  division  of  the  fifth 
cranial  ner\'e  to  the  parotid  gland  (Fig.  2(>4).  The  8\'mpathetic 
autonomics  pass  to  the  superior  cer\'ical  ganglion  by  way  of  the 
cervical  sympathetic  (Fig.  105)  and  thence  as  pcjstganglionic  fillers 
in  branches  which  accomi»any  the  art4.'ries  distributetl  to  the  gland. 
The  bulbar  autonomic  supply  for  the  submaxillar)'  and  sublingual 
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glands  arises  from  the  brain  in  the  facial  nen'e  and  passes  out  in  the 
chonia  tympani  branch  (Fig,  265J.  This  latter  nerve,  after  emerging 
from  the  t>Tnpanic  cavity  through  the  Glaserian  fissure,  joins  the 


.Bnvtehes'^ 

"^  IrT                 ^1 

/b'^..^-: 

^^^-^J 

«|^-r^          V 

il^    \ 

FIc*  2M. — Schenutlia  repreaentfttian  of  the  oaune  of  the  cerebral  fibers  to  the  parotid  gUod. 

lingual  nerve.  After  running  with  this  nerve  for  a  short  distance, 
the  secretor>"  (and  vasodilator)  ner\*e  fillers  destined  for  the  sub- 
maxillar}' and  sublingual  glands  branch  off  and  pass  to  the  glands, 


TnfniefWanilary 


Fie.  26&. — tichemAtic  represeDtation  or  the  coime  of  the  chonia  tympani  iwrve  to  the 

submaxillary  gland. 


following  the  course  of  the  duct^.  Where  the  chorda  tympani  fil>ers 
leave  the  lingual  there  is  a  small  ganglion  which  has  received  the 
Dame  of  submaxillar  ganglion.    The  nerve  fil>crs  to  the  glands 
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close  to  this  panKlif>n,  but  Lan^lcv  has  shown  that  only  those 
destined  for  the  suMingiml  ghind  really  eonnert  with  the  nerve 
!ccl!s  of  the  ganglijm,  and  he  Kuggests,  tliercfore,  that  it  should 
be  called  the  sublingual  instead  of  tht^  su(niia\illan-  ganglion.  The 
nen*e  fillers  for  the  submaxillary  gland  make  eonnectiona  with  nerve 
eells  lying  mainly  wilhin  tlic  liihin  of  the  gland  it.self.  The  supply 
of  5>'Tnpathetic  autonomics  has  the  same  general  course  as  those 
for  the  parotifl. — namely,  through  the  cer\iral  sj-mpathetie  to  the 
Kiperior  eer\'irid  ganghon  and  thenee  to  the  glands. 

Histological  Structure. — The  sjihvary  glantls  IHong  to  the  type 
of  compound  tul)ular  glands.  That  Ik,  the  inn-reting  (xirtions  are 
tubular  in  shape,  although  in  crf>ss-.s<ytions  tln^e  tulx^  may  pre- 
sent various  outlines  according  as  the  plane  of  the  section  jwisses 
through  them.  The  (Mirotid  Ls  de.sfrihe<l  usually  as  a  typirni  serous 
or  albuminous  gbmd.  Its  secreting  e)»itlK'Iiuni  is  comixMsed  of  cells 
which  in  the  fresii  condition  jus  well  a:^  in  preservwl  sixriniens  contain 
numerous  tine  granules  and  its  secretion  contains  some  alliuniiu. 
The  submaxillar>-  gland  differs  in  histolog\'  in  different  animals. 
In  some,  as  thetiog  or  cat,  the  secretor\'  tubes  are  comj)osed  chfefiy 
or  exclusiveJy  «)f  epithelial  cells  of  the  rnucons  ty|X'.  In  man  the 
gland  is  of  a  mixed  type,  the  sccretor>'  tubes  containing  both  mucous 
and  albuminous  cells.  The  subljn*;ual  gland  in  mtui  also  contains 
both  varieties  of  eell.*^,  although  the  mucous  eells  predominate.  In 
Bccorrlance  with  these  histological  cJiamcteristics  it  is  f<iund  that  the 
»e<'rvtion  from  the  submaxillar)'  and  sublingual  glands  is  thick  and 
mucilaginous  as  comparcil  with  that  from  the  parotid. 

hi  the  imiroiis  elnixU  niinllier  variety  of  cell,  tlie  j*f»-rttllc<l  <!etnilune»  or 
erescent  reUs,  Is  fret)iio!aly  met  with,  tunl  tlie  physiological  sigiiificiuice  of 
these  cells  ha:*  l«eu  the  subject  of  miu-h  (li»cuH.Muri.  The  deniitunes  are 
crescent-shaped,  pramilar  celLn  lying  l>etwc€n  the  mucous  cells  luid  ihe  base- 
ment membrane,  und  not  in  contact,  therefore,  with  the  central  lumen  of 
Uie  tube.  AcconlLiig  to  Heidenhaiti,  the^o  demilune!^  are  for  the  purpocw 
of  replacitiK  the  miicoas  cells.     In  consof^ncnce  of   long-continncd   acti\'ily 

I  the  mucou^>  celU  mity  di.-tintefcratc  and  (hMi{)|>par,  ant]  the  dcnuhincs  then 
develop  into  new  nnicoas  celU.     Another  view  is  that  the  dentilmie.-^  repr(fr%ent 

I  distinct  secretor>'  celU  of  the  albuminous  type,  while  others  assert  thai  they 
mre  a  !*ijecific  tvjie  of  cell  with  probably  si»eoifio  functions* 

The  salivar>^  glands  poeeees  definite  eecreton'  nerves  which  when 

stinudateii  cause  the  formation  of  a  secretion.    This  fact  indicates 

that  there  must  be  a  direct  contact  of  some  kind  l>etween  the  gland 

cells  and  the  terminations  of  the  secretory  tilKTs.    The  ending  of  the 

nen^e  fibers  in  the  submaxillar)'  and  sublingual  glantls  has  f)een  de- 

Bcribeil  by  a  numl>er  of  ol>se^^T^s.t  The  accounts  tliffer  somewluit  as 

to  det&ils  of  the  finer  anatomy,  but  it  seems  io  be  clearly  established 

that  the  secretorj*  fibers  fn)m  the  chorda  tym|)ani  end  first  arrjund  the 

•.See  Noll,  "Arohiv  f.  Phy.-iolopie, "  1902,  «uppl.  volume,  lf>6. 
t  See  Huhcr,  "Journal  of  Experimental  Medicine,"  1,  281,  1896. 
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intrinsic  ner\*e  ganglion  cells  of  the  glands  (preganglionic  fil>er8),and 
from  these  latter  cells  axons  (postganglionic  fil)ere)  are  distributed 
to  the  secreting  cells,  jMissing  to  these  cells  along  the  ducte.  TIh' 
nen'e  fillers  tomiinate  in  a  jilexus  iif>on  the  niembmnfl  prnpria  of  the 
alveoli,  and  from  this  plexus  fine  fibriJs  \MiSS  inwanl  to  end  on  ami 
between  the  secreting  cells.  It  would  seera  from  these  obeervation^ 
thjit  the  nerve  fibrils  do  not  jx^netrate  or  fuse  with  the  gland  cclb. 
as  was  fonnerly  sup[x>sed,  but  form  u  terminal  network  in  conurt 
with  the  cells,  folhjwing  thus  the  general  schemia  for  the  conneclifm 
between  nen'e  filwrs  and  ix^riiUieral  tissues. 

Composition  of  the  Secretion. — 'I'he  saliva  as  it  is  found  in  the 
mouth  is  a  colorless  or  opalescent,  tiirl)id,  and  mucilaginous  liquid  of 
weakly  jvlkaline  reaction  and  a  sjxx-ific  gravity  of  alK>ut  1,003.    It 
may  contain  numerous  fiat  celLs  derivwi  from  the  epitheliiun  of  ihe 
mouth,  and  the  i)eculiar  spherical  cells  known  as  salivar>'  corpuscles, 
which  seejn  to  be  altere<l  lexicocytes.    The  important  constituent 
of  the  secretion  are  nnicin,  a  diastatic  enzyme  known  as  ptyafin, 
nialtas(*,  traces   of   prf>toin    and   of   potassium   sulphocyanid.  and 
inorganic  salts  .such  its  poliussium  and  .sodium  chlorid,  potaaMum 
sulphate,  sodium  carbonate,  and  calcium  carbonate  and  phosplwle 
The  carbonates  are  partictilarly  abundant  in  the  saliva,  and  the 
secretion    in    addition    contains   much   carbon   dioxid   in  ^ihitioii. 
Thus.   Pfliiger  found  that   65   volumes  |K*r  cent,  of  CO,  might  1* 
obtained  from  the  saliva,  of  which  42.5  per  cent,  was  in  the  form  of 
carbonates.     The  amount  of  COj  in  .solution  and  combinetl  is  ao 
indication  of  the  active  chemical  changes  in  the  gland. 

Of  the  organic  con.stituents  of  the  sjdivn  the  protein  exists  in 
small  an<l  variable  quantities,  and  it.s  exact  nature  is  not  determined. 
The  mucin  give-s  to  the  saliva  its  ropy,  mucilaginous  character 
This  substance  l)elongs  to  the  group  of  combined  prnteins,  glyco- 
proteins (see  Appendix),  consisting  of  a  protein  combined  with  a 
carbohydrate  group.  The  most  interesting  constituent  of  the  mixwl 
saliva  is  the  ptyalin  or  salivnr\'  diastase.  This  body  Ijelungs  to  the 
group  of  enzymes  or  unorganized  ferments,  whose  general  properties 
have  fieen  de.scril)ed.  In  some  animals  (dog)  ptyalin  seems  to  be 
normally  absent  from  the  frash  saliva. 

The  secretions  of  the  parotifl  and  the  submaxillary*  glands  can  lie 
obtaineil  separately  In  inserting  a  caiuuda  into  the  openings  of  the 
ductj^  in  the  mouth,  or,  according  to  the  method  of  Pawlow.  by  tranfr 
ferring  the  end  of  the  duct  so  that  it  opens  upon  the  skin  inst'Cad  of 
in  the  mouth,  making  thus  a  8ahvar>'  fistula.  The  secretion  of  the 
sublingual  nan  only  be  obtained  in  sufficient  quantities  for  analysis 
from  the  lower  aninuils.  Examination  of  the  sejuirate  secretions 
shows  that  the  main  difTcrence  lies  in  the  fact  that  the  parotid  aalivs 
contains  no  mucin,  while  that  of  the  subnuudllai>'  and  eepecially  of 
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the  sublingual  gland  is  rich  in  mucin.  The  parotid  saliva  of  man 
seems  to  1>e  particularly  rich  in  ptyalin  as  compared  with  that  of  the 
submaxillan",  while  the  secretion  of  the  latter  and  that  of  the  sub- 
lingual gland  give  a  stronger  alkaline  reaction  than  the  parotid  sahva. 

The  Secretory  Nerves. — The  existence  of  secn;tor\-  ner\'es  to  the 
salivary  glamb  was  discovered  by  Ludwig  in  ISol.  The  discover)*  is 
particularly  interesting  in  that  it  marks  the  l)egiiming  of  our  knowl- 
edge of  this  kind  of  ner\*e  fil)er.  Ludwig  fotmci  that  stimulation  of 
the  ehonla  tympani  ner\'e  caiises  a  flow  of  saliva  frt)m  tlie  subma>dl- 
lar>-  gland.  He  establiahe<i  also  several  iin|x>rtaiit  facts  with  regard 
to  the  pressure  and  composition  of  the  secretion  which  will  1^  referred 
to  presently.  It  was  aftenvartl  shown  that  the  siilivary  glands  re<*eive 
a  double  ner\'e  supply , — in  i)art  by  way  of  the  cervical  symi)athetic 
and  in  part  through  cerebral  nerves.  It  was  discovered  also  that 
not  only  are  secretory'  fibers  carried  to  the  glands  by  these  paths, 
but  that  vasomotor  fibers  are  contained  in  the  same  ner\"e8, 
anil  the  arrangement  of  these  latter  fibers  is  such  tliat  the  cerebral 
ner\'cs  contain  vasoililator  fil>ers  that  cause  a  dilatation  of  the  small 
arteries  in  the  glands  and  an  accelerated  blood-flow,  while  the  svm- 
pathetic  carries  vasoconstrictor  fibers  whose  stimulation  causes  a 
coastriction  of  the  small  arteries  and  a  dinunishe<l  blooil-flow.  The 
effect  of  stimulating  these  two  sets  of  fibers  is  fouii<l  to  vary  somewhat 
in  different  animals.  For  purposes  of  description  we  nmy  confine 
ourselves  to  the  effects  obser\'ed  on  dogs,  since  much  of  our  funda- 
mental knowledge  ui»n  the  subject  is  den  veil  from  Heidenliain's* 
experiments  upon  this  animal.  If  the  chorla  tympani  nerve  is 
stimulated  by  weak  induction  shocks,  the  gland  Ix'gins  to  secrete 
promptly,  and  the  secretion,  by  proper  regidation  of  the  stimulation, 
may  be  kept  up  for  hours.  The  secretion  thus  obtainetl  is  tliin  and 
water>*,  flows  freely,  is  abundant  in  amount,  and  contains  not  more 
than  1  or  2  ])er  cent,  of  total  solids.  At  the  same  time  there  is  an 
increased  flow  of  blood  through  the  gland.  The  whole  gland  takes 
on  a  redder  hue,  the  veias  are  distended,  and  if  cut  the  blood  that 
flows  from  them  is  of  a  redder  color  than  in  the  resting  gland,  and 
may  show  a  distinct  pulse — all  of  which  points  to  a  dilatation  of  the 
small  arteries.  If  now  the  s^-nipathetic  fibers  are  stiniulatetl,  quite 
different  results  are  obtained.  The  .<aecretion  is  relatively  small  in 
amount,  flows  slowly,  is  thick  and  turbid,  and  may  contain  as  mtich 
as  6  per  cent,  of  total  sr^lids.  At  the  same  time  the  gland  becomes 
pale,  and  if  the  veins  be  cut  the  flow  from  them  is  slower  than  in 
the  resting  gland,  thus  indicating  that  a  vasoconstriction  has 
occurred. 

The  increased  vascular  supply  to  the  gland  accompanying  the 

•"Pfliiger's  Archiv  fur  die  ffesanimt*  Ph\-»iologie, "  17,  1,  1878;  also 
b  Herm&nn'ii  "Hondbueh  dcr  Physiologic,"  1883,  vol.  v,  part  i. 
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abundant  flow  of  "chorda  saliva'*  and  the  diminished  flow  of  blood 
during  tlie  scanty  secretion  of  " synipathetic  saliva "  suggest  iiaturallv 
the  idcji  that  the  whole  process  of  secretion  may  l>e,  at  bonoru,  u 
vasomotor  phenomenon,  tlie  anMJunt  of  secretion  dejiending  onlv  nn 
the  quantity  ami  pressvmj  of  the  blood  flowing  through  iJie  ^nd. 
It  has  ix^en  siiown  conclusively  that  this  idea  is  erroneous  ami  liini 
definite  secretory*  fibers  exist.  The  following  facts  may  1>€  (|uot«l 
in  supjKjrt.  of  this  statement:  (1)  Ludwig  wiiowevi  tlml  if  a  ni^nnn 
nuinomcter  is  comiectetl  with  the  duct  of  the  submaxillar)-  gland  umi 
the  ciiorda  is  then  stimulateii  fur  a  certain  time,  the  [jressure  in  liic 
duct  may  become  greater  than  the  blooti-pressure  in  the  gland. 
I'hLs  fact  shows  that  the  secretion  is  not  derived  entirely  by  jMtiwases 
of  filtration  from  the  blood.  (2)  If  the  blcxxl-fiow  l)e  shut  <iff 
comj>letely  fnjm  tlie  gland,  stimulation  of  the  chorda  still  gives  » 
secretion  for  a  sJiort  time.  (3)  If  atn)pin  is  inj€*cte<l  into  the  gland, 
Btimulatiou  of  the  chorda  causes  vascidar  dilutation.  but  un 
secretion,  Tliis  may  Ik;  explained  by  supjx)8ing  that  the  atropin 
puralviies  (he  secretory,  but  not  the  dilator  filx^rs.  (4)  HydiT*- 
chlorate  of  <|uinin  injected  into  the  gland  c-auses  vjiscular  dilatation, 
hut  no  secretion.  In  this  cMse  the  secretor>'  fil)ers  are  still  irritable, 
since  stinuilatioa  of  the  chord.-i  gives  the  uaunl  se<'reiion. 

A  sliil  mon»  marked  difference  between  the  effect  of  stimiilalion 
of  the  cerebral  and  the  sympathetic  filers  may  be  observed  in  ihe 
ease  of  the  parotid  gland  in  the  dog.    Stimulation  of  the  cerebral 
fibers,  in  any  part  of  their  coui*se.  gives  an  abundant,  thin,  and 
watery  saliva,  poor  in  so]i4l  constituents.     Stimulation  of  the  sym- 
pathetic tthcr.s  alone  (provided  the  cerebral  fil)ere  have  not  liwn 
stimulated  shortly  bcfoi-e  and  the  tympanic  nerve  has  been  ciii  to 
prevent  a  reflex  effect)  gives  usually  no  perceptible  secretion  at  all. 
But  in  this  last  stimulation  a  marked  elTet't  Lb  produced  upon  tl»ft 
ghind,  in  spitt*  of  the  absence  of  a  visible  secretion.     This  is  shown  by 
the  fact  tlmt  subsequent  or  gimultaneous  stimulation  of  the  c<*rcbnil 
filjers  causes  a  secretion  ver\'  uidike  that  given  by  the  cerebral  iibertj 
alone,  in  that  it  is  very  rich  indeed  in  organic  constituents.    TIj 
amount  of  oi^anic  matt«»r  in  the  secretion  may  l>e  tenfold  that  of 
saliva  o!)tained  Ity  stimulation  of  tlie  cerebral  fil)ers  alone. 

Relation  of  the  Camjtosiiion  of  tftc  Sccrtium  to  the  Strength  oj  Stimu- 
lation.— If  the  stimulus  Ui  the  chorda  Ls  gradually  incrcaseil  in 
strength,  care  being  taken  not  to  fatigue  the  gland,  the  chemical 
comj)ositinn  of  the  secretion  is  found  to  change  with  reganl  to  th( 
relative  amounts  of  the  water,  Uie  siilts,  and  Ihe  oi^anic  nmteriid. 
The  water  and  the  salts  increase  in  amount  with  the  inc 
strength  of  stimulus  up  to  a  certain  maximal  limit,  wliich  for  th< 
salts  is  about  0.77  per  cent.  It  is  important  to  observe  tliat  ihh 
effect  may  be  obtained  from  a  perfectly  fresh  gland  as  well  as  from  d 
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gland  which  hiul  previously  been  secreting  artivr^ly.  With  regard 
to  the  organic  constituents  the  precise  result  ohUiincd  dcj^enda  on 
the  condition  of  the  gland.  If  previous  to  the  stinuilatiou  the  gland 
was  in  a  resting  condition  and  unfatigiied,  then  increased  strength 
of  stimulation  is  followe<l  at  first  by  a  rise  in  t!ie  percentage  of  organic 
constituents,  and  this  rise  in  the  Ix^ginning  is  more  marked  than  in 
the  case  of  the  salts.  But  with  continued  st'unulation  the  increase 
tn  organic  material  soon  ceases,  and  liimlly  the  muountlK'gins  actually 
to  diminish,  and  may  fall  to  a  low  point  in  spite  of  the  stronger 
stimulation.  On  the  other  hand,  if  the  gland  at  the  lieginning  of  the 
expeiiment  had  l>cen  previously  workeil  to  a  consideral)  le  extent, 
then  an  increase  in  the  stimulating  current,  wliile  it  augments  the 
amount  of  water  and  stilts,  either  may  have  no  effect  at  all  iii>on  the 
orji^inic  constituents  or  may  cause  only  a  tcmix>rar>'  inrrejkst*,  ipiickly 
followed  by  a  fall.  Similar  results  may  be  obtained  from  stimulation 
of  the  cerebral  nerves  of  the  parotid  gland.  The  above  facts  led 
Heidenhain  to  believe  that  the  condititms  determining  the  secretion 
of  the  oncanic  material  are  different  from  those  controlling  the  water 
and  salts,  and  he  gave  a  rational  explanation  of  the  differences 
obsen'ed,  in  his  theor>'  of  tropliic  and  8ecrctor>'  fllwrs. 

Theory  of  Trophic  and  Secretory  Nerve  Fibers.— This  theory 
supposes  tliat  two  physiological  varieties  of  nerve  filters  are  distrilv 
uted  to  the  salivan*  glands.  One  of  these  \'arietie3  controls  the 
secretion  of  the  water  and  inorganic  salts  and  its  fibers  may  be  called 
eecreton-  fibers  proper,  wlule  the  other,  to  which  the  name  trophic 
is  given,  causes  the  fonnation  of  the  origan  ic  constituents  of  the  secre- 
tion, proljably  by  a  direct  influence  on  the  metalx)Iism  of  the  cells. 
Were  the  trophic  fibers  to  act  alone,  the  organic  products  would  be 
formed  within  the  cell,  but  there  would  be  no  visible  secretion,  and 
this  is  the  hypothesis  which  Heidenhain  uses  to  explain  the  results  of 
the  experiment  dcscril>ed  above  uj^on  stimulation  of  the  sympathetic 
fil>ere  to  the  parotid  of  the  dog.  In  this  anbnal,  apparently,  the 
sympathetic  branches  to  the  parotid  cont-ain  exchisively  or  almost 
exclusively  trophic  fil>er3,  while  in  the  cerebral  branches  both  trophic 
and  secretory-  fil>ers  proper  are  present.  The  results  of  stimulation 
of  the  cerebral  and  sympathetic  branches  to  the  submaxillarv'  gland 
of  the  same  animal  may  be  explaine<l  in  terms  of  this  theon*  by 
supposing  that  in  the  latter  nene  trophic  fibers  preponderate,  and 
in  the  former  the  secretory  fibers  proper. 

It  is  obN-ious  tliat  this  anatomical  separation  of  the  two  sets  of 
fibers  along  the  cerebral  and  sympathetic  j)aths  may  be  open  to 
individual  variations,  and  that  dogs  may  l)e  found  in  which  the  8>'m- 
pathetic  branches  to  the  parotid  glands  contain  secretor>'  filjera 
proper,  and  therefore  give  some  flow  of  secretion  on  stimulation. 
TfaeBe  variations  might  also  be  expected  to  be  more  marked  when 


094 


PHV8IOLOGY  OF  DIGESTION  AND  SECRETION. 


animab  of  different  jrroups  are  mmpared-  Thus,  LanK;!ey* 
that  ill  cats  tlie  syiupulhetic  saliva  from  the  submaxillan-  gl; 
less  viscid  than  the  chorthi  saii\a. — just  the  reveree  of  what  occure 
in  the  dog.  To  apply  Heideiihain's  t  heory  to  this  case  it  i*'  neceswan* 
to  assume  that  in  the  i*at  the  trophic  fibers  run  chiefly  in  the  chorda. 

The  way  in  which  the  tmphic  fibei's  act  has  heen  briefly  imiiraltNL 
They  may  be  supposed  to  set  up  mctalxjlic  chan(i;es  in  the  proti»- 
ptusm  of  the  cells,  leading  to  the  formation  of  certain  definite  prod- 
ucts, such  as  mucin  or  ptyalin.  That  such  changes  <io  occur  ii 
abundantly  slunvn  l)y  microscopical  examination  of  the  resting  and 
the  active  n!und,  the  details  of  which  will-l^  ^veii  pi-esently.  In 
general,  these  dianges  may  be  supposed  to  be  catul>olic  in  nature; 
that  is,  they  coasist  in  a  disassociation  or  breaking  down  of  ibc 
complex  living  material,  with  the  formation  of  the  simpler  and 
more  stable  or^^anic  const  ituents  of  t  he  secret  ion .  That  thew 
chaufiGS  involve  processes  of  oxidation  is  shown  by  the  fact  ihat 
iluring  activity  tlie  gland  takes  up  more  oxygen  and  gives  off  more 
carlwn  dioxid.  There  is  evidence  to  show  that  these  gland  oelb 
during  activity  form  fresh  matenal  from  the  nourishment  supplied 
by  tlie  blood;  that  is,  that  atmboHc  or  building-up  pnx-esses  occur 
along  with  the  catabolic  changes.  The  latter  are  the  more  obvioua. 
and  are  the  changes  which  are  iwually  associated  with  the  action 
of  the  trophic  nerve  fibers.  It  is  possible,  also,  that  the  anabolic 
or  growth  cliangos  may  l)e  under  the  control  of  separate  fibeis, 
for  which  the  name  anabolic  filjei-s  would  l>e  appropriate.  8ati?- 
fat'toiy  proof  of  the  existence  of  a  separate  set  of  anabolic  filjers  hw 
not  yet  l^een  furnished. 

The  method  of  action  of  the  secretory  filjers  proper  Ls  difficult  to 
understand.  At  present  the  theories  suggested  are  entirely  specula- 
tive. Experiment's  have  shown  that  the  amt)unt  of  water  given 
off  from  the  blood  during  secretion  is  somewhat  great-er  than  the 
amount  contained  in  the  saliva, f  and  there  is  reason  to  Ijelieve  that 
the  diilerence  between  the  two  is  accounted  for  by  an  increase  in 
tile  flow  of  lymph  from  the  gland  during  activity.  A  sat isf actor)' 
ex|)Ianation  of  the  causes  leading  to  and  controlling  the  flow  of 
water  canmit  yet  1m;  given.  In  a  general  way  we  may  Ijclieve  that 
the  effect  of  the  nerve  impulses  is  to  cause  the  production  of  sub- 
stances within  the  cells  whereby  their  osmotic  pressure  is  increju*MNK 
and  a  stream  of  water  is  set  up  from  the  blood  in  the  capillaries 
toward  the  gland  cells.  The  activity  of  the  cells  themselves  initiates 
and  controU  the  flow  of  water. 

Histological  Changes  during  Activity. — The  cells  of  both  the 

albuminous  and  mucous  glands  undergo  distinct  histological  changes 

*  '  .loiimnl  of  PhyHtoloey."  I.  i»fi,  1878. 

t  Harcroft.    'Journal  of'PhyaioIoify."  1900,  xxv.,  -479. 
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is  consequence  of  prolonged  activity,  iiml  these  changes  nia>'  he 
pecopnizc<J  both  in  preimrations  from  the  fresli  gland  and  in  prescn-ed 
specimens.  In  the  pamtid  gland  Heidenhain  studie<l  the  changej?  in 
stained  sections  after  lianlcninc;  in  alcohol.  In  the  resting  glund 
the  cells  are  compactly  fille<l  with  jcranules  that  st^iin  readily  and  are 
imbedded  in  a  clear  ground  substance  that  does  not  st-ain.  The 
nucleus  la  small  and  more  or  less  irregular  in  outline.  Aft^r  stimula- 
tion of  the  tymj»anic  nerve  the  cells  show  but  little  alteration,  but 
Stimulation  of  the  sympathetic  produces  a  marke<l  change.  The 
cells  become  smaller,  the  nuclei  more  rounded,  and  the  granules 
more  closely  packed.    This  last  appearance  seems,  however,  to  be 
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n^.  3M. — parotid  icUuid  of  th«  rmhhit  in  a  Fr«ah  stat«,  ahowinK  portinns  of  the  lecret- 
Ibc  Mbalw:  A.  In  «  rettlinif  romliiHHi;  fi.  after  wcretion  caiued  oy  pilorurpin;  C.  &ft«r 
■ttOUBT  Mcretifm,  pilocarino  &n<l  stimulatiim  of  BympKlbelio ;  A  after  luitic-cootuiued 
■miiiTft*'""  nf  lympathetir. — (After  Langiey.) 


due  to  the  hanlening  reagents  uaetl.  A  truer  picture  of  wliat  occurs 
may  be  obtained  from  a  study  of  sections  of  the  fresh  gland.  I^ng- 
ley,*  who  first  useti  this  methotl.  descril^es  his  results  as  follo^-s! 
When  the  animal  is  in  a  fasting  condition  the  cells  have  a  granular 
app)earance  throughout  their  sul«tance,  the  outlines  of  the  difTerent 
cells  being  faintly  marked  by  light  lines  (Fig.  266,  .4).  When  the 
gland  is  made  to  secrete  by  giving  the  animal  food,  by  injecting 
pilocarpine  or  by  stimulating  the  SAinpathetic  nen'es.  the  granules 
be;^  to  disappear  from  the  outer  borders  of  the  cells  (Fig.  266,  B), 
so  that  each  cell  now  shows  an  outer,  clear  Ixjrder  and  an  inner, 
granular  one.     If  the  stimulation  is  continued  the  granules  l)ecome 

•  "Journal  of  Physiology,"  2,  260,  1879. 
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fewer  in  number  and  are  collected  near  the  lumen  and  the  marpins 
of  the  cells,  the  clear  zone  increases  in  extent,  and  the  cells  l>eoome 
smaller  (Fig.  266,  C,  D),  Evidently  the  granular  material  is  usetl 
in  some  way  to  make  the  nrKaiiic  niatrrial  of  thr  secretion.  Since  the 
ptyalin  is  a  con-spitnious  nrgunic  constUuent.  of  the  sc^*retinn,  it  is 
assumed  that  the  ^ramde-s  in  the  resting  glaml  oontAin  the  ptyalin, 
or  rather  the  preliminan'  material  from  which  the  ptyalin  is  con- 
structed during  the  act  of  secretion.  On  this  latter  assumption  the 
granules  nn^  fre<:|uently  spoken  of  as  zymogen  granules.  During  the 
act  of  secretion  two  distinct  processes  seem  to  he  going  on  in  the  cell, 
leaving  out  of  consi*ieration,  for  the  moment,  the  secretion  of  the 
water  and  the  saltw.  In  the  first  place,  the  ;!yinogen  gmniiles  imdei^o 
a  change  such  that  they  are  forced  or  <lis.solved  out  of  the  cell,  and, 
second,  a  constnictive  metabolism  or  anabolLsni  is  set  up,  leading  to 

the  f(trmation  of  new  pn> 
toplasmic  material  from 
the  Huli8tnnres  contained 
in  the  hlood  and  lymph. 
The  new  material  thus 
formed  is  the  cle^ar,  non- 
granular substance, 
which  appears  first 
toward  the  basal  sides  of 
the  cells.  \Vc  may  sup- 
IX)se  that  the  clear  sub- 
stance during  the  resting 
periods  undergoes  meta- 
bolic changes,  whetlier  of 
a  catabolic  or  analiolic 
character  can  not  he 
safely  asserted,  leading  to  the  formation  of  new  granules,  ami  the 
ceils  are  ajrain  ready  to  form  a  secretion  of  normal  composition. 
It  should  he  Ijorne  hi  mind  tliat  in  these  exjjeriments  the  glands 
were  stimulated  beyond  nornuil  limits.  Umier  ordinarj*  conditions 
the  cells  live  pmbiibly  never  depleted  of  their  granular  material  to 
the  extent  reprej^ented  in  the  liguit'S. 

In  the  cells  ni  the  mucouH  glands  changes  equally  marke<l  may 
be  observetl  after  prolonged  activity.  In  .stained  sections  of  the 
resting  gland  the  cells  are  large  and  clear  (Fig.  267).  with  Battened 
nuclei  placed  well  toward  the  base  of  the  cell.  When  the  glaml  is 
made  to  secrete  the  nuclei  become  more  siiherical  and  lie  more 
toward  the  middle  of  the  cell,  and  the  cells  themselves  become 
distinctly  smaller.  After  prolonged  swretion  the  changes  become 
more  marked  (Fig.  268)  and,  according  to  Heidenhain.  some  of  the 
mucous  cells  may  break  down  completely.     According  to  most  of 


Fig.  267- — Muooua  kIadiI:  Bubmiudllury  of  doc; 
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the  Irtter  olwcrvcrs,  however,  the  mucous  cells  do  not.  actually  dis- 
inl<»^atf?.  but  form  a^ain  new  material  during  the  period  of  rest,  as  in 
the  c-ase  of  the  goblet  cells  of  the  intestine.  In  the  mucous  a.s  in  the 
albuminous  cells  ol>8en'ations  ujwn  pieces  of  the  fresh  njland  seem 
to  ^ve  more  reliable  results  than  those  upon  pre#er\'e<i  Ki)eciniens. 
Ijingley*  hits  shown  that  in  the  fresh  mucous  cells  of  the  subniax- 
Uhxry  gland  numerous  large  granules  Jiia>'  Ix;  discovered,  about  125 
to   250   to  a  cell.      These 
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Tig.  '^^. — Mueoiis  tflAnd ;  fnihmAxiUiLry  of 
dos  after  eight  hours'  tttimuiatiuii  uf  Ute  ohoniu 
tyni|>ati). 


granules  are  compara]>le  to 
those  found  in  the  goblet 
cells,  and  may  'oe  i  nt^r- 
preted  as  consisting  of  mu- 
cin or  some  preiMinU^rj' 
material  fn)m  which  nuicin 
is  fonneti.  The  granules 
are  sensitive  to  reagents; 
addition  of  water  causes 
them  to  swell  up  and  dis- 
ap|>ear.  It  may  be  ii&- 
8urae<l  tlxat  this  happens 
during  secretion,  the  gran- 
ules Ix*coming  converted  to  a  mucin  mass  wliich  is  extruded  from 
the  cell. 

Action  of  Atropin,  Pilocarpin,  and  Nicotin  upon  the  Secre- 
tory Nerves.^The  action  of  dnigs  upon  the  salivar\'  glands  and 
thdr  secretions  belongs  projjerly  to  ijhariiiacology,  but  the  effects 
of  the  three  drugs  mentioned  are  so  decidetl  that  they  have  a 
peculiar  physiological  interest.  Atropin  in  small  doses  injected 
either  into  the  blootl  or  into  the  gland  duct  j>revent8  tlie  action  of 
the  cerebral  autonomic  fibers  (t>'mpamc  nerve  or  chorda  t^inpani) 
upon  the  glands.  Tliis  effect  may  l>e  explained  by  assimiing  that 
the  atnipin  |Miralyzes  the  endings  of  the  cerebral  fibers  in  the  glands. 
That  it  does  not  act  directly  upon  the  glaniJ  cells  themselves  seems 
to  lie  assured  by  tlie  interesting  fact  tliat,  with  doses  suflicient  to 
throw  otit  entirely  the  secreting  action  of  the  cereljral  fil>er8,  the 
B>'nipathctic  fibers  are  still  effei^tive  when  stimulated,  lllocarpin 
has  directly  the  (>j){M>site  effect  to  atropin.  In  niinimal  doses  it 
sets  up  a  continuous  secretion  of  saUva,  wliich  may  l>e  explained  upon 
the  8U|)ixjiiitioa  tliat  it  stimulates  tlie  endings  of  the  secretorj'  fibers 
in  the  gland.  Witliin  certain  limits  these  drugs  antagonize  each 
other, — that  is,  the  effect  of  pilocarpin  may  be  remo^-ed  l)y  the  sub- 
sequent application  of  atmpin,  and  licr  versa.  Nicotin,  according 
lo  the  exjieriments  of  Langley,t  prevents  the  action  of  the  secretory* 
Jtmmiil  of  Physiology."  10.  .|.X3,  ISS9. 
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ncn'os,  not  by  affecting  the  gland  cells  or  the  endings  of  the  nerve 
fibers  around  them,  but  by  paralyzing  the  coiuiections  l>et\veen  the 
nerve  fil>ers  and  the  ganghon  cells  tlirough  wliich  tlie  fibers  pass  on 
their  way  to  the  gland, — that  is,  the  connection  between  the  pre- 
ganglionic and  pnstp;iLngli(inic  filjera.  If,  for  ejiample,  the  suj^erior 
cenncal  ganglion  is  jMiiiiteii  Avitli  a  solution  of  iiicotin,  stinnilation 
of  the  cemcal  synipathrtir  below  the  gland  gives  no  secretion;  stim- 
ulation,  however,  of  the  fibers  in  the  ganglion  or  between  thegauglion 
and  gland  gives  the  usual  effect.  By  the  use  of  this  dnig  Langley  is 
led  to  hflieve  that  tlie  cells  of  the  so-ca]le<l  submaxillarv'  ganglioa 
are  really  iiilorcalated  in  the  course  of  the  fibers  to  tlie  subhngual 
gland,  wliile  the  nene  cells  wth  which  the  subuiaxillar>'  fibers  make 
'connection  are  found  chiefly  in  the  liilus  of  the  gland  itself. 

Paralytic  Secretion. — A  remarkable  phenomenon  in  connection 
with  the  sidivar>'  glantls  is  the  so-called  paralytic  secretion.  It  has 
been  kiiowri  for  !i  long  time  that  if  the  chorda  tynipani  ifi  cut  the 
submaxillary  glaad  after  a  certain  tune,  one  to  three  days,  Ijegina  to 
secrete  slowly,  anil  the  secretion  continues  unintemipte^Uy  for  a  Jong 
period — as  long,  ix^rhaps,  as8e\'cral  weeks — and  eventually  the  gland 
itaelf  luidergoes  atrophy.  Langley  states  that  section  of  the  chonla 
on  one  side  is  follo^\erl  by  a  continuous  secretion  from  the  glands 
on  both  sides;  the  secretion  from  the  gland  of  the  opposite  siiie  he 
designates  as  the  antipaml>tic  or  aiililytic  secretion.  After  section 
of  the  chonla  the  nerve  filmre  jHjrijjheral  to  the  section  degenerate, 
the  process  l>eing  completed  within  a  few  days.  These  fibers,  how- 
ever, do  not  nu\  directly  to  the  gland  ceil;  they  tenninate  in  end 
arborizations  around  sympathetic  ner\'e  cells  placed  somewhere  along 
their  course, — in  the  sul)Iingual  ganglion,  for  instance,  or  within  the 
glanrl  substance  itself.  It  is  the  axons  from  these  second  iieirve  unita 
that  end  around  the  secreting  cells.  T.angley  has  accunmlate«l  some 
facts  to  show  that  \\-ithin  the  perifxl  of  continuance  of  the  paralytic 
secretion  (five  to  six  weeks)  tiie  fillers  of  the  sympathetic  cells  are 
still  irritable  to  stimulation.  He  is  inclined  to  believe,  therefore,  that 
the  continuous  secretion  is  due  to  a  continuous  excitation,  from  some 
cause,  of  the  local  ner\^ous  mechanism  in  the  gland.  On  the  histo- 
logical side  it  is  statetl*  that  after  section  of  the  chorda  the  resulting 
degenerative  changes  affect  only  the  cytoplasm,  while  after  the 
section  of  the  sympathetic  the  nuclei  of  the  cells  are  aflfecte*!,  and 
intleed  to  some  extent  on  the  sound  as  well  as  on  the  injured  side. 

Normal  Mechanism  of  Salivary  Secretion. — Under  normal 
conditions  t!ie  flow  of  sahva  from  the  salivary  glands  is  the  result 
of  a  reflex  stimulation  of  the  sec^retor\'  nerves.  The  sensor\'  fil>erB 
concerae<J  in  this  reflex  must  l)e  chiefly  fil:)ers  of  the  glossopharyngeal 
and  Ungual  nerves  supplying  the  mouth  and  tongue.  Sapid  bodies 
*Uerhardt,  "  Arcliiv  f.  die  gcsaiumtc  Physiologic,"  97,  317,  11K)3. 
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and  various  other  chemical  or  niechaniciil  stimuli  applitvl  to  the 
tongue  or  nuicous  men»l»nuie  of  the  iiumth  prtHiucc  u.  flow  of  sjiHva. 
The  normftl  Hnw  tiuriii^  uiiistiration  must  l>e  effected  by  a  reflex  of 
this  kiml,  the  senaf>r\*  intjmlse  beinp  carried  to  a  center  am]  thence 
transniitteil  through  the  efferent  ne^^•es  to  the  glamls.  IL  is  Umtui 
that  section  of  the  dionia  jirevent*!  the  reflex,  iti  njiite  r>f  the  faet  that 
the  symiwilhelic  fil)ers  arc  still  intact.  No  satisfactory  explanation 
(»f  the  normal  functions  of  the  secretory  fil>ers  in  tlie  synifMitlietic 
has  yet  l»een  given.  Various  authors  have  8iiggeste<l  that  |Hissi!)ly 
the  tliree  large  salivar>-  glands  re^jxind  nomxaUy  to  different  .stinaili. 
This  view  has  been  supporte<l  by  Pavvlow.  who  reports  that  in 
the  <log  at  least  the  parotid  anil  the  submaxillary  may  react  quite 
differently.  When  fistulas  were  made  of  the  ducts  of  thea^e  glands  it 
wa8  found  that  the  submaxillar^'  responded  readily  to  a  great  num- 
ber of  stimuli,  such  as  the  sight  of  food,  chewing  of  meat.s.  acids,  etc. 
The  parotiii.  on  the  contraiy,  seemed  to  retu-t  only  when  dry  food. 
dry  powdered  meat,  or  bread  was  placed  in  the  mouth.  Dr)'ncss  in 
this  case  appeared  to  l>e  the  efficient  ttinmlus. 

PawIow  lays  great  MlresM  upon  tho  nrluptnhility  of  the  swretiotj  of  saliva 
io  the  character  of  the  lunterial  chewed.  l>r\'  soliil  focKi  stitiiulate^  a  larjco 
flow  <rf  s&liva,  8uc)i  a«  is  neces«ary  in  onier  l/»  chew  it  pn>|ieply  uml  to  fonw  it 
into  a  bolat  for  swallowing.  Foo<t.'4  containing  much  water,  on  the  roiitrarv, 
excite  but  little  tJow  of  saliva.  If  one  places  a  humiful  of  cle*ui  stones  in 
the  month  of  a  ilog  he  will  move  them  around  with  h'n*  tongue  for  a  while 
and  then  tlrop  tliern  from  his  mout));  but  little  or  no  saliva  is  secreted. 
If  the  name  muterial  is  jrivcn  in  the  fonn  of  fine  s^nd  a  rich  How  of  saliva 
u  produre<],  and  the  necef*.>*ily  for  llie  reflex  Ls  evident  in  tlii^*  case,  since 
oUierwise  the  material  could  not  l^e  conveniently  removed  from  tlie  mouth. 
Such  adaptations  must  lie  regarded  from  the  physiological  point  of  view 
an  special  reflexes  depending  upon  some  difference  in  the  nervous  meclianu^m 
net  mto  play.* 

Since  the  flow  of  saliva  is  normally  a  definite  reflex,  we  should 

expect  a  distinct  salivary  secretifin  center.     This  center  has  l*een 

kx^atcd  by  physiological  means  in  the  medulla  oblongata;  its  exact 

pofdtion  is  not  clearly  define<l,  but  pijssibiy  it  is  represented  by  the 

nuclei  of  origin  of  the  soereton,'  fillers  which  leave  the  medulla  by 

way  of  the  facial  and  glossophar>*iigeaI  ner\'es.    Owing  to  the  wide 

eotmections  of  ner\'e  cells  in  the  central  nenous  system,  we  should 

expect  this  eenter  to  l»e  afleoted  by  stinmli  from  various  sources. 

Afl  a  matter  of  fact,  it  is  known  that  the  center  and  through  it  the 

glanils  may  be  called  into  activity  by  stlxiudation  of  the  sensory 

fibers  of  the  sciatic,  splanchnic,  and  particularly  the  vagus  nen'es. 

So,  too,  variotis  [wychieal  acts,  such  as  the  thought  of  savory  food  anil 

the  feeling  of  nausea  preceding  v(»uuting,  may  l)e  accompanied  by  a 

flow  of  saliva,  the  effect  in  this  case  l>eing  due  prol^ably  to  stimula- 

•See  PawIow,  "The  Work  of  the  DijrcHlivc  (ilands."  trnntilation  by 
Tbompwn.  London.  1002;  also  "  Kncebnis*  der  Physiologic,"  vol  iii.,  part  u 
19M,  and  "  Archive*  intcmationaica  do  pliysiologie,"  1,  1  Id   1904. 
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tion  of  the  secretion  center  by  nervous  impulses  descending  from  the 
higher  nen'e  centers.  Ijistly,  the  mediillan'  cent€-r  may  Vto  iuliihited 
as  well  as  stimulate^].  The  well-known  effect  of  fear,  embamiaan^enl, 
or  anxiety  in  producing  a  jwrchctl  throat  may  be  explained  in  this 
way  as  due  t-o  the  inhihit<jr>'  action  oi  nen'e  impulses  arising  in  tlie 
cerebral  centcn?. 

Electrical  Changes  in  the  Gland  during  Activity.— It  has  been 
shown  tltat  the  salivan.'  lis  well  as  other  glands  suffer  certain  changes 
in  electrical  ix)tential  during  activit>'  wliich  are  cojujiarable  in  a  gen- 
eral way  to  the  "action  currents"  oljsen-ed  in  muscles  and  nerves.* 

The  Digestive  Action  of  Saliva — Ptyalin.— The  digestive  action 
proper  of  the  saliva  is  limited  to  the  starchy  food.  In  human 
beings  and  most  mammals  the  saliva  contains  an  active  enz>Tne 
belonging  to  the  gnmp  of  diiistases  and  designated  ustially  as  ptyalin 
or  salivan.'  tliaatase.  It  may  be  prepared  in  piu-ified  form  from  saliva 
by  precipitation  with  alcohol,  but  its  chemical  nature,  like  that  of  the 
other  enzymes,  is  still  an  misolved  problem.  Saliva  or  preimrationa 
of  ptyalin  act  readily  upon  boiled  starch,  converting  it  into  sugar 
and  dextrin.  This  action  nuiy  l)e  demonstrated  ver>'  readily  by 
holding  a  little  starch  paste  or  starchy  food,  such  as  boiled  potatoes, 
in  the  mouth  for  a  few  moments.  If  the  solution  is  then  examined  the 
presence  of  sugar  is  rea<.lily  shown  by  its  reducing  action  on  solutions 
of  copper  sulphate  (Fehling's  solution).  There  is  no  doubt  that  the 
action  of  ptyalin  upon  the  starch  is  hydrolytic.  Under  the  influence 
of  the  enzyme  the  starch  molecules  take  up  water  and  undergo 
■cleavage  into  simpler  molecules.  The  stejje  in  the  process  and  the 
final  products  have  been  investig:ited  by  a  very  large  number  of 
workers,  but  nuich  yet  rejnains  in  doubt.  The  following  jxiints 
seem  to  l>e  determined:  The  end-result  of  the  reliction  is  the 
formation  of  maltose,  a  disaccharid,  having  the  general  formula 
CijH^Ojp  and  some  form  of  dextrin,  a  non-crystallizable  poly- 
saccharid.  Wlien  the  digestion  is  effected  in  a  vessel  some  dextrooe 
(CjHijOj)  may  l>e  found  among  the  jin>diicts,  but  this  is  explained  on 
the  assumption  that  there  is  ijresent  in  the  saliva  some  maltase,  an 
■enzyme  capable  of  splitting  maltose  into  dextrose.  80  far  as  the 
ptyalin  itself  is  concerned,  its  specific  action  is  to  convert  starch  to 
maltose  and  dextrin.  It  seems  verj'  certain,  however,  that  a  number 
of  int-ermcdiate  products  are  fonne<i  cortsisting  of  a  variety  of  dex- 
trins,  so  that  the  hythx>lysis  probably  takes  place  in  successive 
stages.  'I'herc  is  little  agreement  as  to  the  exact  nature  of  the  in- 
termediate dextrins.  The  folliwing  facts,  however,  may  be  easily 
demonstrated  in  a  salivar>'  digestion  parrie<l  on  in  a  vessel  and  ex- 
amined from  time  to  time.    The  starch  at  first  gives  its  deep-blue 

•  See  Bietiormann,  "  Electro-physiology,"  tmnslalion  by  Welby,  London. 
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reactioa  with  i<Kliii ;  later.  iiisU^ad  of  a  Klue,  a  rwi  reaction  is  obtained 
with  icxlin,  and  this  has  been  attributed  to  a  special  form  of  rlextrin, 
erythrodextrin,  so  oained  on  account  of  its  retl  reaction.  Still  later 
this  reaction  fails  and  clieniical  exaiiiinution  sho\\-s  the  presence  of 
maltose  and  a  fonn  of  dextrin  wliinh  givi!«  no  (rolor  reaction  with 
iodiu  and  is  tlierefore  uanie<l  arlmjixle.xtrm.  Wiiile  the  nnni()er 
of  intemiediate  pnxlucts  may  be  Ini^e.  tlie  main  result  of  the  action 
of  the  ptyalin  is  exprcsseil  by  the  foliovviuj^  simple  schema: 

Erylliro<lextriii<^^.,^^^^^^j^^ 

jjroducta  fonned  in  this  reaction  are  probably  not  absorbed  as 
such.  The  al)sorption  Uikes  place  mainly  no  doubt  after  the  f*M)d 
reaohee  the  small  intestine,  and  we  have  evidence,  as  will  Ih*  wlated, 
that  before  absorption  the  maltose  and  the  dextrin  arc  acted  iijxjn  by 
the  inverting  enzymes  (maltiisc)  and  converted  into  the  simple 
sugar,  dextn»se.  The  ptyalin  dig*^tion  set^ms  Iherefore  to  lie  pre- 
porutoiy,  and  the  combined  action  of  f>tya]in  anri  iiialt!us(*  is  necessar>* 
to  get  the  starch  into  u  comlititm  ready  for  nutrition.  By  way  of 
comparison  it  is  interestinfc  ti»  remember  that  when  stareh  is  lx)iled 
with  dilute  acids  it  is  hy*lrolyzed  at  once  to  dextmee.  A  question  of 
practical  importanre  is  as  to  how  far  salivary'  digestinn  affci'ts  the 
starchy  foo<Ls  under  usual  cirr'unistimccs.  The  chewing  piiK-esH  in 
the  mouth  thoroughly  mixes  the  food  and  sidivji,  or  shotild  d<i  so, 
hut  the  l>ohis  is  .swallowetl  much  t^Ht  (jirickly  to  enal>le  the  enxymc  to 
complete  its  action.  In  the  stomach  the  gastric  juice  is  sufficiently 
acid  to  destroy  the  ptyalin,  anrl  it  wjus  therefore  supposetl  formerly 
that  sahvar^'  thgestion  is  pnHiiptly  arresteil  on  the  entrance  of  the 
f<xxJ  into  the  stonuich,  and  Ls  therefore  normally  of  but  little  value 
as  a  iligestive  process.  Our  recent  increiise  in  knowledge  reganling 
the  conditi<uis  in  the  stomach  (p.  ()C.'^>  shows,  on  the  eontrar>',  that 
some  of  the  foo<l  in  an  4irdinar\'  meal  may  remain  in  the  fnndic 
end  of  the  BU>maeh  for  an  liour  or  mon*  untouched  l>y  the  acid 
secretion.  Tliere  is  every  reason  to  l)elieve,  theri-fon*.  (liat  saiivarv' 
digestion  may  l>e  carrit^l  on  in  the  stomach  to  an  imi>ortant  extent. 
Conditions  Influencing  the  Action  of  Ptyalin. — Temperature. 
—As  in  the  case  of  the  other  cnzjTnes,  ptyalin  is  ver\'  susceptible  to 
changes  of  temperature.  At  0°  C.  its  activity  is  said  to  Ik?  suspended 
entirely.  'ITie  intensity  of  its  action  increases  with  increase  of 
temperature  from  this  point,  and  reaches  its  nmximum  at  about 
40°  C.  If  the  temi)eniture  i.s  miaed  much  l^eyond  this  point,  the 
actio!!  decreases,  and  at  fn^m  65°  to  70°  C.  the  enzj'me  is  destroyed. 
In  these  latter  points  ptyalin  differs  from  diastase,  the  enz>n»e  of 
malt.  Diastase  shows  a  maximum  action  at  50°  C.  and  is  destroyed 
at8()°C, 


702 


PHYSIOI^GY  OF  DlGKSnON  ASV  8RCRKTI0K. 


Effect  of  Reaction. — The  noraiiil  reaction  of  Haliva  is  slightly 
alkaline.  Chittenden  has  show-n.  however,  that  ptyalin  acts  as  well, 
or  even  better,  in  a  perfectly  neutral  mediuni.  A  strong  alkaline 
reaction  retarrls  or  prevents  its  artion.  Tiie  most  marked  influence 
is  exerted  by  acids.  Free  hydnichloric  acid  t<»  the  extent  of  onh' 
0.0()3  per  cent.  (Cliittenden)  is  KufFicient  to  practically  stop  the  amy- 
lolytic  action  of  the  enzyme*  and  a  sliglit  further  uicrease  in  acidity 
not  only  stops  tlie  action,  but  also  destroys  the  enzyme. 

Comh'iwn  of  ific  Starch.^li  is  a  well-known  fact  that  tJie  com'er- 
eion  of  starch  to  sugar  by  enzymes  takes  place  much  more  rapidly 
with  cooked  starch — for  example,  Rtarch  paste.  In  the  lattor  ma- 
terial sugar  begins  to  appear  in  a  few  minutes,  provided  a  good 
enzyme  dilution  is  used.  With  starch  in  a  raw  condition,  on  the 
contrary,  it  may  \)0  many  minutes,  or  even  several  hours,  Ix^forc 
sugar  can  l)e  tlctecte<i.  The  longer  time  required  for  raw  starch  is 
partly  explained  by  the  fact  that  the  starch  grains  are  surmundetl 
by  u  layer  of  cellulose  or  cellulose-like  material  that  rcsLsUs  the  action 
of  ptyalin.  When  boiled,  this  layer  l>reaks  and  the  starch  in  the 
interinr  becomes  exj>o.'?ed.  In  addition,  the  starch  itself  is  changed 
during  the  lioiling;  it  takes  up  water,  and  in  this  hydratcd  condition 
is  acted  upijn  mon?  rupiflly  by  the  ptyalin.  The  practical  value  of 
cooking  vegetable  foods  is  evident  fnim  these  statements. 

Functions  of  the  Saliva.— In  addition  to  the  digestive  action  of 
the  saliva  on  starchy  foods  it  fulfills  other  important  functions.  By 
moistening  the  food  it  enables  us  to  reduce  the  material  to  a  consis- 
tency .suitable  fttr  swallowing  and  for  manipulation  by  the  tongue  and 
other  muscles.  Moreover^  the  presence  of  mucin  serves  doubtless 
as  a  kind  of  lubricator  that  insures  a  smooth  passage  along  the 
esophageal  canal.  Finally  by  dissohang  dry  and  solid  food  it  pro- 
vides a  necessar}""  step  in  the  process  of  stimulating  the  taste  nerves, 
and,  as  is  descriljed  below,  the  activity  of  the  taste  sensations  may 
play  an  important  part  in  the  secretion  of  the  gastric  juice. 


CHAPTER  XUL 


DIGESTION  AND  ABSORPHON  IN  THE  STOMACH. 

The  muscular  mechanisms  by  means  of  which  the  stomach  is 
chaiged  with  RmhI  and  in  turn  discharged,  small  rM>rtian.s  at  a  time, 
into  the  duodenum  ha\e  l>ecn  tlcscriijed.  The  present  chapter  deals 
only  with  the  rhejuical  and  mechanical  changes  in  tiie  food  during 
its  stay  in  the  stomach  and  the  extent  to  which  the  products  of 
digestion  are  al>sorbed. 

The  Gastric  Glands. — The  tulmlar  glands  that  permeate  the 
mucous  membrane  of  the  stomach  throumliout  its  cntin?  extent  differ 
in  their  histological  structure,  and  therefore  doubtless  in  their  secre- 
tion, in  different  i)arta  of  the  stomach.  Two^  sometimes  three,  kinds 
of  glands  are  distinguisheil, — the  pyloric,  fundic  (and  cardiac). 
Those  in  the  pyloric  part  of  the  stomach  (antrum  pylori)  are  cha> 

tactenzeil  chiefly  by  the  fact  that  in  the  secreting  part  of  the  tubule 
only  one  type  of  gland  cell  is  founds  the  chief  or  jwptic  eel!,  wliile  in 
the  remainder  of  the  stomacli,  but  particularly  in  the  nutidle  or 
prepyloric  region  the  glands  (fundic  glands)  are  distinguished  by  the 
presence  of  two  types  of  cells, — the  cliief  cells  and  the  so-called  cover 
or  border  cells  (Fig.  269).  The  third  type,  the  cardiac  glantls,  is  found 
mound  the  cardia.  but  its  area  of  distribution  varies  in  different 
aninials.  ami  ib?  histological  characteristics  are  not  ven-  definite.* 
There  seenxs  to  be  a  general  agreement  that  the  chief  cells  furnish 
the  digestive  enzjTnes  of  the  stomach — f)epfiin  and  renniii — and  the 
cover  cells  the  hydrochloric  acitl.  Lroju  a  ph^vsiological  standjxiint 
it  is  ijnix>rlant  to  remember  that  (he  cover  cells  are  massed,  as  it 
were,  in  the  glands  of  the  middle  or  prepyloric  region  of  the  stomach, 
that  they  are  scanty  in  the  fundus  and  absent  in  the  pyloric  region. 
This  fact  is  indicated  to  tlie  eye  by  the  deejier  red  or  brownish  color 

»of  the  mucous  membrane  in  (he  prepyloric  portion.  (Iriitznort 
called  especial  attention  to  this  relation,  and  in  connection  with  the 
vlifferences  in  movejiienl,s  of  these  two  jiarts  of  the  stomach  l>e 
suggests  that  normally  the  bulk  of  the  food  -toward  the  fundus 
becomes  impregnated  firet  with  pepsin;  then,  as  it  is  slowly  moveti 
into  the  prepyloric  region,  the  acid  constituent  is  added.  The 
pyloric  glands  are  saiil  (Heidenhain)  to  secrete  an  alkaline  liquid 
containing  pepsin,   and,  accortling  to   Edkins  and  Starling  they 

t' — I  a  substance  which  is  capable  of  acting  as  a  chemical  excitant 
*  See  tlaonp.     Archiv  f.  Anatomit',"  1005,  1. 
t Gruianer.  "Archiv  (.  die gesammtc  Physiologic, "106,  463,  1905. 
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to  ihe  p;lan(is  secreting  the  gastric  juice  (gastric  secretin  or  gastric 
hormone).* 

Histological  Changes  in  the  Gastric  Glands  (luring  Secretion. 
— The  cells  of  the  gastric  glanils,  especially  the  so-called  chief  cells, 
show  distinct  changes  as  the  result  of  prolonged  activity.  Upon 
pret^erveil  spt^iniens,  t-aken  fnjni  dogs  fed  at  intervals  of  twent\  -four 
hours,  Heidcnhain  found  that  iu  the  fasting  contlition  the  chief  cells 
were  large  and  clear,  tliat  during  the  first  six  hoiu^  of  digestion  the 
chief  cells  as  well  as  the  l)order  cells  increased  in  size,  but  that  in  a 
second  period,  extemling  fiTim  the  sixth  to  the  fifteenth  hour,  the 
chief  cells  became  gradually  amallerj  while  the  border  cells  remained 
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FifE.  280.— Glands  of  tbe  fundufl  (dnk):  A  anH  .4>,  Huring  hunRvr.  rastins  eondllion: 
B,  dumiK  tlie  first  stafie  of  Uiicestioti:  C  and  D,  the  fwcond  stairo  of  tUtceetioti,  Abowiac 
IIh)  diminution  in  tbe  mm  uf  tbe  "ctuof"  or  oontnU  cells. — (Afi«r  Heidimhain) 


large  or  even  increased  in  size.    After  the  fifteenth  hour  the  chief 

cells  increased  in  size,  gradually  fiassing  back  to  the  fasting  con<lition 

(see  Fig.  2G9). 

Langley*  has  succeeded  in  following  the  changes  in  a  more  satis- 

facton'  way  by  obsen'ations  made  directly  ufxin  the  li\ing  gland. 

•See  Starling,  " Pliysiolocj'  of  Secretion,"  l.'Uicago,   lV#Oft,  and  Edkins. 
"Journal  of  Physiolo^jy'"   1906.   xxaiv.,   133. 
t"  Journal  of  Physiology,"  3,  269,  1880. 
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te  finds  that  the  t-hiof  celln  in  thf*  fasting  stjige  are  charged  with 
-uuules^  and  that  during  dij^estiun  the  praniiles  are  dissolvetl,  tiLs- 
appearing  first  from  the  base  of  the  cell,  wliich  then  l)ei-ome8  filled 
with  a  non-granular  material.  01>ser\'ations  similar  to  those  made 
upon  other  glands  demonstrate  tliat  these  granules  repre^nt  in  ail 
probabiiity  a  |)relijniuar>'  material  (mm  whit-h  tiie  gastric  enzymes 
are  made  dtuing  the  aet  of  secretidn.  Tlie  granules,  tliereforc,  are 
eomctimes  describeil  as  zymogen  gnmules. 

Means  of  Obtaining  the  Gastric  Secretion  and  its  Normal 

Composition. — 'ihe  st'creliiia  of  the  gustri**  membnine  is  fonneit  in 

Rhe  minute  glandn  scalten'd  over  its  surface.     As  there  is  no  com- 

"^mon  duct,  the  dilfieulty  *jf  obtaining  the  secretion  for  analysis  nr 

experiment  is  eonsideral)le.     Tliis  diliiculty  has  Ixx'n  overcome  at 

rerent  times  by  the  invention  of  siM-cial  metlKjda. 
The  older  methods  used  for  obtaining  normal  gastric  juice  were 
very  unsatisfactor)'.  An  animal  was  made  to  swallow  a  clean 
sponge  to  which  a  string  was  attache*!  so  that  the  s()onge  could 
aftenvanl  l>e  remove<l  and  its  contents  l)e  sf]uees:ed  out;  or  it  was 
made  to  eat  some  indigestihie  inateriul,  to  start  Ihe  seci'ction  of 
juice  by  mechanical  stimulation;  the  animal  was  then  killed  at  the 
proper  time  and  the  contents  of  its  stomach  were  collected. 

The  rxperiinenta  of  the  older  obsen-erM  on  pa.'^trir  tligestion,  especially 
thofie  of  the  Abbtf  Spallanrani  (1729-1799),  funiLsli  must  interesting  reading. 
SpaUanxom,  not  content  with  nmking  experinieut^  on  numerous  animaX$ 
(tro^,  birtlit,  mammalN,  etc.)  hati  the  courage  to  carry  out  u  great  many 
upon  himself.  Hei^waUowe*!  foods  of  various  Kind:*  and  in  vuriiKi.^*  condition!^ 
aewed  in  linen  btws  or  indoiied  in  perforated  wooden  tulles  which  in  turn 
were  covarad  with  linen.  The  bogs  and  tul>es  were  sut»se^uently  pa.ssed 
in  thestooband  wereexaminedaa  to  the  amount  and  nature  of  their'contents. 
He  seems  to  Have  experienced  no  injury  from  )ii.s  experiments,  although 
nonnally  his  i>owers  of  digestion  were  (julte  feeble.  Aa  proof  that  the  trit- 
urating power  of  tlie  !>tninacti  b*  not  ver\'  great  he  call:)  attention  to  the  fact 
that  Bome  of  the  wooilen  tubes  were  m&de  very  thin,  so  that  the  nlightent 
preasure  would  cnish  them,  and  yet  they  were  voided  uninjured.  So  also 
he  found  that  cherrieo  and  gra[>es  wliea  swaUowed  whole,  even  if  entirely 
ripe,  were   usually  passed   unbroken. 

A  better  method  of  obtaining  normal  juice  was  suggested  by  the 
famous  ob8er\'ations  of  Beaumont*  upon  Alexis  8t.  Martin.  St. 
Martin,  by  the  premature  dischai^  of  his  gun,  was  wounded  in  the 
ftbdomen  and  stomach.  On  healing,  a  fisttdoiis  opening  remained  in 
the  al>doininal  wall,  leading  into  the  stomach,  so  that  the  contents 
of  the  latter  could  bo  ias(>ecte<l.  Beaimiont  made  numerous  inter- 
esting and  most  valuai>]e  observations  upon  his  jwitient.  Since  that 
time  it  has  become  custoraar>*  to  make  fistulous  openings  into  the 
fltomachfl  of  dogs  whenever  it  is  necessary  to  have  the  normal  juice 

•  Beaumont.  "The  Physiology  of  Digestion,"  1833:  ?*econd  edition,  1847. 
For  a  l)iographical  account  of  Heaumont,  nee  Oiiler,  "Journal  of  the  American 
Medical  .\Mociation/'  No\-ember  15.  1902. 
45 
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for  examination.  Formerly  a  silvpr  cannula  was  placetl  in  the 
fistula,  and  at  nny  time  the  plug  closing  the  cannula  might  be  re- 
moved and  gawtric  juice  Ix*  obtained.  In  some  cases  the  esophagus 
hai^  l>ecn  occluded  or  excised  so  as  to  prevent  the  mixture  of  saliva 
with  the  jiasUic  juice.  Giustric  jiiice  may  he.  ol>taineil  from  human 
l>eings  also  in  cases  of  vomiting  or  by  means  of  the  stomach  tube, 
but  in  such  casen  it  is  necessarily  more  or  less  dilut<Hl  or  mixed  with 
food  and  cannot  be  used  for  exact  analyses,  although  specimens 
of  gastric  jiiire  obtained  by  tha^  methods  are  employed  in  the 
diagnosis  and  troatnieiit  of  gastric  troubles. 

From  the  standjniint  of  experimental  investigation  a  very  im- 
portant addition  to  our  methods  was  made  by  Heideuhain.  Tliia 
obser\'er  showed  that  a  jxirtion  of  the  sU^mach — the  fundic  end,  for 
instance,  or  the  pyloric  end — might  lye  cut  away  from  tlie  rest  of  the 

(n;gan  and  l>e  given  an 
artificial  opening  to  the 
exterior.  By  this  means 
the  secretion  of  an  isolated 
fimdic  or  pyloric  sac  may 
be  obtained  and  examined 
as  to  its  quantity  and  prop- 
erties. The  method  was 
subsequently  improved  by 
Pawlow,  whose  important 
contributions  are  referred 
to  below.  Fig.  270  gives 
an  idea  of  the  operation  as 
made  by  Pawlow  to  isolate 
a  t'lmdic  sac  with  ita  blood 
and  nen'e  supply  unin- 
jured. 

llie  normal  gastric  se- 
cretion is  a  thin,  colorless 
or  nearly  colorless  liquid 
with  a  strong  acid  reaction  and  a  characteristic  odor.  Its  spe- 
cific gravity  varies,  but  it  is  never  great,  the  average  being  about 
1.002  to  1.003.  Upon  analysis  the  gastric  juice  is  found  to  contain 
a  trace  of  protein,  probably  a  peptone,  some  mucin,  and  inorganic 
salts,  but  the  essential  constituents  are  an  acid  (HC1)  and  two 
enzjTnes,  pepsin  and  rennin.  Satisfactory^  complete  analyses  of  the 
human  juice  tiave  not  been  reported,  most  of  the  recent  obser\*era 
confining  their  attention  mainly  to  the  degree  of  acidity  and  digestive 
power.  Gastric  juice  does  not  give  a  coagulum  upon  boiling,  but  the 
dige8ti\'e  enz\-mes  are  thereby  destroyed.  One  of  the  interesting 
facts  about  this  secretion  is  the  way  in  w^hich  it  withstands  putrefac- 
tion.   It  may  be  kept  for  a  long  time,  for  months  even,  without 
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Fig.  270.— Tn  aliow  Pawlnw'n  nnerBtion  for 
tnakiiiff  an  isoUted  (udiUc  ivtc  fruui  ttie  Btomscb: 
V,  Cavity  of  the  atomach ;  «,  the  fuiidie  aae.  shut  off 
from  the  kUitiiach  uiid  (i|N]iitii|e  at  lite  ttlxlomtiial 
wall,  a,  a;    b  indicated  tlie  line  of  HUtarcK. — IFaw- 
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r becoming  putrid  and  with  very  little  change,  if  any,  in  its  digestive 
action  or  in  its  total  acidit}'.  This  fart  shows  that  the  juice  pofiseases 
antiaeptic  properties,  and  it  is  ixsiially  supposed  that  the  presence  of 
the  free  acid  accounts  for  this  quality. 

■  The  Acid  of  Gastric  Juice. — The  nature  of  the  free  acid  in  gastric 

juice  was  fonnerly  the  suhjoft  of  disinite,  some  claiming  that  the 
acidity  is  due  to  HCI,  since  this  acid  can  he  distilled  off  from  the  gas- 
tric juice,  others  contending  that  an  organic  acid^  lactic  acid,  is 
present  in  the  secretion.  All  recent  experiments  tend  to  prove  that 
the  acidity  is  due  to  HCl.  This  fact  was  first  demonstrated  satis- 
factorily by  the  analyses  of  Schmidt,  who  showeti  that  if.  in  a  given 
Bpecimen  of  gastric  juice,  the  chloritis  were  all  precipitated  by  silver 
lutrate  ami  the  total  amount  of  chlorin  was  determined,  more  was 
found  than  could  he  held  in  combination  by  the  bases  present  in  the 
secretion.  Evidently,  some  of  the  chlorin  must  have  l>een  present 
in  combination  with  hydrogen  as  hydrochloric  acid.  Confimiatoiy 
e\idence  of  one  kind  or  another  has  since  been  obtained.  Thus  it  has 
been  shown  that  a  number  of  color  tests  for  free  mineral  acids  react 
with  the  gastric  juice:  methyl-violet  solutions  are  turned  blue, 
congo-red  solutions  and  test  paper  are  changevl  from  red  to  blue, 
00  tropeolin  from  a  )'ellowi>ih  to  a  pink  red,  and  so  on.  A  niuuljer  of 
additional  tests  of  the  same  general  character  will  ]*e  found  descril>ed 
in  the  laboratory'  handlx)oks.*  It  must  be  added,  however,  that 
lactic  acid  undoubtedly  occurs,  or  may  occur,  in  the  stomach  during 
digestion,  lis  presence  is  usually  explained  as  being  due  to  the  fer- 
mentation of  the  carbohydrates,  and  it  is  therefore  more  constantly 
present  in  the  stomachs  of  the  herbivora.  The  amount  of  free 
hydrochloric  acid  varies  according  to  the  duration  of  digestion; 
that  '\s,  the  secretion  tkx's  not  possess  its  full  iicidily  in  ihe  l>eginning 
owing  to.the  fact  (Heidcnluiin)  that  in  the  finnt  periods  of  digestion, 
while  the  secretion  is  siill  scanty  in  amount,  a  portion  of  iti^  acid 
is  neutralizeti  by  the  swallowed  saliva,  the  alkaline  mucus,  and  the 
alkaline  secretion  of  the  pyloric  en<i  of  the  stomnch:  the  .se<'reted 
juice  has,  however,  a  constant  acidity.  The  acidity  of  the  human 
gastric  juice  is  usually  estimated  at  OM  per  cent.,  but  iluring  diges- 
tion it  may  reach  (Hornborg)  0.4  to  0.5  per  cent.,  and  these  tigures  ex- 
press probably  its  strength  as  secreted.  The  acidity  of  the  dog's  gas- 
tric juice,  according  to  Pawlow,  Hes  between  0.46  and  0.56  per  cent. 
The  Origin  of  the  HCI. — ^The  gastric  juice  is  the  only  secretion 
of  the  body  that  contains  a  free  aci<l.  The  fact  that  the  acid  is  a 
mineral  acid  and  Ls  present  in  considerable  strength  makes  the  cir- 
cumstance more  remarkable.  Attempts  have  been  made  to  ascer- 
tain the  histological  element,^  concerned  in  its  secretion  and  the 
nature  of  the  chemical  reaction  or  reactions  by  which  it  is  produced. 
With  regard  to  the  first  point  it  is  generally  believed  that  the  lx»rder 
•Simon,  "A  Manual  of  Climral  Diaguosis,"  1904, 
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cells  of  the  gastric  tubules  constitute  the  acid-secreting  cells.  This 
belief  is  founded  upon  the  general  fact  that  in  the  regions  in  which 
these  cells  are  chiefly  jireaent — that  is,  the  niiildle  n^ion  of  the 
stomach — the  secretion  is  distinctly  ticid,  and  where  they  are  alisent 
or  scanty  in  nunilx^r  tiie  secretion  Is  alkaline  (jr  lc»«  acid.  In  the 
pyloric  region,  for  instance,  these  cells  are  lacking  entirely  and  the 
secretion  is  alkaline.  iSo  also  in  the  fundus  the  secretion  does  not 
seem  to  lie  acid,  and  tliis  fact  corresponds  with  a  marked  diminution 
or  al>sence  of  the  l>order  cells.  Witli  regard  to  the  origin  of  the  acid 
it  is  evident  that  it  is  fonned  in  the  secn-ting  cells,  since  none  exists  in 
the  blood  or  lymph.  It  seems  also  i)erfectly  evident  that  the  HG 
must  he  formerl  from  the  chlorids  of  the  blood.  The  chief  eld<md 
is  NaCl  and  by  some  mearts  this  comiiounti  is  broken  up;  ihechlorin 
is  coinbinetl  with  hydrogen,  and  is  then  secretetl  upon  the  free  surface 
of  the  stomach  as  HCI.  In  support  of  this  general  statement  it  has 
been  sliown  that  if  the  chlorids  in  the  blood  are  reduced  by  remoMng 
them  from  the  food  for  asuHiciont  time  the  secretion  of  gastric  juice 
no  longer  contains  arid.  t)n  t!ie  other  hand,  adrUtion  of  NaBr  or 
KI  to  the  food  may  cause  the  formation  of  some  HBr  and  HI, 
together  with  HCI  in  the  gastric  juice.  Maly  lias  suggested  that 
acid  phosphates  may  be  produced  in  the  lin?t  instance,  and  then  by 
reacting  with  the  sodium  chlorid  may  give  hvdmchloric  acid,  accord- 
ing to  the  fonnula  XaHjPC),  -f  NaCl  -=  Na^HPO.  -h  HG.  Otlier 
theories  have  been  profx).sed,  but,  as  a  matter  of  fact,  no  explanation 
of  the  detiuls  of  this  reaction  is  satisfacton.*.  We  must  be  content 
to  say  that  in  the  acid-forming  cells  the  ncutnd  chlorids  (NaG)  are 
broken  up  with  the  formation  of  free  HG. 

The  Secretory  Nerves  of  the  Gastric  Glands. — Although  several 
facts  indicated  to  the  older  observers  that  the  secretion  of  gastric 
juice  is  under  the  control  of  nerve  fibers,  we  owe  the  actual  experi- 
mental dernonstmtion  of  this  fact  to  Pawlow.*  He  demonstrated 
*Jiat  the  secretion  is  under  the  control  of  the  ncn-ous  system  and  that 
the  secretor>'  filjers  are  contained  in  the  vagus.  Direct  stimulation 
of  the  peripheral  end  of  the  cut  vagus  causes  a  secretion  of  gastric 
juice  after  a  long  latent  period  of  several  minutes.  This  long  latency 
may  1^  due  possibly  to  the  presence  in  the  vagus  of  inhibiton' 
fillers  to  the  glan<l,  which,  being  stimulated  simultaneously  ^ith  the 
secretory  fillers,  delay  the  action  of  the  latter.  Verj-  striking  proof 
of  the  general  fact  that  the  secretion  is  due  to  the  action  of  vagus 
fibers  is  furnished  by  such  experiments  as  these:  Pawlow  di\ided  the 
esophagus  in  the  neck  and  brought  the  two  ends  to  the  skin  so  as  to 
make  sejmrate  fistulous  openings  to  the  exterior.  Under  these  con- 
ditions, when  the  animal  ate  and  swallowed  food  it  was  discharged 


•See  Pawlow, 
Thompeou,  1902. 
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to  the  exterior  instead  of  entering  the  stomach.  The  animal  thus  had 
the  enjoyment  of  eating  without  actually  tilling  the  stomach.  Eating 
ill  tliia  style  forms  what  the  aiithor  t-alleil  a  fictitious  meal  (Schein- 
fiiUcrung).  It  was  found  that  it  causes  an  ai>itndant  flow  of  gastric 
j.iiee  as  long  as  the  vagi  are  intaet,  hut  has  no  effect  on  the  secretion 
when  these  nerves  are  cut.  Evidently,  therefore,  the  sensations  of 
taste,  (Hjor,  etc.,  developed  during  the  mastication  and  swallowing 
of  food  set  up  retlexly  a  stiuudation  of  secretor}-  filjers  in  the  vagus. 
Pawlow  designates  a  secretion  prrHhice^l  in  this  way  as  a  psychical 
secretion, — a  term  which  implies  that  the  reflex  must  Ix;  attentled  by 
eonacious  sensations.  In  favorable  caecs  the  fictitious  fee<ling  has 
l>een  continne<l  for  five  or  six  hours  and  a  large  amount  of  gastrie 
juice  (7(K)  c.c.)  has  Iteen  collected  from  a  fistula,  although  no  food 
aetually  entered  the  stomach.  It  is  important  to  note,  also,  that  a 
psychical  secretion,  once  startetl,  may  continue  for  a  long  tijiie  after 
the  stimulus  (the  eating)  lias  ceased.  Experiments  have  l>een  made 
uf)on  human  beings  under  similar  conditions.  Ilius,  Homl)org* 
reixirta  the  case  of  a  boy  with  a  stricture  of  the  esophagus  and  a 
fistula  in  the  stomach.  Food  when  chewed  and  swallowed  did  not 
reach  the  stomach,  but  was  regurgitated;  it  caused,  nevertheless, 
an  active  psychical  secretion  in  the  empty  stomach. 

Normal  Mechanism  of  the  Secretion  of  the  Gastric  Juice. — 
Ihiring  a  meal  the  gastric  juice  is  secrete<l,  under  normal  conditions, 
&s  long  as  the  food  remains  in  the  stomach.  The  motlern  explana- 
tion of  the  origin,  maintenance,  and  regidation  of  tliis  flow  of  secre- 
tion is  due  chiefly  to  Pawlow.  Contrary  to  a  former  general  belief, 
he  showed  that  mechanical  stimulation  of  the  gastric  mucous  mem- 
brane has  no  effect  on  the  secretion  of  the  tubules.  This  factor  may 
therefore  be  eliminated.  In  an  ordinary  meal  the  secretion  first 
starleil  is  due  to  the  sensations  of  eating — that  is,  it  is  a  psycliical 
secretion.  The  afferent  stimvdi  originate  in  the  mouth  and  nostrils; 
the  efferent  path,  the  secretor>^  fibers,  is  through  the  vagus  ner\'e. 
This  reflex  insures  the  beginning  at  least  of  gastric  digestion,  but  its 
effect  is  supplemented  by  a  further  action  arising  in  the  stomach 
itself.  It  seentis  that  some  foods  contain  substances  designated  aa 
secretogogues,  that  are  able  to  cause  a  secretion  of  gastric  juice 
when  taken  into  the  stomach.  In  other  foods  these  ready-formed 
secretogogues  are  lacking.  Thus,  meat  extracts,  meat  juices, 
soups,  etc.,  are  particularly  effective  in  this  rewpect;  milk  and  water 
cause  less  siecretion.  Certain  common  articles  of  food,  such  as 
bread  an<l  white  of  eggs,  have  no  effect  of  this  kind  at  all.  If 
introduced  into  the  stomach  of  a  dog  lli rough  a  fistula  so  as  not  to 
arou.sp  a  psychical  secretion, — for  instance,  while  the  dog's  attention 
is  diverted  or  while  he  is  sleeping, — they  cause  no  flow  of  gastric 

•  Hombori;.  "SkandiDavischea  Archiv  f.  Phywologie/'  15,  209,  1904 
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juice  and  are  not  digt^ted.  If  sucb  articles  of  food  are  eaten, 
however,  they  cause  a  psychical  secretion,  and  when  this  haa  acted 
upon  the  foods  some  products  of  their  digestion  in  turn  become 
capable  of  amusinp  a  further  flow  of  gastric  juice.  The  steps  in 
the  mechanism  of  secretion  are.  therefore,  three:  (1)  The  psychical 
secretion;  (2)   the  secretion  fram  secretogogues  contained  in  the 

food;  (3)  the  secretion 
from  secretoieogues 
contained  in  the 
products  of  digestion. 
The  manner  in  which 
the  secretogogues  act 
cannot  be  stated  posi- 
tively. Since  the  gas- 
tric glands  possess 
secret-ory  nerv-e  fibers 
the  first  exphination 
to  suggest  itself  L? 
that  the  secreto- 
gogues by  acting  on 
sensory  fibers  in  the 
gastric  mucous  mem- 
brane reflexly  stimu- 
late the  secretory 
fibei-s.  This  expla- 
nation, however,  is 
rendered  untenable 
by  the  fact  that  the 
effect  of  these  sub- 
stances is  obtained 
after  complete  sever- 
ance of  the  nervous 
connections  of  I  lie 
stomach.  If,  there- 
fore, this  so-called 
chemical  secretion  is 
produced  by  n  ner- 
vous reflex  the  nerve  centers  concerned  must  lie  in  the  stomach 
itself,  the  reflex  must  take  place  thmugh  the  i>eriphei*al  ganglion 
cells.  Another  more  probable  explanation  has  l)een  ofTei'eti. 
Edkins*  h:is  shown  that  decoctions  of  the  pyloric  mucous  mem- 
brane, made  by  boiling  in  water,  acid  or  i^eptone  solutions, 
when  injected  into  the  blood  cause  a  marked  secretion  of  gastric 
juice.  These  substances  when  injected  alone  into  the  blood  cause 
•  Edkins,  "Journal  of  Physiology,"  1906.  xxxiv..  p.  133. 
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no  8uch  effci't.  and  liccoctiotis  of  the  nuu'ims  membrane  of  the 
fundic  end  of  the  stomnch  are  without  action  on  the  gastrif  secretion. 
This  author  8iig]E:est.s.  therefoi-e,  that  the  s4N'ret(tt^ojjucri.  wliether 
preformed  in  the  food  or  formed  dnrinfr  digestion,  not  upon  the 
pyloric  mucous  memljraneand  form  a  suh,stance  which  hedcsi^iates 
as  gastrin  or  qastric  srcretin,  and  this  substance  after  absoipiioa« 

tinto  the  blood  is  carried  to  the  gastric  glands  and  stimulate.s  them^ 
to  se<:retion.    The  effect  is,  therefore,  not  a  usual  nervous  reilex.  hut 
an  instance  of  the  stimulation  of  oiu'  orgiin  by  chemiral  pro<luct3 
_    forrae<i  in  another.    Starling  *  ha.s  empha.sized  the  fact  that  this 

■  mode  of  control  is  frequently  employed  in  the  body,  as  will  ^>e 
^pieecribed  in  the  following  pages  in  connection  with  the  pancreatic 
ffneretion  and  the  internal  setrretioii-s.     He  proposes  to  designate 

such  sul)stances  by  the  general  term  of  hormones  (from  6o/taat, 
arouse  or  excite). 

The  researches  of  Paivlow  anrl  his  co-workers  seem  also  to  in- 
dicate that  the  quantity  anil  properties  of  the  secretion  var>'  with 
the  character  of  the  fixxl.     Tlie  quantity  of  the  secretion  varies, 

■  also,  other  con<l!t ions  Ix'ing  the  same,  with  the  amount  of  food  to 

■  l>e  digestwl.  The  apparatus  Is  adjusted  in  this  respect  to  work 
economically.  Different  kimls  of  fooil  proiiuce  secretions  vnr>''ing 
not  only  as  reganls  <putntity  but  alsfi  in  their  acifliry  and  diges- 
tive  action.      The   secretion   produced  by  bread,  though  less  in 

■  quantity  than  that  caused  by  meat,  jwssesses  a  greater  digestive 
action.  On  a  given  diet  the  secretion  assumes  certain  chanicteris- 
tics,  and  Pawlow  is  convinced  that  further  work  will  dis4)r»se  ihv  fact 
that  the  secretion  of  the  stomach  is  not  causetl  normally  by  general 
stimuli  all  affecting  it  alike,  but  by  specific  stimuli  contained  in  the 
food  or  produtH?d  during  digestion,  whose  action  is  of  siich  a  kind 
BB  to  arouse  refiexly  the  secretion  beat  adapted  to  the  food  ingcsterl. 

One  of  the  cur\'cs,  showing  the  effect  of  a  mixed  diet  (milk,  600 
C.C.;  meat,  100  gms.;  iiread,  100  gnis.)  ujwin  the  gastric  secretion, 
as  detemiineii  by  Pawlow's  method,  is  reprotluced  in  I'  ig.  271.  It  will 
be  noticed  that  the  secretion  began  shortly  after  the  ingestion  of  the 
food  (seven  minutes),  and  increased  rapidly  to  a  maximum  that  was 
reached  in  two  hours.  After  the  second  hour  the  flow  decreased 
rapidly  and  nearly  unifonnly  to  about  the  tenth  hour.    The  acithty 

I  rose  slightly  between  the  first  and  second  hours,  and  then  fell  gradu- 
ally. The  digestive  power  showed  an  increase  between  the  second 
and  thirti  hours. 

Nattire  and  Properties  of  Pepsin.— Pepsin  is  a  typical  proteo- 

Ij^ic  enz>-me  that  e?chibits  the  striking  peculiarity  of  acting  only  in 

acid  media;   hence  peptic  digestion  ui  the  stomach  is  the  result  of 

the  combined  action  of  pepsin  and  hydrochloric  acid.     Pepsin  is 

•  Starling,  "Recent  AJvoucvs  in  the  Phyniology  of  Digestion,"  1900. 
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influenced  in  its  aotiiin  by  temperature,  as  is  the  case  with  Ihe  other 
enzymes;  low  temperatures  retani.  and  may  even  siispentl  its 
activity,  while  high  temperatun*  increa«"  it.  The  optimum  tem- 
perature is  stateil  to  be  fmni  37°  to  40°  C,  while  exposure  for  some 
time  to  80°  C.  results,  when  the  pepsin  is  in  a  moist  condition,  in  the 
total  destniction  of  the  enzyme.  Pejjsin  may  \ye  extracted  fnun  the 
gastric  mucous  membrane  by  a  variety  of  methods  and  in  different 
degrees  of  purity  ami  strength.  The  commercial  preparations  of 
pejjsin  consist  usually  of  some  form  of  extract  of  the  gastric  mucous 
membrane  to  which  starch  or  sugar  of  niilk  has  tjeen  added.  I^bora- 
ton.'  pre|)iimtinns  are  made  conveniently  l>y  mincing  lhorr>ughly 
the  mucous  membrane  and  then  extracting  for  a  long  time  with 
glycerin.  Cilycerin  extracts,  if  not  too  much  diluted  with  water  or 
blood,  keep  for  an  indefinite  time.  Purer  prefMinitions  of  pepean 
have  been  made  by  what  is  known  as  "Briicke's  method,'*  in  which 
the  nnicous  meinbnine  is  minced  and  is  then  self-digested  with  a  5 
]:>er  cent,  solution  of  phosphoric  acid.  The  phosphoric  acid  is  pre- 
cipitated by  the  ad(iition  of  lime-water,  and  the  pepsin  is  carried 
down  in  the  florculent  precipitate.  This  precipitate,  after  being 
washc<l,  is  carriril  into  solution  by  dilute  hydrt)chloric  acid,  and  a 
sttlution  of  choleslerin  in  alcohol  and  ether  is  ad<l«l.  The  cholisterin 
is  jirecipitate*!,  and.  as  before,  carries  flown  with  it  the  pepsin.  This 
precipitate  is  coIlecte<l,  carefully  washed,  and  then  treated  repeatedly 
\%'ith  ether,  which  di.ssolvesand  removes  thecholesterin,  lea\ing  the 
pepsin  in  af[uef)us  sohition.  This  method  is  interesting  not  only 
because  it  gives  a  pure  fonn  of  pep-stn,  but  also  in  that  it  illustrates 
one  of  the  f)ropertieR  of  enz^Toes— namely,  the  readiness  with  which 
they  adhere  to  precipitators  occurring  in  their  solutions. 

In  spite  of  much  work  the  chemical  nature  of  pepsin  is  undeter- 
mined. Most  authors  agree  that  it  is  a  prf>tein  or  protein-containing 
body.  Pekelharing*  has  prepared  pepsin  from  gastric  juice  by 
dialysis,  the  substance  precipitating  as  the  acid  is  dialyzed  ofT.  The 
precipitate  may  Ix;  pu?'ilied  by  repeated  resolutions  in  acid  followed 
l)y  dialysis.  As  prepareri  by  this  method  i>epsin  is  a  fiul)stance  of  a 
protein  nature  which  contains  sulphur  and  also  some  chlorin,  but  no 
phosphorus.  It  does  not  belong,  therefore,  to  the  group  of  nucleo- 
prateins. 

Pepsin  is  supposed  to  be  formed  in  the  chief  cells  of  the  gastric 
tubules,  but  as  in  other  cases  it  is  present  in  the  cells  aa  a  zymogen 
or  proix;i)sin  whi(rii  is  not  ehangeil  to  the  active  pepsin  imtil  after 
secretion.  The  propepsin  may  be  extracted  readily  fnim  the  mucous 
membrane,  and,  since  it  is  known  that  the  zymogen  is  converted 
quickly  to  active  pepsin  by  the  action  of  acids,  it  is  evident  that  in 
the  noiTTial  gastric  juice  the  existence  of  the  hydrochloric  acid 
•  Pekelharing,  "Zeilschrift  f.  physiol.  Chcmie,"  35,  8,  1902. 
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fhsiires  that  nil  of  the  pepsin  shall  be  present  in  active  form.  There 
has  been  much  liisciission  as  to  the  nature  of  tlie  secretion  of  the 
pyloric  glands.  Heidenhain  isolatetl  this  portion  of  the  stoniach  and 
collectetl  its  secretion.  He  found  that  it  was  alkaline  and  contained 
pepsin.  Later  obser\*ers,  however,  still  continue  U>  doubt  (he  secre- 
tion of  a  tnie  pepsin  in  this  portion  of  the  stomach.  Glaessner* 
states  that  propepsin  can  not  l)e  obtained  from  extracts  of  the  pyloric 
glands,  and  that  the  proteolytic  enzyme  that  can  be  shown  in  this 
portion  of  the  stomach  by  self-iligestion  iii  acid  or  alkahne  media  is 
not  a  true  gastric  pepsin.  The  pa*>Hibility  that  a  special  secretin 
(hormone)  is  formed  in  the  pyloric  mucous  membrane  has  been 
referred  to  above  (p.  711).  From  the  tlcscription  of  the  events 
in  the  stomach  (p.  661)  it  would  seem  that  the  food  niatetial  which 
churned  and  stirreil  by  the  contractions  of  the  pyloric  musculature 
already  l>een  charped  witfi  pepsin  and  hydrochloric  acid  by  the 
glandf^  of  the  niitldle  and  fundic  rejcious. 

Artificial  Gastric  Juice. — In  studying  peptic  digestion  it  is  not 
necessary  for  all  purpases  to  establish  a  gastric  fistula.  The  active 
agents  of  the  normnl  juice  are  pepsin  and  an  acid  of  a  p roper  staniplh; 
•nd.  as  the  pe[>siii  can  Ix*  extracted  and  preserved  in  various  ways 
and  the  hydrochloric  acifl  can  easily  be  matle  of  the  proper  strength, 
an  artificial  juice  can  he  obtained  at  any  time  and  may  l>e  used  in 
place  of  the  normal  secretion  for  many  purj>nses.  In  lalx)ratory  ex- 
periments it  is  customaiT  to  enii)loy  a  glycerin  or  conunercial  prep- 
aration of  the  gastric  mucous  membrane,  and  to  add  a  small  portion 

■  of  this  preparation  to  a  large  bulk  of  0.2  per  cent,  hydrochloric  acid. 

■  The  artificial  juice  thus  made,  when  kept  at  a  temperature  of  fmm 
37°  to  40°  C.  will  digest  proteins  rapidly  if  the  preparation  of  pepsin 
is  a  good  one.  While  the  strength  of  the  acid  employed  is  generally 
from  0.2  to  0.3  per  cent,,  digestion  will  take  place  in  .solutions  of 
greater  or  less  acidity.  Too  great  or  too  small  an  acidity,  however, 
will  retanl  the  process:  that  is.  there  is  for  the  action  of  the  i)epsin 
an  optimimi  acidity  which  lies  somewhere  between  0.2  and  0.5 
per  cent.  Other  acids  may  l>e  use<l  in  place  of  the  hydrochloric 
acid — for  example,  nitric,  phosphoric,  or  lactic — but  they  are  not 
00  efFeclive,  and  the  optimum  acidity  is  different  for  each;  for 
phosphoric  acid  it  is  given  :us  2  per  cent. 

The  Pepsin-hydrochloric  Digestion  of  Proteins. — It  has 
long  been  known  that  .solid  proteins,  when  exposed  to  the  action  of  a 
normal  or  an  artificial  gastric  juice,  swell  up  and  eventually  pass  into 
solution.  The  soluble  protein  thus  formed  was  known  not  to  be 
coagidated  by  heat  and  was  remarkable  also  for  being  more  diffusible 
than  other  forms  of  soluble  proteins.  This  end-product  of  digestion 
was  formerly  conceived  as  a  soluble  protein  with  properties  fitting 
♦G!a«saner.  "  Beitrage  zur  chcm.  Physiol,  u.  Pathol.,"  1,  24   1W)1. 
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it  for  rapid  al>sorption,  and  the  name  of  peptone  was  given  to  it.    It 

was  quickly  found,  however,  that  the  process  is  complicated — that  in 

the  c'onvei>ion  to  so-called  *' peptone"  the  protein  under  digestion 

passes  through  a  numl.>er  of  iiiteimediate  stages.     The  intermediate 

protiuft^  were  pai'tially  isolated  and  were  given  spefific  names,  such 

as  acid-albumin,  parapepione,  and  propetone.     Tiie  pi-esent  concep- 

tiou  of  the  prorp.s3  we  owe  diiefly  to  Kiihne.     This  author  behoved 

that  the  protein  passes  tlirou^fj  three  general  stages  l>efore  reaching 

the  final  condition  of  peptone.    This  view  is  indicated  briefly  by  the 

following  schema : 

Native   protein. 

Arid  albumin  (syiitoniiO. 

Prinjan*  {)rote(>se»  (protalbunii-)f-es). 

Secoiidar)-  proteoses  (deut-ero-albuiuoaes). 

Peptone. 

The  first  step  is  (he  conversion  of  the  protein  to  an  acid  album! 
Tliis  change  may  lie  considered  as  Ijeiug  cliiefly  an  effect  of  the  hy- 
drochloric acid,  ahhough  iji  some  way  the  combined  action  of  the 
pet)sin-hydn>chloric  acid  compound  is  more  effective  than  a  solution 
of  the  acid  alone  of  the  same  strength.  Like  the  acid  albiunins  in 
general  (see  appentlix),  the  SA'nt-onin  is  readily  precipitat-ed  on 
neutralization.  Jn  the  beginning  of  peptic  digestion,  therefore, 
if  the  solution  is  neutralized  mth  dilute  alkali,  an  abundant  precipi- 
tate of  syntonin  occurs.  Later  tm  in  the  digestion  neutralization 
gives  no  such  effect — the  syntonin  has  all  passed  into  a  further  stage 
of  digestion.  Under  the  inHuenco  of  the  pei)sin  the  syntonin  imder- 
gocs  hydrolysis,  with  the  prnduction  of  a  numl)er  of  Ixxlies  which 
as  a  gmiii>  are  designateil  as  primar>'  proteoses  or  protalbumosos.* 
Although  several  mendM»rs  of  tliis  group  have  been  isolated  and  given 
separate  names,  so  nuich  doubt  j>revails  as  to  the  chemical  individ- 
uality of  these  sul)stauces  that  it  is  l>est  perhaps  to  regard  them  as  a 
group  of  com]>«junds  wiiich  under  the  ctMitinuetl  influence  of  the 
pepsin  undergo  still  further  liydrolysis  with  the  formation  of  aecon- 
dar>'  proteo.scs  or  deutcro-albumoses.  As  comparcfl  with  the  primary' 
proteoses,  the  secondar\'  ones  arc  distinguished  by  a  greater  solu- 
bility; they  re<iuire  a  stronger  saturation  with  neutral  salts  to  precipi- 
tate them.  (See  Appendix.)  The  secondary'  i>rot€H>ses  undergo  still 
further  hydrolysis,  with  the  production  of  peptone,  or  perha|>!*  it 
would  be  better  to  say  peptones.  The  peptones  show  still  greater 
Bolubility,  and.  in  fact,  jKiptone,  in  Kiihne's  sense,  is  that  compound 
or  group  of  comjxjunds  formed  in  peptic  digestion  wliich,  while  still 
showing  protein   reactions   (biuret  reaction),  Is  not  coagulated  by 

*  The  products  iiiteriiieiiiate  betweeu  the  original  proteia  aud  the  pep- 
tone are  des/'ribwl  in  general  as  nlbntnoses  or  as  prntofises,  acronlinc  as  one 
takes  llie  term  protoia  or  albumin  om  the  generic  name  for  tlie  orifcinal  rtib- 
staace.  The  tenn  proteiu  ir*  generally  useil  in  KnglLsli;  lience,  the  iiiterroedi- 
ate  products  are  more  appropriately  designated  as  proteosses. 
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heat  nor  prooipilat^ii  when  its  solutions  are  rompletely  satiirnted 
with  aninioniujii  sulpliate.  According  to  the  schema  iind  descrii>- 
tion  Riven  above,  the  several  stages  in  [jeptic  digestion  are  repre- 
sented as  ftillowing  iii  secjiienre.  It  !?hculd  \?e  stated,  however, 
that  many  authors  consider  that  even  i!i  the  l>eginning  of  the 
digestion  the  prt)teiri  inoleeiile  iiiay  Ije  split  into  several  complexes, 
and  tliat  stnne  of  the  end-products  inay  I>e  fonncti  in  the  very 
l>eginning  of  the  action.  AU  that  we  can  st^tc  very  positively 
is  that  the  pnitein  niulecules  undergo  a  series  of  hydmlytic  cleav- 
ages, the  end-result  of  which  is  that  in  phicc  of  the  originally  very 
large  molecule  with  a  weight  of  SfXX)  to  7000  there  is  obtained  a 
numl>eT  of  much  smaller  and  much  more  soluble  molecules  whose 
molecular  weights  arc  perhaj)s  only  250  to  4tK)  or  less. 

It  wart  formerly  heliev&i  that  pepsin  wa*«  not  ahle  to  split  tlie  romplex 
protein  ninlemle  into  compounds  of  u  simpler  strurturc  than  tlio  |>cgjtorie. 
But  a  niimlier  of  ret-ent  iiuthors  have  stated  that  if  time  enough  is  givea 
the  l>reaking  up  of  the  prot'ein  inoEerule  may  \ie  a-*  rnmplete  as  afterthe  action 
of  tryiifiiii,  or  after  hydrolysis  by  atids  (see  I'roteins  in  apjjendix).  That 
is.  along  with  the  |«ptone  or  in  plaoe  of  it  are  foimd  t«rtuin  nimpter  iMxties 
which  no  ImifFer  give  the  biuret  rcwtioti,  but  are  prun[)itahle  hy  phcwpho- 
tungsttic  acid  and  for  whirli  Hofmeister  proposcf^  the  pcneru!  niinie  of  [>cp- 
ioids.  Tliey  would  rorres|)ond,  aUo,  apparetitlv,  to  the  (froup  of  conipoimila 
ciedignated  by  Kisoher  a-*  jicirtids  or  fK»lypCfKi*I.s.  In  additinti.  inatiy  of  the 
•mino-acids  and  nitrocenoiis  luiises  whirh  constitute  the  final  cnd-proitucta 
of  U»e  breaking  up  of  the  protein  molecule  nmy  be  found.* 

In  judging  the  digestive  action  of  any  given  specimen  of  natural 
or  artificial  gastric  juice  it  is  customary  to  meastire  the  rajwdity 
with  which  an  insoluble  protein  is  converted  into  a  soluble  form. 
'I'he  methoti  most  commonly  employed  i.«  that  demised  in  Pawlow's 
biboratory  by  Mett.  The  Mett  test  is  mai.le  \>y  sucking  white  of  egg 
into  a  thin-walled  glass  tube  having  an  internal  diameter  of  1  to  2 
nuns.  The  egg-albiunin  is  coagulated  in  the  tulte  by  ijiunersing  it  for 
five  minutes  in  water  at  95°  C.  After  some  time  the  tul)e  is  cut  into 
lengtliH  of  10  io  15  mms.  ami  these  are  used  to  test  the  digestive  action 
or  amount  of  pepsin.  One  or  more  of  the  tubes  are  placed  in  the 
solution  to  be  measured  and  kept  for  ten  hours  at  IxhIv  temperature. 
The  digestive  jx»wer  is  measured  in  terms  of  the  length  in  millimetere 
of  the  column  of  egg-aibuniin  that  is  ilissolved.  Tlie  relative  amounts 
of  jxjjjsin  in  sjjlutions  compared  in  this  way  are  determined  by  the 
law  of  iSchiitz,  according  to  which  the  digestive  power  is  projxirtional 
to  the  square  root  of  the  amount  of  pepsin.  If  in  two  specimens  of 
gaatric  juice  the  numljer  of  millimeters  of  egg  albiuuin  digested 
was  in  one  case  two  and  in  the  other  three,  the  chgestive  powers  of  the 
two  solutions  would  In;  s\s  the  sqtuires  of  the  nimi[>ere,  aa  4  to  9. 

The  Rcnnin  Enzyme  (Rennet,  Chymosin). — The  property 
possesBed  by  the  mucous  membrane  of  the  calfs  stonuich  of  curdling 

*  See  Hofmewter.  "  Ergebniaw  der  Phyaologie,"  vol  i,  part  i,  796,  1902. 
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niilk  h.is  been  known  from  i-eniote  iimei^,  and  has  been  utilized  in  the 
manufacture  of  fheese  and  curds.  This  uction  takes  place  with 
remarkable  rapidity  under  favorable  conditions,  a  large  mass  of  milk 
setting  to  a  firm  coagulura  within  a  veiy  brief  lime.  It  has  l:>cen 
shown  that  this  effect  i.s  due  to  an  enzyme — rennin  or  rennet.  The 
remiin.  like  the  pepsin,  is  supposed  to  be  formed  in  the  chief  cell*  of 
the  gastric  tubules  and  to  be  present  in  the  glands  in  a  zymogen 
form,  the  prorennin  or  prochymosin.  which  after  ?«cretion  is  con- 
verted to  the  active  enzyme.  This  conversion  takes  place  very 
readily  under  the  influence  of  acid.  Rennin  (or  its  zymogen)  may  be 
obtained  easily  from  the  mucous  membrane  of  the  stomach  (with 
the  except  io[]  of  the  jn'loric  end)  by  extracting  with  glycerin  or  water 
or  by  difje-sting  with  dilute  atid.  Good  extracts  of  rennin  cause 
tlie  miik  to  dot  with  ^reat  rapiilily  at  a  temperature  of  4U°  C;  the 
inilk  (cows'  m!lk)rif  undLsturl>ed,  sets  at  first  into  a  solid  clot,  which 
afterward  shrinks  and  presses  out  a  clear,  yellowish  liquid — the 
whey.  With  huntan  milk  llie  curd  is  much  less  finiu  and  takes  the 
fonn  of  loose  floccuH.  The  whole  pmcess  resembles  much  the  clotting 
of  bkwKL  The  mpidity  of  clotting  is  said  to  vajy  inversely  as  the 
amount  of  rennin,  or,  in  other  words,  the  product  of  the  amount  of 
remain  and  the  time  necessar>'  for  clotting  is  a  constant.  The 
curdling  of  (ho  milk  involves  two  apijarently  independent  proc- 
esses :  First,  (he  rennin  acts  upon  the  casein  of  the  milk  and  converts 
it  into  a  substance  known  as  paracasein.  The  paracasein  then 
reacts  with  the  lime  salt.s  of  the  milk,  forming  an  insoluble  calcium 
salt,  which  constitutes  the  curd  or  coaguhun.  According  to  this 
\iew,  the  enzyme  dfies  not  cause  clotting  directly.  What  takes  place 
when  the  casein  is  changed  Ut  jjaracasein  is  not  understood.  Ham- 
marsten  originally  reganled  the  change  as  a  cleavage  process,  but 
this  view  has  not  \yeen  supportetl.  Others  have  supposed  that  a 
transformation  or  rearmngement  of  molecular  stnicture  occurs. 
Indeed,  the  differences  in  ]>roperties  between  casein  and  paracasein 
are  not  great,  the  most  marketl  difference  being  that  the  calcium 
salts  of  the  latter  are  insoluble.  If  soluble  calcium  salts  are  removed 
from  milk  by  the  addition  of  oxalate  s4^ihitions  it  does  not  curdle  upon 
the  adtlition  of  rennin.  Addition  of  lime  salts  restores  this  j»roperty. 
It  should  be  added  that  casein  is  also  precipitated  from  milk  by  the 
addition  of  an  excess  of  acid.  The  cunlling  of  sour  milk  in  the 
formation  of  bonnyclabber  is  a  well-known  illustration  of  this  fact. 
When  milk  stands  for  some  time  the  action  of  bacteria  u()on  the  milk- 
sugar  leads  to  the  formation  of  lactic  acid,  and  wlien  this  acid 
reaches  a  certain  concentration  it  causes  the  precipitation  of  the 
casein. 

So  far  as  our  positive  knowledge  goes,  the  action  of  rermin  is 
confined  to  milk.    Casein  is  the  chief  protein  constituent  of  milk, 
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Bind  has  therefore  an  imjiortant  nutritive  value.  It  ini  interesting] 
to  find  that  before  its  ])eptic  digestion  begins  the  ciiscin  is  aeted^ 
upon  by  an  altogether  different  enz.v-me.  The  value  of  the  curdling 
action  is  not  at  once  apparent,  but  we  may  supi»se  that  casein  is 
more  easily  digested  under  the  comlitions  that  exist  in  the  Ixnjy  after 
it  has  been  brought  into  a  solid  form.  This  has,  however,  l)een 
doubted,  and  it  lias  even  been  suggesteii  ttiat  the  process  is  a  hin- 
drance rather  than  an  aid  to  the  digestion  of  the  casein.  Until  the 
contrar\*  is  definitely  denionstrate<i  it  Ls  preferable  to  assume  that 
the  process  is  of  importance  in  the  digestion  of  milk.  The  action  of 
rennin  goes  no  further  tlrnn  the  curilling;  the  digestion  of  the  curd 
is  carried  on  by  the  i)ei)sin,  and  later,  in  tlie  intestines,  by  the 
tPk'psin,  with  the  formation  of  proteoses  and  peptones  as  in  the 
case  of  other  proteins.* 

Kennin  'm  found  eUtcwherc  than  in  the  ^a«tric  mucosa.  It  has  been 
de»rri^JCd  in  the  [»aiureatic  juice,  in  the  testw,  and  In  many  other  orgfatia 
as  well  us  in  the  tissues  of  many  pLunts.  In  fart,  wherever  proteolytic  enxymes 
are  foiiiid  there  aUo  some  evitience  of  a  cunlling  action  on  milk  may  Ije  ob- 
tained .  For  this  reason  .some  i  >bHerverH  t  have  taken  the  view  that  the  milk  coag- 
ulation is  not  due  to  a  K|)ecihc  ferment,  but  t.-^  an  action  of  the  pepsin  itflelf. 
That  is,  the  proteol\*tic  enz\nne  i-*  car>abie  of  causing  the  change  from  casein 
to  paracasein  a.-*  well  as  the  hytlrohvis  of  the  |)roteifi.  TliLs  view  U  opposed  to 
the  prevalent  opinion  re^anling  the  «p<^ciiirity  of  enzA'me  actions- 

Another  interesting  fnct  conceniing  rennin  is  that  an  animal  may  be  im- 
munized a^aini^t  it  (see  p.  :i!M)1.  If  rennin  be  hijected  su}>cutaneou^lv  in 
an  animal  an  atitirenniu  will  be  fonne<i  in  its  bliMxJ.  This  antiremitn  aJdeil 
to  milk  [irevent"*  its  curdlinp  by  rennin,  iriving  a  result,  therefore,  similar 
to  the  reaction  between  toxuis  and  antitoxins. 


The  Digestive  Changes  Undergone  by  the  Food  in  the 
Stomach. — In  adiUtion  to  the  pe|>sin  and  rennin  various  observers 
have  describeil  other  enzymes  in  the  giwstric  juice  or  gastric  mem- 

tbrane — a  lipase  or  fat-splitting  enzyme  (Voihardl.  an  amylolytic 
or  starch-sphtting  enzyme  (Friedenlhiih,  and  an  inverting  enzyme 
(Widdif'omlte) — but  the  normal  exi.-^teni'e  or  at  leii^t  the  normal 
action  of  these  latter  enzymes^  in  digestion  i.s  a  matter  alKtuI  which 

■  little  is  known.     As-  wils  saiil  al>ove.  it  is  probable  tliat  the  ptyalin 

■  swallowed  with  the  UhmI  conlimtes  to  exert  its  action  upon  the 

starchy  materials  in  the  fundus  for  a  long  time,  so  that  in  this  way 

the  starch  digeatioa  in  the  stomach  may  l>c  important.     Regarding 

the  fats,  it  is  usually  l)elieve<i  that  they  undergo  no  tndy  digestive 

change  in  the  stomach.    They  are  set  free  from  their  intimate 

mixture  with  other  f(MHi.stuffs  by  the  ilissolving  action  of  the  gastric 

juice  upon  proteins,  they  are  liquefie<l  by  the  heat  of  the  iHxiy,  and 

they  are  di.sseminate<i  throtigh  the  chyme  in  a  coarse  emulsion  by 

•  For  refepcncea  to  the  very  abundant  literature  consult  Oppenheimer* 
loc,  cit. 


tSee  Pawlow  and  Paraatachuk,  "Zeit«:hrift  f.  physiol.  Chemie,"  42,  415. 
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the  movements  of  the  stomach.  In  this  way  they  are  mechaaicall 
prepared  so  that  the  sul)sequent  action  of  the  pancrealic  juice  Ls 
much  favored.  When,  however,  fats  are  ingested  in  emulsified 
form,  as  in  milk,  for  instance,  the  lipase  of  tlie  stomach,  according  to 
Volhard,  may  cause  a  marked  hydrolysis.  It  is  supposed  that 
this  action  niiiv  Vte  important  in  the  digestion  of  the  milk-fat  by 
infants.  Regarding  the  proteins,  the  practical  point  of  interest 
is  as  to  how  far  they  are  digested  during  their  stay  m  the  stomach. 
It  seems  probnble  that  this  question  does  not  admit  of  a  categorical 
answer — that  is,  the  extent  of  the  digestion  varies  under  different 
cimiuitftances;  with  the  consiKtency  of  the  fno<l,  the  duration  of 
its  stiiy  in  the  stomaclj.  etc.  In  the  liquid  material  (chyme)  foired 
through  the  pylorus  into  the  ciuodenum  one  may  find  unchanged 
proteins,  primaiy  orse<'ond(irv  proteoses,  peptones,  or  even  the  final 
split  products  of  proteolytic  iirtion.  The  true  value  of  peptic  diges- 
tion is  not  so  much  in  its  own  action  as  in  its  combined  action  with 
the  tiyT^sin  of  the  ponci-eatic  juice.  The  digestion  of  the  proteins 
of  the  food  is  accomplished  hy  Ixith  cnzj'mes,  and  normally  we  are 
justified  in  considering  them  together  as  effecting  a  peptic-trj-ptic 
digestion.  The  preliminan'  iligestion  in  the  stomach  is  important 
as  regards  the  protein  foods  from  several  standpoints:  First,  in  the 
matter  of  mechanical  preparati^tn  of  the  fo<^>d  and  its  discharge  in 
convenient  quantities  easily  handletl  by  the  duodenum.  Second, 
in  the  more  or  less  complete  hydmlysis  to  peptones  ami  pi-oteascs 
wherel\y  the  action  of  the  pancreatic  juice  must  be  greatly  acceler- 
ated. Indeed,  in  some  cases,  this  preliminary*  action  of  the  pepsin- 
hydrochloric  acid  may  be  al>soiutely  necessary*.  Native  proteins, 
such  ns  senim-albnmin,  are  not  acted  upon  by  tr\'psin.  but  if  sub- 
mitted first  to  pepsin-hydmchloric  acid  they  are  quickly  digestetl  by 
this  enzyme.  Third,  for  some  as  yet  unknown  reason  proteins  sub- 
mitted to  peptic  digestion  are  split  by  the  tr^'psin  in  a  way  different 
frfim  its  action  on  proteins  without  this  preliminary'  treatment. 
These  and  other  facts  seem  to  indicate  that  the  i.>eptic  digestion  is  not 
so  much  an  end  in  itself  as  a  preparation  for  sul^ietpient  intestinal 
digestion.  The  stomach,  therefore,  may  be  removed  without  a 
fatal  residt.  Several  cases  are  on  reconi  in  which  the  stomach  was 
practically  removed  by  surgical  operation,  the  esophagus  being 
stitched  to  the  duotlenum.*  The  animals  did  well  and  seemed 
perfectly  normal,  although  special  precautions  were  necessary  in 
the  matter  of  feeding. 

Absorption  in  the  Stomach. — In  the  stomach  it  is  pofisible  that 
there  may  1^  iibsi^jrption  (»f  t!ie  follo>\'ing  sulistances:  Water:  salts; 
sugars  and  dextrins  that  may  luive  l)een  formed  in  salivaiy'  digestion 
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♦Ludwig  and  Ogata.  "Archiv  f,  Physiologie."  1883,  p.  89;  Carvallo  and 
Archives  ae  physiologie  norm,  ot  path.,"  1894,  p. 
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stairh,  or  that  may  have  been  enten  as  such;  the  proteoses  and 
peptones  formetl  in  the  peptic  digestion  of  proteins  or  allmininoids. 
In  addition,  absorption  of  sohible  or  licjuid  sul)Stanfes — dnigs, 
alcohol,  etc.,  that  have  been  swallowed — may  occur.  It  was  fonneriy 
assumed,  without  definite  (jn:H)f,  tlmt  the  stomach  al)8orbs  easily 
such  things  as  water,  sidti^,  sugars,  and  jieptones.  Actual  experi- 
ments, however,  made,  under  conditions  as  nearly  normal  as  possible, 
show,  upon  the  whole,  that  al>sorption  does  not  take  place  readily 
in  the  stomach — certainly  nnthing  like  sn  ciusily  as  in  the  intestine. 
The  methods  made  use  of  in  those  exjM'riinent.s  have  varied,  but  the 
most  interesting  results  have  l)een  obtaintHi  by  establishinf^  a  fistula 
of  the  duotienum  just  Ixjyond  thepylonis.*  After  establishing  tliis 
fistula  food  may  be  given  to  the  animal  and  the  contents  of  the 
stomach  as  they  pass  out  through  the  pyloric  opening  may  be 
caught  and  examined. 

TFfi/rr.^Experintents  of  the  character  just  descril>efl  show  that 
water  when  taken  alone  is  practically  not  absorl>eil  at  all  in  the 
stomach.  Von  Mering's  experiments  especially  show  that  as  soon 
as  water  is  introdiiceti  into  the  stomach  it  iK^gins  to  pass  into  the 
intestine,  l>eing  forcetl  out  in  a  series  of  spurts  by  the  contmctions  of 
the  stomach.  Within  a  comparatively  short  time  practically  all 
the  water  can  lie  recovered  in  this  way,  none  or  ver>'  little  having 
been  absorlxnJ  in  the  stomach.  For  example,  in  a  large  dog  with  a 
fistula  in  the  duodenmn,  500  c.c.  of  water  were  given  through  the 
mouth.  Wittiin  twenty-five  minutes  495  c.c.  had  l^ecn  forced  out  of 
the  stomach  through  the  duodenal  fistula.  This  result  is  not 
true  for  alt  liquids;  alcohol,  for  example,  is  alisorbed  readily. 

Soils. — The  al>sorpti<m  of  salt.s  from  the  stomach  has  not  been 
investigated  thorotighly.  According  to  Brandl,  sodium  iodid  is 
absorbed  ver>'  slowly  or  not  at  all  in  dilute  solutions.  Not  until  its 
solutions  reach  a  concentration  of  3  per  cent,  or  more  does  it.s  absorp- 
tion become  important.  Tliis  result,  if  aitplitalile  to  all  the  soluble 
inorganic  salts,  would  indicate  that  under  ordinarv'  conilitions  they 
are  practicall)-  not  al)s<irf>ed  in  the  stomach,  since  it  can  not  be  sup- 
posed that  they  are  normally  swallowed  in  solutions  so  concentrated 
as  3  per  cent.  In  the  same  direction  Meltzer  reports  that  solutions 
of  str>*chnin  are  absorbed  with  difficulty  from  the  stomach  as  com- 
pared with  the  intestines,  rectimi,  or  even  the  phar>'nx.  It  is  said 
that  the  absorption  of  sodium  iotlid  is  ver\'  much  faeihtated  by 
the  use  of  condiments,  such  as  mustard  and  pepper,  or  alcohol, 
which  act  either  by  causing  a  greater  congestion  of  the  mucous 
membrane  or  perhaps  by  directly  stimulating  the  epithelial  cells. 

•Compare  von  Mering,  '*  Vcrhandl.  dva  Congresses  f.  innon?  Meti.."  12, 
471.  Ihitt;  K^ikins.  "  Journal  of  Phyaiology/'  13,  445,  1892;  Brandl,  *' Zeit- 
sciirift  f.  Biologic,"  29,  277,  1892. 
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Sugars  and  Peptonrs. — Experiments  l>y  the  newer  methods  leal 
no  doubt  that  sugars  and  jw|>tones  can  be  absorbed  from  the  stomach. 
In  von  Mering's  work  different  fonns  of  stigar^-dextrase,  lactose, 
saccharose  (cane-sugar),  maltose,  and  also  dextrin — were  tested. 
They  were  all  absorbed,  but  it  was  found  that  al)sor])tion  was  more 
marked  the  more  concentrated  were  the  solutions.  Brand]  reports 
that  sugar  (dextrose)  and  |x?ptone  arc  not  sensibly  ulM3orl)cd  until 
the  concentration  has  rcachetl  5  per  cent.  With  these  substances 
also  the  ingestion  of  condiments  or  of  alcohol  increases  distinctly  the 
absorptive  processes  in  the  stomach.  Examination  of  the  mucous 
membrane  of  a  stomach  in  full  digestion  shows  that  it  contains 
albumoses  (Glaessner), — a  fact  that  indioAtes  some  alxsorption. 
Direct  examination  of  the  stomach  contents*  indicates  that  the 
products  of  peptic  action  beyond  the  albumose  stage — namely, 
tlie  peptoties,  i^j)ti<ls,  and  amidfj-lxxlies — ^are  absorbed.  On  the 
whole,  however,  it  would  seem  that  sugars  and  peptones  are  ab- 
sorbed with  some  difficulty  from  the  stomach. 

Fats. — As  we  have  seen,  fats  probably  undergo  no  digestive 
changes  in  the  stomach,  except  when  eaten  in  em\jL?ifie<l  form. 
'Hie  proces.s€^  of  saponification  ami  Hiudsification  are  supposed  lo 
l)e  pifliminaiy  steps  to  alisopption.  and  the.se  pi-ocesses  take  place 
usually  after  the  fats  have  reached  the  small  intestine.  The  fat  that 
is  not  acted  upon  at  all  in  the  stomach  Is,  of  cour^,  not  absorbed, 
and  even  those  fats  in  enuilsifiod  form  which  are  partially  sa|x>nifietl 
in  the  stomach  escape  absoiptjon  until  they  reach  the  small  intestine. 
•  Zunz,   'Beitrage  aur  chem.  Phy(*iol.  u.  Pathol.,"  3,  330,  1903. 
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The  food  undergoes  its  most  profound  digestive  changes  in  the 
intestines,  and  here  also  tlie  i^ixwlucts  of  digestion  are  mainly  ab- 
sorbed. The  intestinal  digestion  lie^ias  in  the  duodenum,  anti  is  iai^y 
Gomplet^ii  by  the  time  that  the  food  arrives  at  the  ileocecal  valve. 
It  is  effeeteil  through  the  combined  action  of  three  secretions, — the 
pancreatic  juice,  the  secretion  from  the  intestinal  glands  (succus 
entericus),  and  the  bile.  These  secretions  are  mixed  with  the  food 
from  the  duodenum  on,  so  that  their  action  prweeds  simultaneously. 
For  purposes  of  description  it  is  necessar>-  to  speak  of  each  more  or 
leaB  separately. 

The  Pancreas. — The  pancreas  forms  a  long,  narrow  gland  reach- 
ing from  tiie  sfilecn  to  the  curvature  of  the  duotlenuni.  Its  main 
duct  in  man  (duct  of  VVirsung)  opens  into  the  duodenum,  together 
with  the  common  bile-<liict,  about  8  to  10  cms.  beyond  the  pylorus. 
The  points  at  which  the  duct  or  ducts  of  the  pancreas  enter  the 
intestine  vary  somewliat  in  different  manimals.  In  the  dog  there  are 
two  ducts,  one  of>enJng,  together  witii  the  bile-<hict,  about  3  to  5 
cms.  below  the  pylonis,  while  a  second  enters  the  duodemmi  some 
3  to  5  cms.  farther  dnwn.  In  rabbits  the  princijjftl  pancreatic  duct 
opens  separately  into  the  duodenum  about  ^'^  cms.  Iwlow  the  opening 
of  the  bile-duct.  The  pancreas  is  a  comix^und  tubular  gland  like 
the  salivary  glands.  The  cells  lining  the  secreting  ix)rtion  of  the 
tubules,  the  alveoli,  Ijelong  to  the  serous  or  albuminous  type.  They 
are  characterized  by  the  fact  that  the  outer  [jortion  of  each  cell  is 
composed  of  a  clear,  non-granular  material  which  stains  readily, 
while  tlie  inner  jwrtion.  the  [X)rtioi]  facing  the  hunen,  contains 
numerous  granules.  Histological  study  of  the  gland  after  active 
secretion,  as  conijmred  with  the  resting  state,  has  shown  very  con- 
clusively that  these  granules  represent  a  preparatory  material  for 
secretion.  As  the  secretifm  proceeds  the  gmnules  are  dissolved 
and  discharged  into  the  lumen,  while  during  the  |>eriotls  of  rest  new 
granules  are  formed  by  metaljolic  processes  at  the  exix>nse,  ap|mr- 
ently,  of  the  non-granular  material  in  the  basal  portion  of  the  cell. 
(Heidenhain.  Kuhne,  I-ea).  The  histological  picture  of  secretion 
is  in  general  the  same  in  tliis  as  in  the  salivary  and  gastric  glands, 
only  somewhat  more  distinctly  shown.  On  the  sup|x>aition  that  the 
granules  constitute  an  antecedent  material  from  which  the 
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of  the  secretion  nre  formed  they  are  frequently  designated  as  zymo- 
gen gninules.  The  pancreas  contains  also  certain  pe<.'uliar  groups  of 
cells,  the  islands  (or  Ixidics)  of  I  an^erhans.  These  cells  probably 
have  nothing;  to  do  with  the  digestive  activity  of  the  pancreas. 
Their  supposed  function  Is  referred  to  in  the  sections  on  Internal 
Secretions  and  Nutrition.  ' 

Composition  of  the  Secretion.— The  [lancreatic  secretion  is  an 
alkalire  liquid  which  in  sfinie  aniniiils  is  thin  and  limpid,  in  others 
thick  and  glair>'.  The  secretion  in  man  l)elong8  to  the  former 
tyi>e;  it  is  described  as  watern-leiir  and  as  ha\ing  a  gi>ecific  gra%'ity  of 
1.0075.  The  secretion  may  be  collected  by  opening  the  abdomen 
and  inserting  a  cannula  ilirectly  into  the  duet,  or  a  permanent 
fistula  may  be  made  by  tiie  method  of  Tawlow.  This  method, 
applicable  to  the  dog,  consists  in  cutting  out  a  small  portion  of 
the  duodenum  where  the  jxincreatic  duct  opens  and  then  suturing 
this  piece,  the  mucous  membrane  outward,  into  the  abdominal 
wall.  The  secretion  in  this  cu.se  pours  out  upon  the  exterior  anti  may 
be  collected.  The  afiinial,  however,  suffers  nutritive  disturbances 
from  the  loss  of  the  secretion,  and  requires  careful  dieting  and  atten- 
tion. The  secretion  of  tlie  human  pancreas  has  been  collecteti  in  a 
single  case*  in  which  for  a  few  days  it  was  necessan'  to  drain  off  the 
jmncreatic  juice  In  the  exterior.  From  the  ohser\'ations  made  in  this 
case  it  apjx'urs  that  the  secretion  in  man  is  quite  abimdant,  amount- 
ing to  500  to  8(X)  c.c.  per  day.  In  the  cow  (Delezenne)  from  1)  to  2 
liters  may  be  collected  in  the  course  of  a  day.  The  secretion  possesses 
a  strong  alkaline  reaction,  due  to  the  ]iresence  of  sodium  carbonate; 
it  contains  also  a  small  aitioimt  of  coagulal>le  protein  and  a  number 
of  oi^aiiic  substances  in  traces.  The  important  constituents,  how- 
ever, are  three  enzymes  or  their  zymogens, — namely,  trypsin,  a 
proteolytic  enzyme;  pancreatic  (iia.«tase  (amyloi»sin).  an  amylolytie 
enzyme;  and  liimse  (steai>sin),  a  lipolytic  enzyme.  Some  authors 
state,  also,  that  the  secretion  contains  a  rennin  enzyme.  Cilaes.sner 
reports  that  he  got  no  evidence  of  this  last  enzj'me  in  htmian  pan- 
creatic juice. 

Secretory  Nerve  Fibers  to  the  Pancreas. ^The  pancreas 
receives  its  nerve  sujiply  inmicfliately  from  the  celiac  plexus,  but 
stimulation  of  the  nerves  going  to  this  plexus — namely,  the  splanch- 
nics  and  the  vagi — have  given  negative  results  in  the  hands  of  most 
observers  so  far  as  the  pancreatic  secretion  is  concerned.  Pawlow  f 
and  his  coworkei"s  rlidm  to  have  Iteen  more  succe.ssfvd.  ^Techanical 
«timuIation  or  electrical  stimulation  of  the  vagus  or  splanchnic  pave 
them  a  marked  flow  of  pancreatic  juice,  but  when  the  latter  form  of 

*  Soc  Clacasricr,  "  Zeit.sriinft  f.  phj-aiol.  Chemie,"  40,  165,  1903. 

t  For  recent  work  u]H>n  the  punt-reu-s  aiul  tlie  Uteratiire  see  Pawlow, 
"Tlie  Work  of  the  Digestive  Cilmuis,"  trftiislalioii  hv  Thom|>son,  1902;  R»y- 
liss  ftiul  Starling,  " -foumal  of  Physiology,"  30,  til, 'l904;  Walter,  **Archi\'«8 
des  scicucea  biologiques,"  7,  ].  '81)9. 
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Stimulus  was  used  it  was  necessarv'  to  cut  the  splanchnic  some  days             ^B 

previously  in  ouler  that  the  vasoconstrictor  filers  nii)<lil  degenerate.             H 

It  seems  that  the  secreton*"  activity  of  the  gland  is  j)revented  when              ^M 

there  is  an  interference  with  its  blood  supply.     In  tliis  respect  the             ^M 

pancreas  differs  from  the  8alivar>*  glands,    'J'he  secretioii  obtained              H 

■  upon  stimulation  of  the  nerx'es  is  characterized,  as  in  the  case  of  the              ^M 

1  gastric  glantls,  by  a  long  latent  period  of  some  minutes, — a  fact  that              H 

P  la  explained,  although  nijt  sa.tisfuctt>inly,  on  the  assumption  that  the              H 

nerve  tnmks  stimulated  contain  botli  sccretor\'  and  inJubitory  tiliers              ^M 

and  lliat  the  antagonistic  action  of  the  latter  delays  the  apf>eamnce       ^^^| 
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rvM  of  tbe  secretion  of  th«  pancreatic  juice,  the  (lirea  to  black,                    ^H 
«  iecralion  in  (Inipi  on  iliffcranl  iliets:  (1)  on  000  r.c.  of  milk:  (2)                   ^H 
on  lOQ  Ktiis.  of  tiieat.     Tlie  cur\'e  tn  red,  from  Glaemwr.  •oowv                     ^H 
a  roixecTiltet.  e^iup,  meut.  and    hrciwl.     11m   6j(umi,  1.  2,  3  Ate^                     ^H 
it«  houra  aft«r  the  becioninc  of  the  nteal.     The  fipirea  alone  tha                     ^H 
uoutttv  of  the  aecretiun  in  cubic  ceutinielen.                                                           ^H 

These  observations  have  l)een  taken  as  proof  of              H 
ocretory  ner\e  Gl>crs  to  the  pancreas;  but  some              ^| 
thrown  upon  this  conclusion.      As   is  explained              ^| 
)b8ervcrs  admit  that  the  most  effective  stimulus              H 

a  sul>stance  (.secretin)  formed  in  the  duodenum              ^| 
?  of  the  acid  of  the  gastric  juice-    It  seems  possible,         ^^H 
en  the  vagus  is  stimulated  the  movements  <if  the        ^^^| 
Lie  may  force  out  some  acid  secretion,  and  thus        ^^^B 
a  stimulation  of  the  pancreas.                                              ^| 

Secretion.— The  rate  of  flow  of  tlie  pancreatic              H 
*e  to  the  period  of  digestion  lias  l)een  determinetl              H 
^servers.     In  the  careful  experiments  reported  by              H 
I  that  the  quantity  of  secretion  is  dejiendent  to  a              ■ 
nt    upon  the  cliaracter  of  the  food.    Thus,  t                 fl 
idant  and  reaches  its  maximum  wMiucr  «SX«                 H 
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meal  of  bread  alone  than  after  a  meal  of  meat  alone.  It  seems 
possible  that  the  latter  pomt,  the  time  at  which  the  maximum  flow 
is  reached,  may  depend  upon  the  difference  in  rate  at  which  these 
foods  areejected  from  the  stomach.  Cannon  (p.  664)  has  shown  that 
the  carbohydrate  foods  leave  the  stomach  sooner  than  the  pmteins  or 
fats.  It  is  stated,  however,  that  the  composition  of  the  secretion 
varies  also  with  the  character  of  the  food,  and  indeed  shows  an 
adaptation  to  the  character  of  the  food.  The  secretion  caused  by 
protein  food  is  especially  rich  in  trypsin,  that  caviscd  by  fatty  food 
in  lipase,  ctr.  Tlie  meciiauism  by  wliirh  tliis  adaptation  is  secured 
is  not  understood.  Glaessner*  has  measured  the  rate  ul  flow  in 
man,  ami  hia  curve  for  a  mixed  diet  is  representeti  also  (in 
red)  in  Kig.  272.  These  curves  intlicate  in  general  that  the  secretion 
of  pancreatic  juice  begins  very  soon  after  food  enters  the  stomach, 
and  increases  rapi<lly  to  a  maxinuun,  which  is  reached  somewhere 
between  the  second  and  fourth  hour.  According  to  Glaessner's 
case,  there  is  a  continuous  small  secretion  of  tJic  juice  (hiring  fast- 
ing. The  olxscrvatloiis  on  dogs,  on  the  contrary',  indicate  an 
entire  cassation  of  the  flow  when  the  stomach  is  empty. 

Boldirefff  h&A  reporte<i  a  very  curious  a<.'ti^^ly  of  the  fligestive  orgaiLS 
during  fu.sting.  It  seems  that  (in  do^)  when  the  stomach  or  even  the  stiioll 
iutetitine  i.-*  empty  the  entire  gastro-mtestinid  cmiiit  exhibits  j^eriodicrd  out- 
breaks of  acttMty,  which  occur  at  inter\*iil.s  of  two  hours  ami  la-st  for  twenty 
to  thirty  minutes.  During  this  stage  the  btoniach  and  intcbtincs  exhibit 
movemetit»,  aiul  there  is  an  abundant  secretion  of  pancreatic  juice,  bile,  and 
intestinal  iuice,  which  is  8ul>aer)uently  absorbed.  AcitU  introduce*!  into 
the  stomach  '>r  intc?itines  prevent  the  occurrence  of  tliese  p>eriodp,  and  they 
are  alj^nt,  therefore,  as  long  a*i  the  istomacti  contains  pa.-*tric  juice.  The 
author's  sucgestion  tliat  the  secretions  thui*  formed  furnish  active  enzymes 
which  are  ahsorl*ed  into  the  blood  aiui  utilized  by  the  tLssues  in  de^troyiug 
the  newly  absorbed  fooil  rlocs  not  commend  it^lf  as  probable. 

Normal  Mechanism  of  the  Pancreatic  Secretion — Secretin. 

— Much  light  was  thrown  upon  the  mechanism  of  pancreatic  secretion 
by  the  discover}'  (Dolinsky,  1S95)  that  acids  brought  into  contact 
with  the  mucous  mem!)rane  of  the  duodenum  set  up  promptly  a 
secretion  of  pancreatic  juice.  Since  this  discover>'  it  has  been  be- 
lieved that  the  acid  gastric  juice  is  the  means  that  serves  to  inaugurate 
the  flow  from  the  pancreas.  As  soon  as  any  of  the  acid  contents  of 
the  stomach  pass  through  the  pylonis  this  action  begins.  Jtist  as  the 
chewing  and  swallowing  of  the  food  initiate  the  gastric  secretion,  so 
the  acid  of  the  latter  starts  the  pancreatic  secretion.  A-ssuming 
that  the  pancreatic  gland  possesses  secretoiy  fibers  if  was  thought  at 
first  that  the  acid  acts  reflexly  through  these  filjei-s — that  is.  the  acid 
in  the  duodenum  acting  upon  sensor)*  endings  causes  a  reflex  stimu- 
lation of  tlie  effei'ent  secrelor>'  fibers.  It  has  been  shown,  however, 
that  the  same  effect  takes  place  after  section  of  the  vagus  and 

*  Olaessner,  loc.cU, 

t  Boldiroff,  "Archives  des  .sciences  biolog^ques, "  II,   I,   1905. 
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si>lanrhnic  nerves  (Fopielski).  :xml  BaylLss  and  8tarimp  *  have  calleti 
attention  to  another  more  probaljle  explanation.  These  authors  find 
that  if  the  mucous  niemhmne  of  the  duodemun  (or  jejununi)  is 
scraped  off  and  treated  with  arid  ((1.4  per  eent.  HCl)  the  extract 
thus  rnadc  when  injected  iatti  the  blood  seU  up  an  active  secretion  of 
pancreatic  jnice.  They  have  shit\\*n  that  this  effect  is  due  t-o  a  si)eeial 
substance,  secretin^  which  is  formed  by  the  action  of  the  acid  upon 
some  .sul)6tance  (prosecretin)  present  in  the  mucous  membrane. 
Secretin  is  not  an  enzyme,  since  its  acti\'ity  is  not  destroyed  by  boil- 
ing  or  by  the  at:tiou  of  alctjhoJ.  The  exfK'rimental  evidence  at 
present  favors  the  view  that  tlie  normal  sequence  of  events  is  as 
follows:  The  aciti  of  the  gastric  juice  upon  reaching  the  duodenum 
produces  secretin;  this  in  tuni  is  aljsorl)ed  by  the  blood,  carried  to 
the  pancreas,  and  stimulati»s  tliLs  or^an  to  activity.  The  pan- 
creatic secretion  furnishes,  therefore,  a  second  example  of  the  ^roup 
of  substances  designated  by  StarUng  as  liormones  (p.  711).  This 
author  calls  attention  to  the  fad  that  the  salivar>'  secretion  Is  con- 
tro]le<l  entirely  by  nerve  reflexes;  the  gastric  secretion  partly  by 
a  ner\'e  reflex  (psychical  secretion)  and  partly  by  the  action  of  a 
hormone  (chemical  secretion),  while  the  pancreatic  secretion  is 
aroused  mainly  or  entirely  by  tlie  chemical  method  of  stimulation. 

Enterokinase. — It  was  di3«^overe<l  in  Pawlow's  laboratory 
(Cbcpowalnikow)  that  the  pancrejitic  juice  obtained  from  a  fistula 
may  have  Httle  or  no  digestive  action  on  pmteins,  but  if  brr»upht  into 
contact  with  the  duoilenal  uiembrano  or  an  extract  of  this  membrane 
it  shows  at  once  powerful  proteolytic  i)mix^rtiea.  Ttda  ilLscovery  has 
been  confirrae<l  repeatedly.  Evidently  the  proteolytic  enzyme  of  the 
juice  is  secrete<i  in  a  zymogen  or  pro-enzyme  fomi  (typsinogen),  which 
is  activated  or  converted  to  tn,'psin  by  something  container!  in  the 
mucous  membrane  of  the  smidl  intestine  (duodennjii,  jejunum). 
This  something  Fawlow  supposes  Ls  an  enzyme,  and  since  its  action  is 
on  another  enzyme,  "a  ferment  of  ferments,"  he  designated  it  as  a 
kinase  or  enterokinase.  The  action  of  the  entcrokinase  seems  to  be 
quite  specific.  According  to  Haylisa  and  Starling,  tr>'psinogen  is  a 
stable  body  which  cannot  be  changed  to  tn^xsin  otherwise  tlian  by 
the  action  of  the  kinase;  but  a  very  small  amount  of  the  latter 
suffices  to  convert  a  large  quantity  of  tr\'psinogen.  The  active 
tn^psin  itself,  on  the  other  hand,  is  very  easily  destroye<i,  especially 
in  alkaline  solutions.  The  physiological  value  of  this  ver>-  interesting 
relation  is  not  clear,  but  it  seems  possible  that  it  may  serve  to  protect 
the  living  tissues  from  the  powerful  digestive  action  of  the  tr>7)ain. 
Tlie  other  enzymes  of  the  pancrejitic  juice,  the  diastase  and  the  lipase^ 
are  secreted  apparently  in  active  fonn. 

The  Digestive  Action  of  Pancreatic  Juice.— The  digestive 
action  of  the  .secretion  depends  upon  the  three  enzjTnes,  trj-psin, 
•  Bayliss  and  Starling,  "  Journal  of  Physiology,"  28,  325,  1902. 
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diastase    (aiiiyhipsin),   and   lipase.    The  specific   effects  of  each 
may   be   consiiiei'ed   separately. 

Action pj  Trifpsifi. — The  at^tivatwl  try[winogen  causes  hydrolytic 
cleavage  of  the  protein  nioletnile  in  a  manner  analupous  to  that 
de-scrilwd  for  pepsin.  Its  action  iliiTers  from  that  of  pepsin,  however, 
in  several  respects.  It  attacks  the  protein  in  neutral  as  well  a;?  in 
slightly  acid  or  markeiily  alkaline  solutions.  Its  effect  upt»n  the 
protein  is  more  rapid  and  powerful  than  that  of  pepsin  and  the 
protein  molecule  is  broken  up  more  completely.  As  was  said  in 
de-scribiiiw  the  action  of  pepsin,  it  and  the  trypsin  really  act  to- 
gether -the  chanj^e  l>ei];nn  1)V  the  pepsin  is  completed  by  the  tryp- 
sin. The  preliminary  action  of  the  pepsin  not  only  hastens  that  of 
the  trypsin,  hut  to  some  extent  alters  it;  a  protein  submitted  firet 
to  pepsin  and  then  to  trypsin  is  more  completely  broken  up  than  if 
the  trypsin  acted  alone.  The  steps  in  the  hydrolysis  of  the  protein 
molecule  by  trj-psin  have  been  the  subject  of  a  very  p-eal  amoimt  of 
study,  and  views  as  to  the  details  have  chanjred  somewhat  rapidly 
of  recent  years.  Kiihne  supposed  that  the  pr(»tein  molecule  contains 
two  groups,  the  hemi  and  the  anti.  Under  the  influence  of  the  tr\'|>- 
sin  thase  are,  on  his  theory,  converted  into  corresptmding  proteoses, 
priniarj'  and  secondan,',  and  then  into  peptones— hemii)eptone  and 
antipeptone.  As  distinpui.shed  from  the  i^epsin,  the  ti'>7>sin  hy- 
drolyzes  the  heniipeptone  still  further,  splitting  it  up  into  a  numlier 
of  much  simpler  cr>^talline  bodies,  such  as  leticin,  t>Tosiu.  etc. 
Antipeptone,  on  the  contrary',  i-esists  further  hydrolysis,  and  among 
the  end-products  of  a  prolonged  pancreatic  digestion  some  peptone 
is  always  found.  This  y\e\\  has  not  Vteen  supportecl  by  recent  work. 
After  a  prolonged  pancreatic  digeMiofi  no  j:)eptone  or  peptone-like 
body  can  be  found;  in  fact,  no  substance  whi<-h  chives  a  biui-et  i-eac- 
tion.  Under  such  conditions  the  protein  molecule  is  broken  up  very 
completely  into  a  surprising  numl>er  of  smaller  molecules,  many 
of  which  have  been  i^lentlfied.  while  some  have  as  yet  escapetl  de- 
tection so  far  as  their  chemical  structure  is  concerned.  The  actual 
products  formed  tlepen<l  on  the  length  of  time  tlie  trjiisin  is  allowed 
to  act  and  the  conditions,  favorable  or  imfavorable,  imder  which  it 
acts.  The  end-products  usually  obtaine<i  most  easily  are  tyrosin, 
leucin.  lispartie  acid,  glutaminic  acid,  tryptophan,  lysin.  arginin, 
histidin.  The  first  two  of  these  sul)stances  have  been  known  for  a 
long  time  and  may  be  obtained  easily  in  crystalline  form  from 
pancrejitic  digestions.  If  the  tiypsin  is  allowed  to  exert  its  complete 
action  upon  the  protein  the  end-products  are  closely  similar  to  those 
obtained  by  Ixiiling  protein  with  acids.  The  hydrolysis  caused 
by  the  acids  and  by  the  tryp^^in  seems  to  lie  nearly  identical,  although 
that  caused  by  the  acids  is  probably  more  complete.  The  numerous 
products  obtained  by  this  complete  hytlrolysis  consist  chiefly  of 
amino-acids — that  is,  organic  acids  containing  one  or  more  amino- 
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groups  (NHj)  in  direct  union  with  carbon.  The  nitrogen  of  the 
protein  rai)Iecule  appears  in  the  spHt  prtMlurts  In  this  form  nnfi  also 
partly  a**  ammonia  roniptiuntis.  *Sonie  of  these  Ltodies  are  mon- 
ainino-acids, — that  is,  contain  one  NH2  pioup,  such  as  leucin. 
tyrosin,  plycocoll — and  include  subst^mces  belonging:  to  the  fatty 
acid  series  {aliphatic  .series),  the  l)enzene  or  carbocyclic  series. 
and  \he  heteroeyolic  senes.  OtheiM  are  diamiiio-ni-ids,  lontaining 
two  NH^  groups.  These  latter  incliuie  lysin.  hiatidin,  and  arpinin. 
which,  on  account  of  their  basic  properties,  are  frequently  <lescril*d 
as  nitro^nous  ba^s,  and  tsonietimes  as  the  hexon  bases,  since 
they   conliiin  six  carlnm  atoms. 

The  cbemical  formulas  for  the  Ixwt  known  of  these  bodies  are  a»  follows. 
For  their  propertien  ftn«i  cheinicnl  relationyhip*  reference  numt  be  made  to 
the  text-books  on  pliysiological  chemistry  (see  also  Appendix,  Chemistiy  of 
PrvleiuB); 

I.    Ml)N  A  MI  NO-BODIES. 
FATTV  ACID  SERIES. 

GlycoToU  or  amino-acetic  arid;  CH,NHjC0OH.  Tins  product  is  ob- 
tainetl  in  especially  l/irice  quantities  by  ny^l'"'''ysisof  jtelatin.  Accord- 
ing to  .AMcrhftlilcn,*  it  Is  >*i>lit  c»tT  with  diJIiruliy  by  trypsin. 

Alanin  or  'r-atninopropioiiic  acid:   CH,i'HXHjC(.K>H. 

Aminovalerianic  acid:    ^[j'^CHCTlNUjCOOH. 

Leucin   or  arninoraproic  acid:    ™»^:CHCH,rHNH,COOH.     As  slated 

above,  tlii.s  romiMuind  wha  one  of  the  first  end-product-s  of  protein 
hydroivais  that  was  recognized,  it  tnay  be  obtained  rea^lily  in 
cryatafiine  form. 

CHXHjCOOH 

►      A<p*rtic  or  anunosuccinic  acid :      I 
CH^OOH. 

Glutaminicaoid:   CH,(^^^^,j5^u! 

BEXtENE   OR   AROMATIC   SERIES. 

Tyrosin  (pAra-oxyi>henylnminopropionic  acid) :  0,11,011  .  CI!, .  CH\H,- 
COOH.  Tills  subrttance  wa.s  aL-w)  among  the  fin?t  i-ocognized  pro<I- 
uctJ*  of  protein  hydnjlywis  It  wcurs  early  in  tlie  procesu  of  pan- 
crcjitic  dipe^ition,  and  i«  easily  obtained  in  rrystullin©  form  from 
the  di^e^'te4l  mixture.  It  i»  e^tfMK-tuUy  interesting  because  of  the 
pre>*nre  f»f  a  benzene  nucleus,  thus  giving  i)n.tof  that  the  lienzene 
grouping  <M'rurs  normally  in  the   iirotein  molecule. 

Ptienylalanin  (phenylaminopropinnir  acid) :  C,H,CH,CHNFf,r<')OH.  Thi.i 
benzene  derivative  Lm,  acconling  to  Alxlcrlialden,  split  off  from  the 
protein  with  difHcuHv  by  the  action  of  trypsin,  although  readily 
produce«l  by  acid  hvffrolysis. 

PTRROL    AVD    IMDOL   SERIES. 

CH,— (H, 

I         I 
o-Pyrrolidin  carboxyUcacid:    CH]  CUCOOH.    This  substance,  discovered 

\/ 
NH 

♦  AlHlerhaUien.  "Zeitsrhrift  f.  physinl.  Chemie/'  44,  17,  1905.  Consult 
lor  general  description  of  the  digestion  of  proteids. 
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first  by  FUcher  among  the  products  of  arid  hydrolysis  of  prot<5iii 
has  Hiiire  been  sliown  to  ocrur  in  tryptic  ■ligCT'tion.  Like  iLt  ply- 
ct>coIl  luui  plienylalanin,  it  t»  produced  witli  ditticully  by  tr)'{Nii 
acting  alone,  but  more  readily  if  the  tr>*ptic  action  foUofn  ujion 
pFcvioud  peptic  digeiition,  a»  is  the  ea^e  in  the  body. 

C .  t  U, 

y\ 

Tryptophan  (akatolamino-acetic  acid) :   C^H*    C.CH(NHs)COOH. 

\/ 
NH 
substance  lia;-  ionj{  \yeen  recopnixed  among  the  prcHhicle  4)f  iryptji' 
digestion  by  llie  reddish-viol«t  color  (Tiedemann  and  Clmeliti.  1826) 
observed  uoon  the  addition  of  chlorin  or  bromin.  It*  cliemic*!  nxnit- 
ture  wa-s  delerniined  by  Hopkins  and  Cole  {1901).  ArconiiuK  to 
EUinger,*  iryptoplinn  is  an  indal-amiutvppopionic  acid  of  the  fomiuli 
C  .  CaCJOOaCH^Xlf,.    \Vhcn  fed  to  dog;^  it  causes  liie  oppeu- 

CA()ch 

NH 
anoe  of  kynurenic  acid  (C.«H,NOj|)  in  the  urine. 

It  is  interesting  as  snowing  the  e\iMenc«  of  an  iudol  groupinj 
in  the  protein  molecule. 

11.  The  Diamiso-bodies   (Hexon   Bahiis). 
Lysin    (a-f-diaminocaproic   acid):    QHiaNiO,  or  CHjNH,(CHa)jCHXiV 

coon. 

Arginin  (gunnidin  a-ami  no  valerianic  acid):  C,H||X|0|  or  NHCNU}NH* 
CH,(CH,),CHNU,CU<>H. 
HistidJn    IflH^jOj  (imidaxolaminopropionic  add?). 

The   Significance   of  Tryptic   Digestion. —  It   was  fonncrly 
supposed  lliiit  the  object  of  peptic  aud  tiyptic  digestion  b  to  con- 
vert the  insoluble  and  non-dialyzable  proteins  into  the  simpler,! 
more  soluble,  and  mot^  diffusible  peptones  and  pn)leoses.     In  this 
way   absorption   of   protein    material   was   explained.     This  %neWf^ 
however,  ih  ni>t  suftii-ient.     On  the  one  hand,  it  has  not  lieen  possihl 
fc>  pruve  conclusively  that  peptone*  or  proteoses  are  found  in  tl 
blood;  un  the  other  hand,  a  better  knowledge  of  the  processes  of^ 
tryptit'  or  of  peptic-try ptic  digestion  has  fiho^^'n  that  the  hydrol\'sil| 
does  not  stop  at  the  peptone  Kta^e;  the  protein  molecule  is  split  inl 
a  number  of  simpler  cry^tulline  substances,  the  various    amim 
ix)diea.     At  present  different  views  exist  as  to  the  extent  of  ll 
latter  process,     tiome  believe  that  the  pmtein  molecule  L»»  eiitii 
broken  down  into  its  eoH-nlleti  end-pitxlucts,  and  that  in  order 
serve  its  nutritive  fimction  Ihc^e  products  or  some  of  them  must 
synthetically  combined  again  ihiring  or  after  absorption.     Tliis  vk 
is  supported,  moreover,  by  the  discoveo'  of  the  existence  of 
enzyme  erepsin  (sec  bclowl  in  the  intestinal  mucosa.     Tlie  action 
this  latter  enzyme  Is  exerted  especially  upon  the  albumoses  anil 
tones,  breaking  them  down  into  the  amino-acids,  so  that  apparent| 
whatever  peptone  or  nlbumose  may  escaj^e  the  final  action  of 
♦  Ellinger,  "Zeitachrift  f.  physiol.  Chemic,"  43,  325,  1904. 


tnT^sin  before  rilxsorplioii  is  likely  to  \yc  arted  upon  by  the  erepsin 

before  reaching  the  l)l<io<i.*     Another  interesting  view  is  that  8ug- 

geBted  by  Abderhiilden.t     Accortlirig  to  this  uuthor,  the  hydrolysis 

of  the  protein  by  pepsin  and  trypsin  (and  perhaps  t)y  erepsin)  is  not 

poniplete.     Many  ununo-bodie.'^,  i^uch  as  tyrosin,  leurin,  ar^inin,  etc., 

Ktfe  spht  off  from  the  jjrutoin  niolecule.  I)ut  tUvrv,  i-emains  Ijehind 

^khat  one  may  call  a  nucleus  of  the  uri^iiml  niolei'ule.  which  sen'es  aa 

H^  starting  point  for  a  synthesis.    This  nucleus  is  a  substance  or  a 

^luinlier  of  substunces  intemieiHate  ijetween  the  peptone  and  the 

sinii)Ier  pnd-pi"oducLs,  and  is  spoken  i>f  a.s  a  peplid  or  peptoid  (see 

ApfKaidix).     Since  it^s  structure  is  unknown  and  it  is  probably  not 

a  simple  body,  it  i.s  designateti  as  a  |X)lype[)tid.     Abderlialdeu  has 

shown  that  in  tryptie  digestion  such  substances  are  formed — that 

is,  substances  which  are  not  i)eptoneH,  siiii-e  tfiey  no  longer  give  the 

biuret  n^nction.  but  which  have  a  certain  complexity  of  structure, 

since  ui>on  hydrolysis  with  acids  they  split  into  a  numlwr  of  mon- 

amino-  and  diamino-bodie.s.    A  schema  of  peptic-tryptic  digestion 

from  this  st4indpoint  may  be  given  as  follows: 


Native  nrot«in. 
Peptone. 

/\ 

Polypeptid.      Tyrosin.  leucin.  glutaminic  acid,  ftftpartic  acid. 
a-|>yrrolidinCiirboxylic  acid,  tryptophan,  etc. 
Arf^nin,  lynin,  hi^tidin. 


F'rom  either  of  the  points  of  view  presented  it  may  l)e  suggested  that 
■be  value  of  this  more  or  less  complete  splitting  of  the  protein  of  the 
^ood  lies  in  the  passibiUty  tluit  therein'  the  body  Is  able  to  construct 
its  own  peculiar  type  of  protein.  Many  different  kinds  of  proteins 
are  taken  a.s  food  and  many  of  them  if  mlroduced  ilirectly  into  the 
blood  act  as  foreign  material  incapable  of  nourishing  the  tissues. 
If  these  proteins  are  broken  down  more  or  less  completely  duiing 
digestion  the  tissue  cells  may  reconstruct  from  the  pieces  a  form  of 
protein  adaptable  to  their  nee<ls.  At  present  our  knowledge  of  what 
takes  place  during  tlie  aksor|Jtion  of  protein  is  very  incomplete,  and 
a  satisfactorj'  theorj'  of  protein  nutrition  is  scarcely  possible  until 
this  portion  of  the  subject  is  cleared  up  (see  p.  737). 

Action  of  the  Diastatic  Enzyme  (Amylopsin)  of  the  Pan- 
creatic Secretion. — This  enzyme  is  found  in  the  .se<Tetion  of  the 
pancreas  or  it  may  be  extracted  from  the  gland.     Its  action  upon 

♦Vomon  ("Journal  of  Physiology, "  30,  330.  1904)  bdievcH  that  the 
pancreatic  fiecretion  conUuna  two  proteolytic  onxymes — trypsin  proper, 
wliicli  mnvertK  thr  pmteinj^  to  peptonea.  and  pancrmLtic  crcpflin.  which  orcaka 
up  the  pcptODC!(  into  the  sinipler  cnd-produot«,  the  amino-oodies. 

t  Alxlerhalden,  !t>c.  cit. 
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starchy  foods  is  closely  similar  to  or  i(]entiral  with  that  of  pt\*aiS! 
It  caases  an  hydrolysis  of  the  stjirch  with  the  i>rodiiction  finally  o( 
maltose  and  arhniodextrin.  Itefore  al>soq)tion  these  suhstanrrs  are 
further  acted  upon  by  the  maltase  of  the  intestinal  secretion  ami 
converteil  to  dextrose.  The  starchy  food  that  escapes  digestion  in 
the  mouth  and  stomach  Ijecomes  mixed  with  this  enzyme  in  the 
duodenum,  and  from  that  time  until  it  reaches  the  end  of  the  large 
intestine  conditions  are  favorable  for  its  conversion  to  maltose  and 
dextrin.  Most  of  this  digestion  is  probably  comj)leted.  under  normal 
conditions,  before  the  contents  of  the  intestinal  canal  reach  the  ilcf)- 
eecal  valve. 

Action  of  the  Lipolytic  Enzyme  (Lipase,  Steapsin).— The 
imixirt4ince  of  the  pancreatic  secretion  in  the  digestion  of  fats  vis 
first  ckmrly  stated  by  Bernard  (1H49).  We  know  now  that  this  secns 
tion  contaias  an  active  enzyme  capable  of  hydrolyzing  or  saponifying 
the  neutral  fats.  Tlicse  latter  botlies  are  chemically  esters  of  the 
trihydric  alcohol  glycerin.  When  hytlrolyzed  they  break  up  into 
glycerin  and  the  constituent  fatty  acid.  The  action  of  lipase  may 
be  represented,  therefore,  by  the  following  reaction,  in  the  case  of 
palmitin: 

C3H.(C,J{„COO)3  +  3H,(:>  =  C,H„(OII),  +  3<C  H^,COOH) 

pKlniilin.  Glycerin.  PalrnilK:'  acid. 

When  lipase  from  any  sourt^e  is  addcti  to  neutral  oils  its  splitthig 
action  is  readily  recognized  by  the  development  of  an  acid  re^ictioa 
due  to  the  ff>nnati<jn  of  the  fatfy  acid.  If  a  bit  of  fresh  pancreaia 
is  adth'tl  to  butter,  for  p\ain]i!c,  and  the  mixture  is  kept  at  the  hody 
temfK?raturc  the  h\'drolysis  of  the  fats  is  soon  made  e^*ident  by  Ibo 
rancid  odor  due  to  the  butyric  acid  produced.  \Mien  pancreatic 
juice  is  mixed  with  oils  or  liquid  fats  two  phenomena  may  he 
Dotice<l:  firet,  the  splitting  of  the  fat  already  rcferrc»d  to,  and,  second, 
the  emulsification  of  the  fat.  'J'he  latter  pmcess  is  ver\*  striking 
An  oil  is  emulsified  when  it  is  !)roken  tip  into  minute  globides  that 
not  coalesce.  Artificial  emulsions  may  be  made  by  xngorous  and 
prolonged  shaking  of  the  oil  in  a  viscous  solution  of  soap,  mucilage, 
etc.  Milk  may  l)e  regarded  as  a  natural  emulsion  that  sepdritM 
slowly  on  standing,  as  the  fat  rises  to  the  top  to  form  the  creanu 
Wlien  a  little  pancreatic  juice  is  added  to  oil  at  the  body  teniperati 
the  mixture,  after  standing  for  some  time,  will  emulsify  readily  wi 
ven-  little  shaking  or  even  sjw^ntaneously.  It  is  now  known*  that 
the  emulsification  is  due  to  the  formation  of  soaps.  The  lipase  splits 
some  of  the  fats,  and  the  fatty  acid  liberated  combines  with  the 
alkaline  salts  present  to  form  soaps.    The  emulsification  ; 

*  See  Ratchford,  *' Journal  of  Pliysiology/'  12,  27,  1891. 
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under  these  ronditiona  is  ver\'  fine  anii  quite  permanent,  and  it  was 
fonneriy  l>eiieved  tliat  the  formation  of  this  emulsion  is  the  main 
function  of  the  piincrcatic  juice  so  far  as  fats  are  conccmetl.  It  was 
thought  that  in  the  fonn  of  fine  droplets  tlic  fat  may  Ix;  taken  up 
<Urectly  by  the  epithelial  cells  of  the  villi,  unci  this  view  was  supported 
by  the  histologit'ul  fiut  that  during  the  digestion  of  fats  the  epithelial 
cells  may  l>e  showni  to  contain  fine  oil  drops  in  their  interior.  The  ^ 
tendency  of  recent  work,  however,  has  been  to  indicate  tliat  the  fatS'H 
are  completely  split  into  fatty  aciils  and  glycerin  l)cfoix'  absorption, 
and  that  the  ennilsification  may  l>e  reganletl,  from  a  physiolt)gical 
stand{j4:>int,  as  a  mechanical  preparation  for  the  action  of  the  lijtase 
rather  than  as  a  tlirect  preparation  for  the  act  of  absorption.  The 
two  prfxlucts  of  the  action  of  tlie  iifMise,  the  glycerin  and  the  fatly 
acid,  are  al>sorlK\l  by  the  epithelium  and  again  combined  to  form 
neutral  fat.  In  connection  with  this  fact  of  a  sjTittiesis  of  the  split 
products  to  fonn  neutral  fat,  the  disr;over>'  by  Ixastle  and  I..oeven- 
hart  (see  p.  GSl )  that  the  action  of  lipase  is  revereible  assunies  much 
significance.  It  seems  quite  possi^de  tliat  the  same  enz>-me  may 
cause  both  the  splitting  of  the  fat  and  the  synthesis  of  the  split 
products,  not  only  in  the  intestine  during  absorption,  but  in  the 
various  tissues  during  the  metal>olism  or  the  storage  of  fat.  lipase 
is  found  in  the  bhxKl  ami  in  many  tissues, — mus^'le,  liver,  nuumnary 
gland,*  etc., — and  during  its  nutritive  hist<ir>'  in  the  Ixxly  the  fat  may 
be  split  and  s>'nthesized  a  nimiber  of  times.  In  this  connection  it  is 
interesting  to  noie  tliat  the  process  of  splitting  does  not  involve  nuich 
■work.  Ven'  little  heat  is  lil>erated  in  the  process,  and  a  corre- 
spondingly small  amount  of  energy  is  needed  for  the  SA'nthesis.f 

Tlie  lipase  as  fonnetl  in  the  pancreas  is  easily  destroyed,  especially 
by  acitls.  For  this  reason  probably  it  is  not  found  usually  in  simple 
extracts  of  the  gland  made  by  lalioratory  methoils.  It  should  l)e 
added,  also,  that  the  action  of  this  enzyme  is  aided  very  materially 
by  the  presence  of  bile.  This  latter  secretion  contains  no  lipase 
itfielf,  but  mixtures  of  bile  and  {\incrcatic  juice  sjilit  the  neutral 
fats  miirh  more  rapidly  than  the  pancreatic  juice  alone. 

The  Intestinal  Secretion  (Succus  Entericus). — ^The  small 
intestine  is  hned  with  tubular  ghimls,  the  cnpta  of  Liel>erkuhn, 
which  in  fvirts  of  the  intestine  at  least  give  rise  to  a  liquid  secretion, 
the  ao-calletl  intestinal  juice.  To  obtain  this  secretion  recourse  has 
been  had  to  the  operation  known  as  the  Thir>*-Vella  fistula.  In  this 
operation  a  given  jjortion  of  the  intestine  is  separated  from  the 
remainder  without  injuring  its  blood-vessels  or  nen'es  and  the  two 
ends  are  sutured  into  the  abd^uuinal  wall.  In  the  loop  thus  isolated 
the  secretions  may  l>e  ciiHect^nl  and  exi>eriments  may  be  made  upon 

•  See  Loevenhart.  "  .^mer.  Journal  of  PhygioloKy,"  6,  331,  1902. 
tConault  Ueriog.  "  Zeitschrift  f.  physiol.  Chemie,'*  37,  383,   1903. 
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the  digestion  and  absorption  of  various  substances.    The  secretion 
from  Uiese  loops  is  usually  said  to  be  small  in  quantity,  esi)ecially  "in 
the  jejunum.     Pregl  estimates  that  as  much  as  three  liters  maybe 
formeil  in  the  whole  of  the  email  intestine  in  the  course  of  a  day,  bwt 
this  estimate  does  not  rest  upon  ver>*  satisfactory'  data.    Th*?  licjuid 
is  distinctly  alkaline,  owing  to  the  presence  of  sodium  carfonate. 
ExjMirinients  liave  shown  that  this  liquid  has  little  or  no  digesdve 
action  except  upon  the  starches,  and  it  may  perhaps  be  doubted 
whether  it  is  a  tnie  secretion.     Extracts  of  the  walls  of  the  errmll 
intestine  or  the  juice  squeezed  from  these  walls  Lave  been  found  to 
contain  four  or  five  different  enzymes  and  to  exert  a  most  important 
influence  upon  intestinal  digestion.     Whether  these  enzymes  &xe 
actually  secreted  mUt  the  lumen  of  the  intestine  is  not  satisfactorOv 
shown,  hut  since  they  are  contained  in  tlie  intestinal  wall  we  nnisti 
regard  them  as  secretor>'  products  and  consider  them  as  the  impor- 
tant and  cliaracteristic  feature  of  the  intestinal  secretion.    Tbeee 
enzymes  and  their  actions  are  as  follows: 

1.  Eiiterokinase  (see  p.  725),  an  enzyme  which  m  pome  way  netivatM' 

proteolytic  enzyme  of  the  panireatic  juice,  by  converting  the  " 
siuugeiL  to  trypsin. 

2.  t>epsin.  This  enzyme,  dLswivcred  by  Cohnhoim.*  acts  e>j)ecittlly  upon 
the  deutero-albunioses  aiiH  jieplones,  causing  further  hvilrttljrBiir 
SVhethcr  its  splitting  action  up4»n  the  peptones  is  comnleie  U  noiJ 
sls  yet  known,  out,  as  was  said  above  (p.  72S)  the  natural  t^ugjiECstioaj 
re^irding  this  enzyme  ia  tliat  it  supplements  the  work  begun 
the  trypsin. 

3.  Inverting  enzymes  capable  of  converting  the  difttcchnridii  into 
nionosiaccharids.  Tnese  enzymes  are  tliree  in  number:  malUui^ 
wliich  acts  upon  maltose  (and  dextrin) ;  iiivertat»e  or  invertinpj 
which  acta  upon  cane-sugar;  and  lactase,  which  acta  u(>on  lartoeOLl 
The  maltase  acts  ui>on  the  prochicts  forrneil  in  the  digestion  ofl 
starches,  the  maltose  and  dextrin,  converting  them  to  dexuoss^ 
according  to   the  general   formula: 

C,JI„0„   +    H,0  -   C-.H,A  +  QH„0, 
Malto6e.  DextroM.         Doxtroas. 

In  the  same  way  inveitaee  converts  cane-sugar  tn  dextrose  and 
lose,  and  lactase  chanEcs  milk-sugar  to  dextrose  and  galactoe<e.    Thi 
inverting  actinn  is  necessary  to  prepare  the  curlx>hv* Irate  food  foC^ 
nutritive  purposes.     Double  sugars  can  not  be  used  by  the  tisn 
and    would    escape   in   the  urine^  but    in  the  fonii  of  dextrose 
dextrose  and  levulose  tliey  are  reatlily  use<i  by  the  tittstieft  in  lh< 
nonnal  metabolic  processes. 

4.  Lastly,    tlie   substance    secretin,    which,     as    explained    above,    pli 

Bucn  an  important  WSle  in  the  control  of  the  i*ecrclion  of  the  pi 
creas,  is  formed  in  the  walLs  of  the  small  intestine.     It  is  not 
enz>'7ne,  but  a  more  stable  and  definite  chemical  sul^anre  whi( 
is  secreted  or  forme4l  in  the  intestinal  mucosa  in  a  preliminarT,*  fur 
prosecretin,  and  under  the  influence  of  acids  is  changett  to  sbcretii 
In  this    latter   form    it  is    absortiefl,   carried  to  the   pancreas, 
causes  u  flow  of  pancreatic  secretion. 

*  Cohnheim,  '*  ZeiUchrift  f.  physiol.  Chemie, "  33,  451, 1901 ;  also  35,  134 


Absorption  in  the  Small  Intestine. — Absorption  takes  place 
\*cn*  readily  in  the  small  intestine.  The  general  correotness  of  this 
sUitenient  niny  lie  shown  l)V  the  use  of  isolated  loops  of  the  intestine. 
Salt  solutions  of  vaning  strengtJis  or  even  bkKwl-seniin  nearly 
identical  in  composition  with  the  unimals'  own  blotxl  may  l>e  ab- 
sorbed completely  from  these  loops.  Exanmmtion  of  tiie  contents 
of  the  intestine  in  the  duodenum  nnd  at  the  ileocecal  valve  shows 
that  the  prtKlucts  fonned  in  dige.stirm  have  largely  disappeared  in 
traversing  this  distance.  All  t!xe  information  that  we  possess  in- 
dicates, in  fiict,  that  the  nuieous  niciubrane  of  the  small  intestine 
aliRorbs  readily,  and  it  is  one  of  the  problems  of  this  ]>art  of  physiology 
to  explain  the  means  by  which  tliis  abst>rption  is  effected.  Anatomi- 
cally two  paths  are  open  to  the  products  absorbed.  They  may  enter 
the  bIfKKl  directly  by  passinj^  into  (he  capillaries  of  the  villi,  or  they 
may  enter  the  lacteals  of  the  villi,  jmss  into  the  lymph  circulation, 
and  through  the  thonicic  duct  of  the  lymphatic  system  eventually 
reach  the  blood  vascular  sj'stem.  The  okler  ph>  siologists  assumed 
that  absorption  takes  place  exclusively  throuf^h  the  central  lacteals 
of  the  villi,  and  hence  these  vessels  were  descrilwd  as  the  absorltents. 
We  now  know  that  the  digested  and  resynthesizeti  fattt  are  alisorbed 
by  way  of  the  lactejiLs,  hut  that  the  other  products  of  digestion  are 
absorlied  mainly  through  the  hlo<ni- vessels  and  therefore  enter  the 
portJil  system  and  |miss  thn^ugh  the  liver  l)efore  reaching  the  general 
circulation.  According  to  ol>servations  made  upon  a  patient  wth  a 
fistula  at  the  end  of  the  small  intestine  *  food  begins  to  pass  into  the 
large  intestine  in  from  two  to  five  and  a  quarter  hours  after  eating, 
and  it  requires  from  nine  t^  twent>'-three  hours  before  the  last  of  a 
meal  has  passed  the  ileocecal  valve;  this  estimate  includes,  of  course, 
the  time  in  the  stomach.  During  this  passage  absorption  of  the 
digested  protiucts  takes  place  nearly  completely.  In  the  fistula  case 
referred  to  alxjvc  it  wjus  foimd  that  85  per  cent,  of  the  protein  had 
tlifiappearetl,  antl  similar  facts  are  known  regarding  the  other  fiXKl- 
etuffs.  The  problems  that  have  exciteti  the  greatest  interest  liave 
been,  first,  the  exact  form  in  which  the  digested  products  are  al>- 
eorlKKl,  and,  second,  the  means  by  wliieh  this  absorption  is  effected. 
With  regani  to  the  last  question,  much  work  has  been  done  to 
ascertain  whether  the  known  physical  laws  of  diffusion,  osmosis, 
and  imbibition  are  stiflicient  to  account  for  the  movements  of  the 
absorbed  substances  or  whether  it  is  neeeasan*  to  refer  them  in 
part  to  some  unknown  activities  of  the  living  epithelial  cells.  It 
would  seem  that  diffusion  and  osmosis  occur  in  the  intestines. 
Concentrated  solutions  of  neutral  salts, — soclium  chlorid,  for  instance, 
— if  introduced  into  a  Thinf-Vella  loop,  cause  a  flow  of  water  into 

*  Macfodycn,  Neocki,  and  Sieber,  "Archiv  f.  experiiueot.  Pathol  u. 
PharmakoL,'^  28,  311,  1891. 
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the  himen  in  accordance  with  their  high  osmotic  pressure,  and,  on 
the  other  hand,  some  of  the  sotlium  chlorid  diffuses  into  the  blood 
in  accortlance  with  the  laws  of  diffusion.     It  seems  equally  rlrar. 
however,  that  absorption  as  it  actually  takes  place  is  not  goverwsil 
simply  by  known  physical  laws.    Thus,  the  animal's  own  serum.* 
possessing  presumably  the  same  concentration  and  osmotic  pfn»> 
SUIT?  as  the  animal's  blood,  is  absorljed  completely  from  an  i&olafefi 
intestinal  loop.     So  also  it  ha-s  been  shown  that  in  the  al>sori)tion  ot 
salts  from  the  intestine  t  the  rapidity  of  absorption  stands  in  no 
direct  relation  to  the  diffusion  velocity.    The  energ>'  that  couttDls 
absorption  resides,  therefore,  in  the  wall  of  the  intestine,  presumably 
in  the  epithelial  cells,  and  constitutes  a  special  form  of  imbibition 
which  is  not  yet  understood.     That  this  particular  form  of  energy 
is  connected  with   the  li\ing  stnicture  is  shown  by  the  fact  that 
when  the  walls  are  injured  by  the  action  of  sodium  fluorid,  potas- 
sium  areenate,   etc.,    their  absorptive   power    is  diminished  and 
absorption  then  follo\\*s  the  laws  of  diffusion  and  osmoais.J 

Absorption  of  the  Carbohydrates. — Our  carbohydrate  food  h 
ahstirbe^l,  for  the  most  part,  as  simple  sugars, — monofiaccharida. 
As  has  been  saitl,  there  is  reason  to  believe  that  but  Uttle  sugar  is 
absorbed  in  the  stomach.    Cane-sugar  and  milk-sugar  are  inverts 
in  the  small  intestine  by  invertase  and  lactase,  the  firet  l>eing  con-J 
verted  to  de.xtroseand  le\*ulose,  the  second  to  dextnise  and  galactose.! 
If,  however,  these  sulistances  are  fed  in  excess  they  are  al^sorbed 
part  ^^'ithout  conversion  to  simple  sugar,  and  in  that  case  may 
eliminated  in  the  urine.    The  bulk  of  our  carboljydrate  food  is 
however,  in  the  form  of  starch,  and  the  conditions  for  absorj>tion  inl 
this  case  are  more  favorable.     The  time  reijuired  for  the  digestion  of] 
the  starch  to  maltose  and  dextrin,  and  the  subseciuent  inversion  vA 
these  substances  to  dextrose,  insures  a  slower  and  more  complel 
absorption.    Five  hunchx><l  grams  or  more  of  starch  may  be  digeet< 
and  absorbed  in  the  course  of  the  day  and  it  all  reaches  the  blood 
the  form  of  dextrose.    Tliis  dextro.se  enters  the  portal  vein  and 
distributed  first  to  the  liver.     In  this  organ  the  excess  of  sugar 
withdrawn  from  the  blood  and  stored  as  glycogen,  so  that  the  amount^ 
of  sugar  in  the  general  circulation  is  thereby  kept  quite  constant, — 
about  0.15  per  cent.    When  a  large  amount  of  carbohydrate  fooii  is 
eaten,  however,  it  is  possible  that  the  liver  may  not  be  able  to  remo\'ft^ 
the  excess  completely.    In  that  case  the  amount  of  sugar  in  the  geafl 
eral  circulation  may  be  increased  above  normal,  gi\'iDg  a  condiiiois^ 
of  hypei^lycemia.     In  sucli  cases  the  excess  is  likely  to  be  excreted 


1899. 


*  Heidenhoin,  ".\rchiv  f,  die  gesammte  PhysioloRie,"  56,  579.   t8M. 
t  Wnllace  and  Cuahny,  "  Archiv  f.   die  gesamxnt«  Physiologie,     77,  202, 


JCohnheim,  "Zeitschrift  f.  Biologie,"  .37,  443,  1899. 


in  the  urine,  gi^'ing  the  phenomenon  known  as  "alinientan-  glyco- 
suria." The  amount  of  any  carlx)hydrate  that  can  be  eaten  without 
producing  a  comlition  of  alimentarv  glycosuria  is  designatctl  hy 
Hofmeidter*  as  the  assimilation  limit  of  timt  carlwhydrate.  If  taken 
beyond  this  limit  it  fonus  a  phyjsiological  excess,  and  some  is  lost 
in  the  urine.  The  assimilation  limit  varies  with  a  great  many 
conditions;  but»  so  far  as  the  different  fonns  of  caHiohydrates  are 
concerned,  it  Is  lowest  for  the  milk-^ugar  and  liighest  for  starch.  The 
simple  sugars  <lialyze  easily,  and  it  would  be  natural  to  suppose  that 
they  are  absorh>ed  into  the  blood  by  a  simple  process  of  diffusion. 
Experimental  facts,  however,  do  not  suppcut  this  \-iew  entirely.  It 
is  stated  tliat  the  absorption  of  sugars  does  n*)t  var>'  directly  as  their 
velocity  of  diffusion,  and  in  this  case,  as  with  the  other  products  of 
digestion,  it  is  necessary  to  assiune  that  work  is  done  by  the  wall  of 
the  intestine  itself,  probably  the  ejjitlielial  cells. 

So  far  as  the  carbohydrates  escape  absorption  as  sugar  they  are 
liable  to  undergo  acid  fermentation  from  the  bacteria  always  present 
in  the  intestine.  As  the  result  n(  tliis  fenuentation  there  may  be 
produced  acetic  aciil,  lactic  acid,  butyric  acid,  succinic  acid^  carbon 
dioxid,  alcohol,  hydrogen,  etc.  ThLs  fermentation  pnilmbh-  r»ccur8 
lo  some  extent  in  the  small  intestines  under  nonual  rcmiiitions. 
Aiacfadyen.t  in  the  case  alrea<i\'  referred  to,  found  that  the  contents 
of  the  int.estine  at  the  ileocecal  valve  contained  acid  e<iuivalcnt  to 
tliat  of  a  O.l  i>er  cent,  solution  of  acetic  acid.  Inder  less  normal 
conditions,  such  as  excess  of  sugars  in  the  diet  or  deficient  absorp- 
tion, the  large  prixluction  of  acids  may  lend  U>  irritation  of  the  intes- 
tines,—diarrhea,  olc. 

Absorption  of  Fats. — ^.Vimierous  theories  have  Ijeeji  held  in 
regard  to  the  mode  of  absorption  of  fats.  It  has  lieen  supjxi6e<l  that 
the  emulsified  (neutral)  fat  is  ingested  directly  by  the  ejiithelial  ceils, 
that  the  fat  rln)plet.s  enter  between  the  epithelial  cells  in  the  soH*alled 
cement  sul>stance,  that  the  f;d  dntjilet-s  are  ingesteil  by  leucocytes 
that  lie  between  the  epithelial  cells,  or  lastly  tliat  the  fat  is  first  spht 
into  fatty  acid  and  glycerin  nnri  is  absorbed  by  the  epitliclial  ceJIs  in 
these  forms.  The  tendency  of  recent  work  is  to  favor  this  last  view. 
During  digestion  the  epithelial  cells  contain  fat  <ln>plets  without 
doubt,  hut  it  seems  probable  that  these  droplets  are  formed  iii  situ 
by  a  s>*nthesis  of  the  al>9orl>ed  glycerin  and  fatty  acids.  The  lx)rder 
of  the  cell  Is  .said  to  Ije  free  from  fat  globules. — a  fact  which  would 
indicate  that  the  neutral  fat  is  not  mechanically  ingeste<l  as  oil  drojis. 
But,  granting  that  the  fat  is  abs(^>rl>ed  in  solution,  as  fatty  acids  and 
glycerin,  the  mechanism  of  absorption  remains  imexplained.    It  is 

*  Hofmewtor,  ".\rchiv  f.  exper.  Pathol,  u.  Pharmakol/'  25,  240,  188», 
atkd  2n,  355.  1800. 

t  Macfadyen,  Nencki,  aud  Sieber,  /or.  cit. 


73B 


FBTSIOUOGT  OP  DIGESTION  AXD  SECRBTIOX. 


thai  the  bile  as  vcU  as  the  puncreatin  juire  plays  an  important 
tbepraecBBh  The  pancreatic  juice  furnishes  the  li{}ase,  the  bile 
the  lafe  adts  (giycocholate  and  taurooholate  of  godinjn) 
I  tjhe  fipaae  in  sphtting  the  neutral  fat,  and  moreover  aid 
bv afaBorptaaa  of  the  spUt  fats.  'Ihis  latter  function  is  due 
to  the  biet  that  the  bile  (bile  salts)  lUssolves  the  fatty  acids 
■d  thns  brii^  them  into  contact,  in  soluble  form,  with  the 
II  When  the  bile  Is  draine<l  off  from  the  intestine 
kgr  A  fiafealA  of  the  gall-hludder  or  duct,  a  lar^e  proportion  of 
Ihr  fct^  Soods  escapes  absorption  and  appears  in  the  feces.  Direct 
sht>ws  that  the  fat  after  passing  the  epithelial  lio- 
itenng  the  stnwna  of  the  villus  is  taken  up  by  the 
I,  the  so-caJlcd  lacteals.  'lliis  fact  is  lieautifully 
by  the  mere  appearance  of  the  lymphatics  of 
iter>*  after  a  meal  containing  fats.  These  vessels  are 
k^lKtcd  with  milky  chyle  during  the  period  of  afxsorption  so  that 
entire  course  is  revealed.  The  chyle  on  microscopical  cxami- 
is  found  t4>  contain  fat  in  the  form  of  an  extremely  fine 
In  this  fonn  it  is  carried  to  the  thoracic  duct  and  thence 
lo  the  venous  circulation.  For  hours  after  a  meal  the  blood  contains 
this  chyle  fat.  If  a  specimen  of  blooil  is  taken  during  tliis  time  and 
C<alrifuyalige^l  in  the  usual  way,  the  chyle  fat  may  l>e  (rollected  at 
|h»  top  in  the  fonn  of  a  cream.  It  is  an  easy  matter  to  insert  a 
Cflumuk  into  the  thoracic  duct  at  the  ix)int  at  which  it  opens  into  the 
subclavian  and  jugular  \xins  and  thus  colletrt  the  entire  amount  of  fat 
afcgmfeftt  fium  the  intestines  by  way  of  the  lacteiils.  Experiments 
qflhiB  kind  show  that,  after  deducting  the  amount  of  fat  that  escapes 
dbfOVplkHi  mikd  is  \oet  in  the  feces,  the  amount  that  may  be  reeovered 
tNBk  the  Ihoracic  duct  is  lees  than  that  taken  in  the  food.  It  soems 
thenfore.  that  some  of  the  fat  is  absortel  directly  by  the 
of  the  villi,  probably  in  the  fonn  of  fatty  acids  or  soaps. 
TfcupMlftnn  thus  ahfiorbeii  enters  the  portal  vein  and  jjasses  thn)ugh 
||»  fe«r  boloro  reaching  the  general  circulation.  The  liver  holds 
bMfk  MOIV  or  kss  of  the  fat  taking  this  route,  as  it  is  foimd  tliat 
;libaorptkm  the  liver  cells  show  an  accumulation  of  fat  dn)plets 
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;t    The  amount  of  fat  that  may  l>e  absorl^d  from 

varies  with  the  nature  of  the  fat.     Experiments  show 

fluki  fats,  such  as  olive  oil,  are  al>8orljed  more  com- 

Ib^  hn  is  lost  in  the  feces  than  in  the  ease  of  the  more 

Oattfiuative  e.\|)eriment-s  have  given  such  results  as  the 

iliv^oil. — abeorption,  97.7  percent.;  goose  and  pork  fat, 

siutton  fat,  9U  to  92.5  per  cent.;  spermaceti,  15  per 

^i!^  )ftM««  mt4  Rockwootl.  "Journal  of  Phvt<i<)Ingy,"  21,  58,   1807; 
«k^  >liv<«  1^  ^MMr,  "  ProceedinKH.  RoyiU  Soriety,"  Ix>ndon,  58.  M.  190L 
.V  y^^k.  ".Vr^Iv  f.  Physiologie,"  1892,  497,  and  1894,  297. 
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cent.  Tlie  amount  of  fut  that  may  l>e  lost  in  the  feces  varies  also 
with  other  conditions.  If,  for  instance,  an  excess  is  taken  with  the 
footi.  or  if  the  bile  flow  is  Jiminisheil  or  suppressetl.  the  percentage 
in  the  feres  is  increased.  The  usual  amount  of  fat  allowed  as  a 
nuixinium  \n  dietaries  is  from  UXJ  to  I'iO  gins,  daily. 

Absorption  of  Proteins. — Mo^t  of  the  evixrinienral  work  on 
record  .shows  that  the  di^sesled  [)rotein.s  are  aUsorlxKi  by  the  blood- 
vessels of  the  villi,  although  after  excessive  feeding  of  protein  a 
portion  may  he  taken  up  also  in  the  lymphatics*  This  accepted 
ijelief  rests  upon  two  facts:  Fii*st  (Schniidt-Miilheim),  if  the  thoracic 
duct  (and  right  lymphatic  duct)  is  ligated,  so  as  to  shut  off  the  lym- 
phatic circulation,  an  animal  will  ai>sorl>  and  metabolize  the  usual 
amount  of  protein  as  is  imiicateil  by  the  urea  excreted  during  the  pe- 
riod. Second  (Munk^  if  a  fistula  i»f  the  thoracic  duct  is  establisheii 
und  the  total  lymph  flow  from  the  intestines  is  collected  during 
the  period  of  absorption  after  a  diet  nf  protein,  it  is  fotmd  that  there 
us  no  increase  in  tlie  quantity  nf  the  lyuiph  or  In  its  protein  contents. 
The  fonn  in  which  protein  is  absorl>ed  and  circulate:?  in  the  blood 
i^  not  satisfactorily  determined.  I'mler  normal  conditions  the 
protein  fooil  is  digested  by  the  successive  actions  of  pepsin,  trypsui, 
and  probably  erepsin.  Daring  this  digestion  |>eptones  and  proteoses 
are  fonne<l  anil  may  be  absorl)e<.l  as  such,  or  they  naxy  lie  further 
bn'>ken  down  l>y  trypsin  and  ei"e|>sin  to  the  amiuolMxiies.  leucin. 
tyrosin.  arpinin.  etc.,  and  the  intermediate  compounds,  the  pofy- 
peptiils  or  peptoids  (see  p.  729),  and  be  absorbed  in  tlie  form  of 
these  split  products.  Some  observers  claim  to  have  found  fieptonew 
or  proteoses  as  a  noi-mal  constituent  of  the  bkKxl.  but  this  claim 
has  not  been  satLsfactorily  establishetl.  Othei's  have  shown  the 
presence  of  traces  of  the  amino-acids,f  but  mucli  uncertainty  exists 
as  to  the  pi-ecLse  form  in  which  the  protein  nourishment  for  the  lx>tly 
exists  normally  in  the  blood.  Several  i>ofiHil>ilitie«  have  been  sug- 
goited.  It  is  conceivable  that  tfi*'  pe[)tones  <n  tlie  niore  simple 
split  proiiucts  may  l)e  .synfhesiz<^l  in  tfie  wall  of  the  iiitpstine  or  in 
the  liver  to  the  proteins  c)f  the  blood,  the  serum-albumin  or  globulin; 
it  Is  possible  (hat  many  of  the  end-products  of  the  <ligestive  splitting 
may  be  further  oxidizeil  and  converted  to  urea  in  the  liver  and  only  a 
fractional  part  l)e  really  svTithesize*!  into  the  proteins  of  the  Imdy. 
or  it  is  possible  that  the  al)sorl>ed  protein  exists  in  the  blood  in 
some  special  form  not  as  yet  recognized.  The  whole  question  is 
evidently  one  that  cannot  l>e  discussed  very  profitably  at  present: 
it  awaits  the  re.-^ulta  of  ftirther  investigation.  In  this  connection 
attention  should  be  directwl  to  the  fact  that  numy  forms  of  prtitein 
may  be  absorbed  appai-ently  without  previotis  digestion.    This  fact 

•  See  Mendel,   •American  Journal  of  Physiologj'."  2,  137.  1890. 
t  For  references  see  Howell,    'Americun  Journal  of  Physiology,"   I'JOG, 
xvii.,  273. 
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has  been  ilcmonsl rated  for  is<jlateil  loops  of  the  small  intestine  anaP 
also  for  parte  of  the  large  intestine.  It  is,  moreover,  lx)me  out  by 
the  medical  practice  of  giving  enemata  into  the  rectuni  when  the 
conditions  are  such  that  the  patient  can  not  l>e  fed  in  the  normal 
way.  That  absorption  and  utilization  of  the  protein  take  place 
imder  such  conditions  is  sliown  not  only  by  the  improved  nutritive 
condition  of  the  individual,  but  also  by  the  increased  output  of 
nitrogen  in  the  urine.  This  phenomenon  occurs  in  parts  of  the 
intestinal  canal  in  which  normally  no  proteolytic  enzymes  occur,  so 
that  the  whole  process  must  be  referreil  to  an  activity  of  the  ceUa 
comiXKsing  the  walls  of  the  intestine.  There  seems  at  present  little 
grounds  for  a  satisfactory  explanation  of  the  al>sor]:)tion  of  proteins, 
with  or  without  digestion^  by  a  direct  application  of  the  known 
laws  of  osmosis,  diffusion,  and  imbibition.  Kxamination  of  the 
contents  of  the  small  intestine  at  its  junction  with  the  large  shows 
that  under  normal  conditions  most  of  the  protein  has  l^een  alt- 
sorbed  before  reaching  this  point.  The  process  is  continued  in  the 
laiTge  intestine,  modified  somewhat  by  bacterial  action,  and  the 
amount  tliat  finally  escapes  absorption  and  appears  in  the  feces 
varies,  in  perfectly  normal  individuals,  with  the  character  of  the 
protein  eaten.  According  to  Munk,*  the  easily  digestible  animal 
foods — such  as  milk,  eggs,  and  meat — are  absorbed  to  the  extent  of 
97  to  99  per  cent.,  while  with  v^etable  foods  the  utilization  is  less 
complete;  from  17  to  30  per  cent,  of  the  protein  may  be  lost  in  the 
feces  if  the  vegetable  food  is  in  such  forra  as  not  to  be  attacked  readily 
by  the  digestive  secretions. 

Digestion  and  Absorption  in  the  Large  Intestine. — Obeerv&- 
tions  upon  the  secretions  of  the  large  intestine  liave  l^een  made  upon 
human  beings  in  cases  of  anus  pntternaturalb?,  in  which  the  lower 
portion  of  the  intestine  was  practically  isolated,  and  also  upon 
lower  animals,  in  which  an  artificial  anus  was  established  at  the 
end  of  the  small  intestine,  lliese  observations  all  indicate  that 
the  secretion  of  the  large  intestine,  while  it  contains  much  mucus 
and  shows  an  alkaline  reaction,  is  not  characterized  by  the  presence 
of  distinctive  enzvines.  Wlien  the  contents  of  the  small  intestine 
pass  the  valve  they  still  contain  a  certain  amount  of  unabsorl:>ed 
food  material.  As  wjis  stated  in  the  chapter  on  the  movements  of  the 
intestine,  this  material  remains  a  long  time  in  the  large  intestine,  and 
since  it  contains  the  digestive  enzymes  received  in  the  duodenum  the 
digestive  and  absorptive  pnx;esses  no  doubt  continue  as  in  tlie  small 
intestine.  This  general  fact  is  well  illustrated  in  experiments  made 
upon  dogs  most  of  whose  small  intestine  (70  to  83  jjer  cent.)  had  l>een 
removetl.f    These  animals  could  iligest  and  al>sorb  well,  and  fonued 

♦See  Munk,  "Ergebnisse  der  Physiologic,"  vol.  i,  part  i,  1902,  article, 
**Re«ir|)tion,"  for  literature  and  discussion. 

t  Krianger  and  Hewlett.  "American  Journal  of  Plo^ioloKVi "  6i  1»  1902, 
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normal  feces,  pro\ide(l  care  was  taken  with  thr  rJict.  An  excess  of 
fat  or  indigestible  rnaterial  caused  diarrhea  and  serious  loss  of  f<Mid 
material  in  the  feces.  An  intcn^ting  filature  in  the  large  intestine 
is  the  marketl  ahs*)rption  of  water.  In  the  aiiall  intestine  no  doubt 
water  is  al)sorl>ed  in  large  quantities,  but  its  loss  is  e\identl_v  made 
good  by  osmosis  or  secretion  of  water  into  the  intestine,  since  the 
contents  at  the  ileocecal  valve  are  quite  iis  fluid  as  at  the  pylorus. 
In  the  large  intestine  the  alisoq)tion  of  wat^iT  Ls  not  compensated  by 
a  secretion;  the  material  Ik^coiucs  more  and  more  solid  as  it  ap*- 
proacbes  the  rcctimi,  and  is  thus  formed  into  the  feces,  The  alkaline 
reaction  of  the  contents  of  the  large  intestine  makes  a  favorable 
en\ironment  for  the  growth  of  l^acteria,  particularly  the  putrefactive 
brti'teria  that  attack  protein  ma(pri:il.  Putrefaction  is  a  nornml 
occurrence  in  the  large  intosrinc.  arnl  much  iutfrest  has  Ixxju  ahown 
in  it«  extent  and  its  pos-siiile  physiologicjil  sigiiifi<'ance. 

Bacterial  Action  in  the  Small  Intestine. — Hacteria  are  con- 
stantly present  in  lx»th  the  large  and  the  small  intestine.     Under 
normal  conditions,  however,  it  woid<l  scH^ni  that  in  the  small  intestine 
only  those  bacteria  captihle  of  fernirnting  carbohydrate  Umil  show 
any  distinct  activity.     Putrefactive  fermentation  of  protein  material 
Ls  limited  or  absent  in  this  part  of  the  intestine  as  long  as  the  products 
of  protein  cUgestion  are  promptly  aUsorf>ed-     Conditions  that  pre- 
vent or  retard   this   ai>sorption   favor  the   occurrence  of  protein 
putrefaction.     Opinions  amnn^  investigators  differ  ius  to  the  means 
by  which  the  prot<?in  contents  are  protected  from  the  action  of  the 
l^acteria.     It  has  been  shown  that  the  presence  of  carbohydrate 
material  has  a  restraining  effect  upon  protein  putrefaction.    The 
simplest  explanation  of  this  relation  Ls  that  the  fermentation  of  the 
carbohydrates  gives  rise  to  a  number  of  organic    acids — lactic, 
m  acetic,  etc. — and  these  acids  inhibit  the  action  of  the  protein  bac- 
H  teria.    To  make  this  explanation  8atisfactor>',  however,  it  is  neces- 
BjMfy  to  show  that  the  contents  of  the  small  intestine  possess  an  acid 
ViMction.     Concerning  ih'xs  point  opinions  also  differ.     The  secretions 
W  of  the  small  intestine  are  all  alkaline  and  we  should  expect  their 
"    contents  to  have  this  reaction.     Examination  shows  that  the  con- 
tents of  the  Hraall  intestine  are  acid  or  not  according  to  the  indicator 
Bused.     With  phenolphthalein  they  may  give  an  acid  reaction,  while 
with  litmus,  lakmoid.  etc..  no  such  reaction  is  obtained.*    Such  a 
result  as  this  indicates  that  no  strong  organic  acids,  such  a«  acetic 
and  lactic,  are  present,  the  phenolphthalein  lieing  affected  possibly 
by  the  CO,.     As  Munk  has  stated  it  seems  that  the  contents  of  the 

Ismail  intestine  throughout  the  duodenum  and  jejunum  are  at  least 
•Consult   Macfwlvcn,  Nencki,  and  Sieber,  loc.  cit.;   Moore  and  BerKiii» 
''American   Jounial  of    PhyMolngy,"  3,  316,  1900;   Munk,  " Central blatt  f. 
Pbyniologie,"  16,  33  and  H6,  11)02. 
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never  alkaline,  and  when  caroohydrates  are  used  the  reaction  may 
not  only  be  iicitl  to  phenolplithalein  l>ut  also  to  the  stronj^er  iinlicfl- 
tore.  On  the  whole,  therefoi-e,  it  would  seem  probable  that  tbf 
small  amount  or  total  lack  of  protein  puti*efaction  in  the  small  inU*- 
tine  is  due  in  part  to  the  rapid  ab;*orption  of  the  digeste<l  protein 
and  in  part  to  an  unfavorable  reaction.  Some  obser\-ers  contemi 
that  there  Ls  a  struggle  for  exbtence  or  antagonism  between  llie 
bacteria  acting  upon  carbohydrates  and  those  living  upon  proteins. 
^Vhen  the  former  have  conditions  favoral>le  for  growth,  their  incrcfise 
in  some  way  affects  injuriously  the  pmtein  bacteria.* 

Bacterial  Action  in  the  Large  Intestine. — In  the  large  intc^tifie 
pmtein  putrefaction  is  a  constant  and  normal  occurrence.  Thfc 
reaction  here  is  stated  to  be  alkaline,  and  whatever  protein  may  have 
escaped  digestion  atitl  al)sorption  is  in  turn  acted  upon  by  the  bac- 
teria and  undergoes  .so-<*alletl  putrefactive  fermentation.  The  split- 
ting up  of  the  protein  molecule  by  this  process  Ls  ver>'  complete,  and 
diflfers  in  some  of  Its  protiucts  from  the  results  of  hydrolytic  cleuvnrt 
as  caused  by  acids  or  by  trypsin.  The  list  of  end-products  of  putre- 
faction is  a  long  one.  Besides  peptones,  proteoses,  ammonia,  and 
the  various  amino-acids,  there  may  be  produced  such  suljstanccs 
indol,  skatol,  phenol,  phenylpropionic  and  phenylacetlc  acids,  fatty 
acids,  carlion  dioxid.  hydrogen,  marsh  gas,  hydrogen  sulphid.  etc 
Many  of  these  pHxlucts  are  given  off  in  the  feces,  while  others  are 
absorbed  in  part  antl  excreted  sulisequentJy  in  the  urine.  In  t 
latter  connection  esi^ecial  interest  attaches  to  the  phenol,  indol.  a: 
skatol.  Phenol  or  carl)olic  acid,  C,HjOH,  after  absorption  is  con 
bined  with  sulphuric  acid,  to  fonu  an  ethereal  sulphate  (conjugat 
sulphate)  or  phenolsulphonic  acid,  CglijOSOjOII,  and  in  ihL*  f 
is  foimd  in  the  urine.  So  also  with  cresol.  The  indol,  CjH,N. 
skatol  (me(hyl-indol),  CpH^N,  are  also  absorbed,  undergo  oxidation 
indoxyl  and  skatoxyl,  and  are  then  combined  or  conjugated  with 
sulphuric  acid,  like  the  phenol,  and  in  this  form  are  found  in  the  un 
— CgH^NOSOjOH,  or  indo.xyl-sulphuric  aci<l.  and  C,HBM)S(.y.) 
skatoxyl-sulpluiric  acid.  These  Iwdies  have  long  l^een  known 
occur  in  the  urine,  and  the  proof  that  they  arise  primarily  from  put 
faction  of  protein  material  in  the  large  intestine  is  si:»  conclusive 
not  to  admit  of  any  doubt.  The  amount  to  which  they  occur  in 
the  urine  is,  therefoi-p.  an  indication  of  the  extent  of  the  putrefacti 
in  the  large  intestine. 

Is  the  Putrefactive  Process  of  Physiological  Importance? 
Recognizing  that  fermentation  by  moans  of  bacteria  is  a  no 
occurrence  in  the  gastro-intestinal  canal,  the  question  has  arisen 
whether  this  process  is  in  any  way  neeessan,*  to  normal  digestion  and 
nutrition.  It  is  well  known  that  excessive  bacterial  action  may  lead 
•  See  Biensttock,  "  -\rrhiv  f.  Hygiene,"  3»,  300,  I90I. 
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to  intestinal  troubles,  such  a.s  (linrrhea,  or  t4i  more  serintis  interference 
with  general  nutrition  owing  to  the  formation  of  toxins.  It  ia, 
however,  possible  that  some  amount  of  baeterial  action  may  be 
necessary  for  complet^ily  normal  t-lij^t^stion.  As  a  special  case  it  has 
been  pnintett  out  that  the  gastro-inteKlinal  tract  is  not  jmnided  with 
enzymes  ca|mb]e  of  acting  ujxin  celiuJose,  a  material  that  fonns  such 
an  ini{X)rtant  constituent  of  vegetable  footla.  Bacteria,  on  the  other 
liand,  nmy  ii\tbt)Iyze  the  cellulose  and  render  it  useful  in  nutrition. 
Leaving  aside  tliis  special  case,  the  (juestion  as  to  the  necessity  of 
liaeterial  action  lias  l>een  investigate<l  (hnn^tly  by  attempting  to 
rear  yoiuig  animaLs  under  jxTfectly  sterile  c<inditions.  Nuttall  and 
Thiorfelder'*  report  some  ver>'  interesting  exjxrijiients  iifx>n  guinea 
pigs  in  which  the  young  animals  fnjtii  birlli  were  kept  sterile  and  fed 
with  pcrfe<:'tly  sterile  fc»od.  They  found  that  the  animals  live<l  and 
inrrea.sed  in  weight,  and  conclude*!  therefore  that  the  intestinal 
Ittcteria  are  not  necessarj''  to  normal  nutrition.  This  conchision  is 
supported  by  the  obsen'ations  of  Levin. f  who  finds  that  animals  in 
the  Arctic  regions  in  mauy  cases  liave  no  jjacteria  in  their  intestines. 
SchottehusJ  repc»rt«  contrary'  ivsult^s  uixjn  chickens.  When  kept 
Bterile  ihey  lost  steadily  in  weight  and  showctl  normal  growth  only 
when  siippliefl  with  food  containing  tmoteria.  We  may  conclude, 
however,  tliat  the  evidence  at  present  indicates  that  the  bacterial 
fennentation  is  not  essential,  although  under  the  actual  conditions 
of  life  it  plays  a  jwrt  in  the  iligestive  histor>'  of  the  food. 

Composition  of  the  Feces. — The  feces  differ  widely  in  amount 
and  in  conifMisition  with  the  character  of  the  footl.  fpon  a  diet 
com[x)«ed  exclusively  of  mejits  they  arc  small  in  amount  and  dack 
in  color;  with  an  ordinar\'  mixed  diet  the  amount  is  increased;  and 
it  is  largest  with  an  exclusively  vegetable  diet,  es(>efiully  with  v^e- 
tables  containing  a  large  amount  of  indigestible  naaterial.  The 
average  weight  of  the  fet'es  in  twenty-four  hours  u|X)n  a  mixed  diet 
is  given  as  17(1  gms.,  while  with  a  vegetable  diet  it  may  amount  to  as 
much  as  400  or  .VH)  gms,  The  quantitative  com|)f>siti<»n,  therefore, 
varies  greatly  with  the  diet,  (jualitativeh ,  we  find  in  tiie  feces 
tlie  following  things:  (1)  Indigestible  material,  such  as  ligaments  of 
meat  or  cellulose  from  vegetables.  {2)  Indigested  material,  such  as 
fragment8  of  meat,  starch,  or  fat.s  whicli  liave  in  sfune  way  escaped 
digestion.  Natundly,  the  quantity  of  tliis  material  present  is  slight 
under  normal  conditions.  Some  fats,  however,  are  almost  always 
found  in  feces,  either  as  neutral  fats  or  as  fatty  acids,  ami  to  a  small 
extent  as  calcium  or  magnesium  soaps.    The  cjuantity  of  fat  found  is 

*  Nuttall  and  Thierfelder,  "  Zeitschrift  f.  phvsiol.  Ctieniie/'  21,  109, 
1895;    22,  62.  1896;    23.  231,  1897. 

t  "  Skandinavbiches  Archiv  f.  I'ltvAiologie,"  16.  240,  1004. 
fArcbiv  f.  Hygiene,"  42.  48,  1902. 
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increaseti  by  an  increase  of  thr  fnts  in  the  food  or  by  a  deficient 
secretion  of  bile.  (;i)  Products  ai  the  intestinal  secretions,  Eni- 
dence  has  aceunuilatetl  in  recent  years*  to  show  that  the  feces  in 
man  on  an  average  diet  arc  composed  in  part  of  the  material  of  the 
intestinal  secretion.  '^I^he  nitrogen  of  tlic  feces,  formerly  supposed  to 
represent  only  undigested  foo<l,  seeiiis  ciHict  to  have  its  origin  largely 
in  these  secretion.s,  and,  therefore,  like  the  nitrogen  of  the  urine, 
represents  so  much  metalxilism  in  the  body.  (4)  Products  of  bac- 
terial deconi]TOvSition,  The  moat  chamcteristic  of  these  products?  are 
indol  and  skatol.  They  are  crystalline  bodies  jiossesfidng  a  disagree- 
able, fecal  odor;  this  is  es|XK^ially  true  of  skatol,  to  which  the  odor 
of  the  feces  is  mainly  due.  (5)  Choleaterin,  which  is  found  always 
in  small  amoimts,  and  is  probably  derived  from  the  bile.  (6)  Ex- 
cretin,  a  cr\*stallizablc,  non-nitrogenous  sulistance  to  which  the 
fonuula  C-^H,B^(),  has  been  assigned,  is  found  in  minute  quantities. 

(7)  Mucus  and  epithelial  cells  thro\\Ti  off  from  the  intestinal  wall. 

(8)  Pigment.  In  addition  to  the  color  due  to  the  undigested  food 
or  to  the  metfillic  cojiip4)unda  contained  in  it,  there  is  normally 
present  in  the  feci^  a  pigment,  urobilin  or  stercnbilin,  derived  from 
the  pigments  (liilinibin)  of  the  bile.  l'n>bilin  is  formed  from  the 
bilinabin  by  reduction  in  the  large  intestine.     (9)  Inorganic  ailLs — 

jalts  of  sodhmi,  pntasshim,  calcium,  ma^esium,  and  iron.  The 
;nificance  of  the  calcium  and  iron  salts  will  be  referred  to  in  a  .subse- 
quent chapter,  when  speaking  of  their  nutritive  import-ance.  (10) 
niicrrf-organisms.  Clrcat  quantities  of  bacteria  of  different  kinds  are 
found  in  the  feces. 

In  addition  to  the  feces,  there  is  found  often  in  the  large  intestine 
a  quantity  of  gas  that  may  also  Ik;  eliminate]  through  the  nx-tum. 
This  gas  varies  in  composition.  'I'he  following  substances  have  been 
found  at  one  time  or  another:  CH<,  Ci\,  H,  N,  HjS.  They  arise 
mainly  from  the  bacterial  fenuentation  of  the  proteids,  although 
some  of  the  N  mav  i)c  derived  from  air  swallowed  with  the  foot!. 


♦Praiwnitz,  "Zeitschrift  f.  Biologic/'  35,  335,  1S97;   and   Tsubdi,  ibid.. 


p.  68. 


The  liver  plays  an  inTportant  part  in  the  general  nutrition  of  the 
body.  Its  functions  are  nianifottl.  but  in  the  long  run  Ihey  depend 
upon  the  properties  of  the  liver  cell^  which  constitutes  the  anatomical 
and  physiological  unit  of  the  organ.  These  cells  are  seemingly 
imifom  in  structure  throughout  the  whole  Hubstance  of  the  liver,  but 
to  understand  clearly  the  different  funtitioiis  they  fulFdl  one  must 
have  a  clear  idea  of  their  anatomical  relations  Uj  one  another  and 
to  the  blood-vessels .  the  Kinphatics,  and  the  bile-ducts.  The  liistol- 
ogy  of  the  liver  lobule,  and  the  relationslii]>  of  the  portal  vein»  the 
hepatic  arter>',  and  the  hile-duct  to  the  lolnile,  must  be  obtained  from 
the  text-lxKjks  ufK>n  histolog)'  and  anatomy.  It  is  suiTicient  here  to 
recall  the  fact  that  each  lobule  is  supplied  with  bl(M)d  coming  in  [lart 
from  the  portal  vein  and  in  i)art  fn)[u  the  ht^fMitic  arter>'.  The  blood 
from  the  fonner  source  contains  the  s<^)luble  products  abso^b€^d  from 
the  alimentary-  cariab  such  as  sugar  and  protein,  and  these  ab8orl>ed 
pnxiuct*!  are  submitted  to  the  metabohc  activity  of  the  liver  cells 
before  rpaching  the  genenil  tinMilation.  The  he|)atio  artery  brings  to 
the  hver  cells  the  arterialized  bltMH]  sent  out  to  tlie  systemic  circu- 
lation from  the  left  ventricle.  In  addition,  each  lobule  gives  origin 
to  the  bile  capillaries  wliich  arise  lx*twcen  the  se|jarate  cells  and  which 
carr>'  off  the  bile  formed  within  the  cells,  in  accordance  with  these 
facts,  the  physiolog>'  of  the  liver  cell  falls  naturally  into  two  parts, — 
one  treating  of  the  formation,  composition,  and  phyHiological  signiff- 
canee  of  bile,  and  the  other  (hailing  with  the  niL'taboUc  changes  pro- 
duced in  the  mixed  IiIochI  of  the  jMjrlal  vein  and  the  he^jjatic  arter>' 
as  it  flows  tlirough  the  lobules.  In  this  latter  division  the  main 
phenomena  to  \\e  studied  are  the  fonnation  of  urea  and  the  formation 
and  significance  of  glycogen. 

Bile. — Frf»in  a  physiological  standfKiint,  bile  is  partly  an  excre^ 
tion  carr>*ing  off  certain  waste  products,  and  iJartly  a  (hgestive  secre- 
tion playing  an  impoHjint  nMe  in  the  absorption  of  fats,  and  possibly 
in  other  ways.  Bile  is  a  continuoiLs  secretion,  but  in  animals  possesB- 
ing  a  gall-bla<itler  its  ejection  into  the  duodenum  is  intermittent. 
Bile  is  easily  obtaine<l  from  li\nng  animals  by  establishing  a  hstula 
of  the  biie-<Iuct  or,  as  seems  prefemble,  of  the  gall-bladder.  The 
latter  operation  has  lieen  performed  a  nurnlxT  of  times  on  human 
beings.     In  some  cases  the  entire  sripplv  of  bile  has  l^een  diverted  in 
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this  way  to  the  exterior,  and  it  is  an  interesting  j>hysioIogica!  fact 
that  such  paticnt.s  may  continue  to  enjoy  fair  hejilth,  showing  (hat, 
whatever  part  the  bile  takes  nonnally  in  liigestion  and  al)sorptioii, 
its  passage  into  the  int^?Htine  is  not  al>8ohiteI\'  necessary  to  the  nu- 
trition of  the  boily.  Tlie  <]uantity  of  bile  secreted  during  the  day 
has  (jccn  estiniatetl  (or  luiinan  Ix^ings  of  average  weigiit  (43  to  73 
kgins.)  as  varying  between  50<)  and  800  c.c.  This  estimate  is  imsed 
upon  ol>ser\'atious  on  ca^es  of  biliary  fistula.*  Chemical  analyses 
of  the  bile  show  that,  in  addition  to  the  water  and  salts,  it  contains 
bile  pigments,  bile  acids,  cholesterin,  letrithin,  neutral  fats  and  st>aps, 
snmetiniey  a  trace  of  urea,  and  a  mucilaginous  imcleo-albuniin  for- 
merly tlesignatetl  iuipro|)erly  as  mucin.  The  last^nentioneil  sub- 
stance is  not  formed  in  the  liver  cells,  but  is  added  to  the  bile  by  the 
mucous  membrane  of  the  bile-ducts  and  gall-bladder.  The  quantity 
of  these  substances  jiresent  iii  the  bile  varie«  in  different  animals 
and  under  different  comlitiorLs.  As  an  illustration  of  their  n?lative 
importance  in  Inmian  biie  and  of  the  limits  of  variation,  the  two 
following  analyses  by  Hanmiarstenf  may  be  quot^I: 

I.  II. 

Solids *. 2.520  2M0 

K           Water 97.480  97.160 

^M           Mucin  aiid  pigment. 0.529  0.910 

H            Hik  Halt4                                       0.931  0.814 

^m           Taurooliolate.                                0.3034  0.053 

■  C;ivoocholate 0.6276  0.761 

^B            Kattv  ii('i<ls  from  soap 0.1230  0.0^4 

■  Chole^terin 0.0030  0.006 

■  F^J'^*"'"} 0.0220  0.1286 

H  Soluble  .salth..  .0.8070  0.S051 

^  Initoluble  sulu-^  .   0.0250  0.0411 

The  color  of  bile  varies  in  different  animals  accortling  to  the  pr&- 
ponderance  of  one  or  the  other  of  the  main  bile  pigments,  bilirubin 
and  l>iliverdin.  The  bile  of  carnivorous  animals  hiis  usually  a 
golden  color,  owing  to  the  presence  of  bilinihin.  while  tliat  of  the  her- 
bivora  is  a  bright  green  from  the  biliverdin.  The  color  of  human  bile 
seems  to  var>':  according  to  some  authorities,  it  is  yelhnv  or  golden 
yellow,  and  this  .seems  especially  true  of  the  bile  as  foimd  in  the  gall- 
bladder of  the  cadaver;  according  to  others,  it  is  of  a  dark-olive  color 
with  the  greenish  tint  predominating.  Its  reaction  is  feebly  alkaline, 
and  it«  specific  gravity  varies  in  human  bile  from  1.050  or  \.0M)  to 
1. 010.  Himxan  bile  does  not  give  a  distinctive  alj8orf)tion  spectrum, 
but  the  bile  of  some  herbivora,  after  exposure  to  the  air  at  least,  gives 
a  characteristic  spectnun. 

•Copeman  and  Winston,  "Journal  of  Phy.sioloffv/'  10,  213.  1889;  Rob- 
son,  "ProceedinRs  of  the  Hoyal  Society."  bondon,  47,  499,  1890;  Pfaff  and 
Balch,"  Journal  of  Kxf*rinieiitftl  MedirinR,"  2,  49,  1897. 

t  Reported  in  "  Centra Ibl at t  f.  Hiysiologio,"  1894,  No.  8. 
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Bile  Pigments.— Bile,  ncronliriK  to  the  animal  from  which  it  18 
obtained,  contains  one  or  the  other,  or  a  mixture,  of  the  two  pijB:inpnls 
bilirubin  and  bilivenlin.  liiliveniin  is  aupposeil  to  stand  tn  bilini}>in 
in  th(j  relation  of  an  oxidation  product.  Hilinihin  is  ^ven  the  fomnila 
C,,H,^Nj03,  and  biliverdin  Cj^Hi^NjO^,  the  huter  Ix'ing  preiwred 
recidily  from  pure  specimens  of  the  former  by  oxidation.  These 
pigments  give  a  characteristic  reaction, known  as**Gmelin*s  reaction," 
with  nitric  acid  containing  8<ime  nitrons  acid  (nitric  acid  with  a 
yellow  color).  If  a  drop  c»f  bile  and  a  droj>  of  nitric  acid  are  brought 
into  contact,  the  fonner  undergoes  a  succession  of  color  changes,  the 
order  being  green,  blue,  violet,  red,  and  reddish  yellow.  ITie  play 
of  colors  is  due  to  successive  oxidations  of  the  bile  pigments:  starting 
with  bilirubin,  the  first  stage  (green)  is  due  to  the  formation  of  bili- 
verdin. The  pigment*!  formed  in  some  of  the  other  stages  have  been 
isolated  and  named.  The  reaction  is  ver^'  delicate,  and  it  is  often 
used  to  detect  the  presence  of  bile  pigments  in  other  liquids — urine, 
for  example.  The  bile  pigment.s  originate  from  hemoglobin.  This 
origin  was  first  indicated  by  the  fact  that  in  old  blood  clots  or  in 

» extravasations  there  was  found  a  cr\*stalline  pnxluct,  the  so-calle<l 
"hematoidin,"  wliich  was  undoubtedly  derived  from  hemoglobin, 
and  which  u^wn  more  careful  examination  was  i>roved  to  l>e  identical 
with  bilirubin.  This  origin,  which  has  since  been  niaile  pn)l>able  by 
other  reactions,  is  now  universally  accepted.  It  is  su})|M)sed  that 
when  the  blooti-corjjusdes  disintegrate  the  hemoglobin  is  bnjught  to 
tiie  liver,  and  there,  under  the  influence  of  the  liver  cells,  is  converted 
to  an  iron-free  compound,  bilirubin  or  bilivenlin.  It  is  very  signifi- 
cant that  the  Iron  se|)arated  by  thi.H  means  from  the  hemoglobin  is» 
for  the  most  jjart,  retaiae*.!  in  the  liver,  a  small  |x.frtion  only  L>eing 
secreted  in  the  bile.  It  seems  proljablc  that  the  iron  held  back  in  the 
liver  is  again  used  in  some  way  to  make  new  hemoglobin  in  the 
henoatopoietic  oi^ns.  The  bile  pigments  are  carried  in  the  bile  to 
tJie  duodentmi  and  are  mixed  with  the  food  in  its  long  passage  through 
the  intestine.  Under  nomial  cf>nditions  neither  bilirubin  nor  bili- 
verdin occurs  in  the  feces,  but  in  t  heir  place  is  found  a  reduction  prod- 
uct, urobilin  or  stercobilin,  forme<l  in  the  large  intestine.  More- 
over, it  is  believed  that  some  of  the  bile  pigment  is  reabsorl>ed  as  it 
peaees  along  the  int^^tine,  is  carried  to  the  liver  in  the  portal  blood, 
and  is  again  eliininate<t.  That  tills  action  occurs,  or  may  occur,  has 
been  made  probable  by  experiments  of  Wertheimer*  on  dogs.  It 
happens  that  sheep's  bile  contains  a  pigment  (cholohematin)  that 
gives  a  cliaracteristic  spectrum.  If  some  of  this  pigment  is  injected 
into  the  mesenteric  veins  of  a  dog  it  is  eliminate<i  while  passing 
through  the  liver,  and  can  be  recognized  unclianged  in  the  bile. 
*  "  Archives  de  phyaiologie  normale  et  pathologique,"  1892,  p.  577. 
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The  value  of  this  "  eircrulation  of  the  l>ile,"  so  far  aa  the  pigments  are 
concerned,  is  not  apparent. 

Bile  Acids. ^**  Bile  acids''  is  the  name  given  to  two  orpinicarids, 
glycocholit  ami  t/iurochoiic^  which  are  aiwavs  present  in  bile,  and. 
indeed,  fonn  very  ini{K)rtant  constituents  of  that  secretion;  l\m 
occur  in  the  form  of  their  respective  Hodium  salts.  In  human  hile 
both  acids  are  usually  found,  but  the  proportion  of  taunicholate 
is  variiihle,  and  in  some  cases  it  may  l)e  alisent  altogether. 
Among  lierbivora  the  Klycocholate  pnHlominatea,  as  a  rule,  altJiough 
there  are  some  exceptions;  among  The  camivora,  on  the  other  fiand, 
taunieluilate  occurs  usually  in  greater  (]uantities,  and  in  the  do^s 
bile  it  is  present  alone.  Glycocholic  acid  has  the  formula  Q^H^NO^ 
and  laun)cholie  acul  the  fonnida  Cj^H4jNS0,.  Each  of  them  can 
be  ohtiunm!  in  (ho  fonu  of  cn'stals.  When  Iwiled  with  acids  or  alka- 
lies these  acids  take  up  water  and  undei^go  hydrolytic  cleavage,  the 
reaction  being  represented  by  the  following  equations: 

C^HaNO,    +     H,0  =   C^H^O      +     C1L(NU,|COOH. 
Glyoooholio  acid.  Cholio  aad.     GLyoocou  <«inino-«eetio-«ad). 

C»H«N30,  +  H,0  =  C,,H«0,  +  C,H.NH^.OH 

Taarocbolie  acid.  Cholio  acid.       Taurin  (amitu>-«lhyl- 

(fulpbuuic  aad>. 

These  reactions  are  interesting  not  onl^-  in  that  they  throw  light  on 
the  stnicture  of  the  acids,  but  also  because  similar  reactions  doubtless 
take  place  in  the  intestine,  cholic  acid  having  been  detected  in  the 
intestinal  contents.  As  the  formulas  show,  cholic  acid  is  fonned  in 
the  decomposition  of  each  acid,  and  we  may  regard  the  bile  acida  &a 
compounds  pHMiuced  by  the  synthetic  union  of  cholic  acid  with 
glycoeoll  in  the  one  case  and  with  taurin  in  the  other.  Cholic  add 
or  its  compounds,  the  bile  acids,  are  usually  detected  in  sus{)ecl«d 
liquids  by  the  well-known  Pcttenkofer  reaction.  As  usually  per- 
formed, the  test  is  made  by  adding  to  the  liquid  a  few  drops  of  a  10 
per  cent.  sr>lution  of  cane-sugar  and  then  strong  sulphuric  acid.  The 
latter  must  be  added  carefully  and  the  temperature  l>e  kept  l>eJoir 
70**  C.  If  bile  acids  are  present,  the  liquid  assumes  a  red-violei 
color.  It  is  now  known  that  the  reaction  consists  in  the  fonnation 
of  a  substance  (fiu-furol)  by  the  action  of  the  acid  on  sugar,  which 
then  reacts  with  the  bile  acids.  The  bile  acids  are  formed  directly 
in  the  liver  cells.  This  fact,  which  was  for  a  long  time  the  subject  of 
discussion,  has  been  demonstrated  in  recent  years  by  an  important 
series  of  rcsearehes  made  upon  birds.  It  has  been  shown  that  if  Ibe 
bile-duct  is  ligated  in  these  animals,  the  bile  formed  is  rcal)Surl>ed  and 
bile  acids  and  pigments  may  be  detected  in  the  urine  and  the  blood. 
If,  however,  the  liver  is  completely  extirpated,  then  no  trace  of  either 
bile  acids  or  bile  pigments  can  be  found  in  the  blood  or  the 
showing  that  these  substances  are  not  formed  elsewhere  in  the 
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than  in  the  liver.     It  is  mum  (Jilllntlt  tu  luscerUiiii  from  wliat  sub- 
stances they  are  formed.     The  fad  that  glycocoll  anti  taiirin  oontain 
nitiogen,  and  that  the  latter  contains  sulphur,  imlioatefi  that  snme 
protein  or  albuminoid  constituent  is  broken  down  during  tlieir  pn>^^ 
•ductiun.  ^1 

From  the  Mrandpoint  of  nutrition  the  tAurocholAle  is  interesting  ra  giving 
one  of  the  form.s  in  whirh  the  suljtlujrof  protein  nicLterial  i.s  eliminjitctl.  Some 
light  ha.H  iieen  tJiruvvn  uimn  the  origin  of  luiirin  by  the  (Ib^covery  (Krie<iinann*) 
that  it  may  be  formetl  from  cywtin.  Thin  latttT  IxKly,  CbHuNtSjO,.  or  its 
rwluclioQ  ppotiucl  cystein,  is  knnwn  to  occur  an  one  of  the  end-product.s  in  the 
acid  hy<In>Iysis  of  proteins,  and  it  i»  i»r*bsible  that  it  occun*  al^o  in  tht^  tryptie- 
♦■rnpsin  hy4lroIyais  in  thoMntUI  inlestino,  reprrsenting  the  cnd-prothirt  in  which 
the  sulphur  of  t!ie  prolfin  niolfciile  Is  Ifinind.  Cyatin  may  be  oxidized  to 
cj'stteinic  acid  a'OOtkyi,.\iI-SO,Oil)  and  from  this  tuurin  (r,H^\H,SO,OH) 
may  be  obtaineii.  It  is  jifobuble,  thtTL'fore.  thai  the  tuurin  is  formed  nor- 
from  cystin  in  the  Uidy  and  ihat  ihf  latter  represents  one  of  the  split 
nets  of  prott'in.t  Stunt'  nf  the  Hiilpliurof  the  cyfitin  ap|)ear8  alno  in  tire 
in  oxidizpii  form  lU  sidphnic.  rndor  rertain  |>Athologioal  rondiliona 
iltMslf  appears  in  the  urine,  giving  the  phenomenon  of  cyntinuha. 


A  circumst-ance  oi  oonsideraMe  i)livsiological  sipnifininre  is  that 
acids  or  their  det'omptwition  jjnRlufLs  are  absorbed  in  part  fnmi 
the  intestine  and  are  again  set-retet!  by  the  liver;  as  in  the  case  of  the 
pignieiits,  there  is  an  intestinal-heimtic  circulation.  The  value  of  this 
reabsorption  may  lie  in  the  fact  that  the  bile  acids  constitute  a  very 

I -efficient  stimulus  to  the  hile-sc^reting  activity  of  the  cells,  being  one 
of  the  best  of  cholagogues,  or  it  may  l>e  that  it  economizes  material. 
From  what  we  know  of  the  liistoiy  of  the  bile  acids  it  is  evident  tliat 
they  are  not  to  1^  considered  solely  as  excreta:  they  Imve  some 
important  function  to  fulfill.  The  following  suggestions  as  to  their 
value  have  l>een  niade:  In  the  first  place,  they  serve  as  a  menstnmm 
for  diiisolving  the  cholesterin  which  is  constantly  present  in  the  bile 
■  and  which  is  an  excretion  to  be  removed:  secondly,  they  facititat6^^| 
greatly  the  splitting  and  the  absorption  of  fat-s  in  the  intestine.  It^^ 
IS  an  undoubted  fact  that  when  bile  is  shut  off  from  the  intestine  the 
al>sorption  of  fats  Ls  very  much  diminished,  and  it  has  l>oen  shown 

•  that  this  action  of  the  bile  in  fat  absorption  is  due  to  the  presence 
of  the  bile  acida,  and  in  the  same  way  the  known  augmenting 
influpnr*p  of  bile  upon  the  activity  of  pancreatic  lipase  has  been 
inuietl  to  the  Idle  acids. 

ICholesterin. — Cholesterin  is  a  non-nitrogenous  siil>stance  of  the 
fomnda  Cj^H^.O.  It  is  a  constant  constituent  of  the  bile,  although 
it  occurs  in  variable  (|uanlities.  Cholesterin  is  ver>'  widely  distrib- 
uted in  the  Ixnly,  lx?ing  found  es|jecially  in  the  white  matter  (nietiul- 
lar>'  suljstance)  of  nerve  filx*rs.  It  seems,  moreover,  to  be  a  constant 
constituent  of  all  animal  and  plant  cells.  It  is  assumed  that  choles- 
terin is  not  formetl  in  the  liver,  but  that  it  is  eliminated  by  the  liver 
cells  from  the  bIo<Hl.  whicli  collects  it  froni  the  various  tissues  of  the 


•  Fried  maim, 
t  Sm  Simon, 


HofmeiHter's  rteitriige."  3,  I,  1902. 
Johns  ilopkin:^  Uospilal  BuUetiu/'  15,365, 1904. 
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body.  Arcor(Jin]u;  to  Naunvn.  however,  the  choloslerin  is  not  seoretett 
by  the  liver  relLs  prf»per.  hut  is  at!clc<i  to  the  secretion  while  in  the  bile 
passages— the  giUl-ducts  and  goll-bladder.  Tliat  it  is  an  excretion 
is  indicat<?d  by  the  fact  that  it  is  eliminated  \inchanp;ed  in  the  feres. 
Cholcstcrin  is  insoluble  in  water  or  in  dilute  saline  liquids,  and  is  helil 
in  solution  in  the  bile  by  rnwins  nf  the  bile  acids.  We  must  regani 
it  as  a  waste  product  of  cell  life,  fonned  probably  in  minute  quantities^ 
and  excretetl  mainly  through  the  liver.  It  is  partly  eliminated 
through  the  skin,  in  the  sebaceous  and  sweat  secretions,  and  in  the 
milk. 

Lecithin,  Fats,  and  Nucleo-albumin. — T/^cithin,  C„Hy„\P(>, 
is  a  com}x>umi  of  glyc(?rt)phosplic>ric  acid  with  fatty  acid  njtlicals 
(steaiic,  oleic,  or  pahnitic)  and  a  nitrogenous  base,  cholin.  When 
hydrolyzed  by  boiling  with  alkali  it  splits  up  into  these  three  suh>- 
stances.  It  is  foimd  generally  as  such,  or  in  combination,  in  all  cclls^ 
and  e\ndenth-  plays  some  as  yet  unknown  part  in  cell  metalx}li8m. 
It  occurs  in  largest  (juantity  in  the  white  matter  of  the  ner\'oiis 
system.  In  the  liver  it  occurs  to  a  considenible  extent  both  as  lecithin 
and  in  a  ni(»re  complex  combinaticm  with  a  cari)ohydrate  residue,  a 
comiHJUUil  ilesiguated  as  jecoriu.  So  far  as  it  is  found  in  the  bile  it 
represents  possibly  a  waste  pRnluct  derived  from  the  liver  or  from 
the  botly  at  large.  Little  is  known  of  its  precise  physiological  sig- 
nificance. 

The  s|jecial  importance,  if  any,  of  the  small  proiwrtion  of  fats 
and  fatty  acids  in  the  bile  is  unknown.  The  nipy,  mucilaginous 
character  of  liile  is  (iue  to  the  presence  of  a  body  fonneil  in  the  bile- 
(hicts  and  gall-bladder.  This  substance  ^^■as  fonuerly  designate*  I 
as  mucin,  liut  it  is  now  known  tliat  in  ox  bile  at  least  it  is  not  a  true 
mucin,  but  a  iiucleff-annnnin  (see  appendix).  Hammareten  rei)«irls 
that  in  human  bile  some  true  niuciii  is  ffiund.  Out^de  the  fact  that 
it  makes  the  bile  viscous,  this  constituent  is  nut  known  to  possess  any 
especial  physiological  significance. 

The  Secretion  of  the  Bile. — Numerous  experiments  have  been 
made  to  ascertiiin  whether  o/  not  the  secretion  of  bile  is  controlleil 
by  a  special  set  of  secretor>'  filx^rs.  The  secretion  itself  is  contiimous, 
but  varies  in  amount  imder  different  conditions.  These  couditidns 
may  be  controlled  experimentally  in  part.  It  has  been  shown,  for 
exiimple.  that  stimulation  of  the  spinal  cord  or  splanchnic  aen'e 
diminishes  the  flow  of  bile,  while  section  of  the  splanchnic  branches 
may  cause  an  increased  flow.  These  and  similar  actions  are  ex- 
plained, however,  by  their  efTect  on  the  blood-flow  through  the  Hver. 
The  splanclmics  earn*  vasomotor  nen'es  to  the  liver,  and  section  or 
stimulation  of  these  ner\'es  will  therefore  alter  the  circulation  in  the 
organ.  .Since  the  secretion  increases  when  the  blood-flow  is  increased 
and  lice  versa,  it  is  believed  that  in  this  case  no  special  secreton' 
nerve  fibers  exist.    The  metabolic  processes  in  the  liver  cells  which 
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produce  the  secretion  probably  go  on  at  all  times,  hut  they  are 
increased  when  the  l>lt>*j<l-flo\v  is  increased.  We  nmy  l>elieve,  there- 
fore, that  the  quantity  of  the  bile  secretion  varies  with  the  quantity 
and  composition  of  the  bK>od  flowing  through  the  liver.  On  the 
physiological  and  pharmacological  side  efforts  liave  l>een  mode  to 
discover  what  substances  stijiuilate  esjjeciaily  the  formation  of  bile. 
Such  8ul>stance8  are  designateti  as  cholagogues.  The  tlierapeutical 
agents  capable  of  gi^'ing  this  action  are  still  a  subject  of  controversy. 
On  the  physiological  side  the  following  facts  are  accepted :  Any  agent 
that  causes  an  hemolysis  of  red  corpuscles  increases  the  flow  of  bile, 
or  the  same  effet^t  is  protluce<l  if  a  solution  of  henioglolnn  is  injected 
dire<;tly  into  the  blood.  This  result  is  in  hannon>'  with  the  views 
already  stated  regarding  the  significance  of  the  bile  pigments  as  an 
excreton*  product  of  hemoglobin.  The  cholagogue  whose  action  is 
most  distinct  and  prolonge<l  is  bile  itself.  When  fed  or  injectetl 
directly  into  the  circulation  bile  causes  an  undoubted  increase  in  the 
secretion.  This  effect  is  due  lx)th  to  the  bile  acids  and  bile  pigments. 
Since  the  bile  acids  have  a  hemolytic  effect  on  red  corpuscles,  it 
miglit  at  first  l)e  assumed  tliat  their  action  as  cholagogues  is  due 
indirectly  to  this  circumstance.  The  action  of  the  bile  acids  is, 
however,  much  more  pronounced  than  that  of  other  hemolytic  agents, 
and  it  seems  certain,  therefore,  that  they  exert  a  specific  effect  on  the 
liver  cells.  I-astly,  there  Is  evidence  that  the  secretin,  whose  action 
upon  the  pancreatic  secretion  has  lieen  described,  exerts  a  similar 
effect  up<->n  the  secretion  of  bile.  Statements  differ  somewhat  in 
regard  to  the  extent  of  this  action,  but  it  seems  to  be  certain  that, 
when  acids(0.5  per  cent.  HCl)  are  injected  into  the  duodenum  or  upper 
part  of  the  jejunum,  the  secretion  of  bile  is  increased;  and,  since 
this  effect  takes  place  when  the  nenous  connections  are  severe<l,  the 
effect,  as  in  the  case  of  the  i>ancreatic  secretion,  is  explained  by  as- 
suming that  the  acid  converts  prosecretin  to  secretin,  and  this 
latter  after  absorption  into  the  blood  acts  upon  the  liver  cells.* 
A  similar  effect  may  be  obtained  by  injecting  secretin  directly  into 
the  blood.  Since  during  a  meal  the  stomach  normally  ejects  acid 
chyme  into  the  duodenum,  the  imjxirtance  of  this  .secretin  reaction 
in  adapting  the  scf-retion  of  bile  to  the  period  of  digestion  is  e^ndenl. 
The  Ejection  of  Bile  into  the  Duodentim— Function  of  the 
Gall-bladder. — Although  the  bile  is  fonned  more  or  leas  continu- 
ously, it  enters  the  duodenum  ])eri(Klically  during  the  time  of  digestion. 
The  secretion  during  the  inter\'ening  peri<xls  is  |)revented  from  enter- 
ing the  duodenum  apf>arently  by  the  fact  that  the  opening  of  the 
common  bile-duct  is  closed  by  a  sphincter.  The  secretion,  therefore, 
backs  up  into  the  gall-bladder.    According  to  Bruns.f  no  bile  appears 

•See  Falloise,  quoted  in  MaJy'rt  *' Jahres-bcricht  tier  Thier-chemie,"  33, 
611, 19(H.  t  "Archives  dee  sciencee  biologiqued."  7,87,  1890. 
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^H          in  the  duodenum  as  long  as  the  stomach  ia  empty.     When,  however]          1 
^H          a  meal  is  tjiken  the  ejection  of  the  chyme  int<3  the  duotlenum  is  fol-           1 
^H          lowed  by  an  ejection  of  bile.*     It  would  seem,  therefore,  that  each          J 
^H          gush  of  chyme  into  the  dtiwlcnum  excites,  probably  by  reflex  action,  a     ^H 
^H          contraction  of  the  gulUbkdJcr.    The  substances  in  the  chyme  that     ^H 
^H           are  re.sfxmsible  for  the  stimulation  have  been  investigated  In-  BruDS.      ^H 
^H          He  finds  that  acids,  alkalies,  and  starches  are  ineffective,  and  con-     ^V 
^H           dudes  that  the  reflex  is  due  to  the  proteins  and  fats  or  some  of  the           | 
^B           products  of  their  digestion.    The  gn]l-l>ludder  has  a  muscular  coat           1 

y» 

JO' 

Jff 

JO" 

uW 

se 

M 

^ti 

^- 

M 

SO' 

M 

,c- 

J#' 

Jtf' 

M' 

1 
1 

,■■ 

s. 

^ 

■■' 

■"^^ 

/ 

'\, 

/ 

""' 

■' 

--. 

~f 

s 

i 

■— --, 

■--, 

1 

.— . 

■*.. 

,^- 

-.,. 

1 

'~~  — 

: 

V 

\ 

V 

/ 

\ 

/ 

'•>_ 

j 

/ 

\ 

\ 

■ 

/ 

\ 

-/ 

'' 

''' 

^• 

'' 

■--.. 

^^^^^^     Fi».  2 

^m          (1) «  dwt  D 

^^m               lowest  our^ 
^H                figures  oa  t 

^H           of  plain 
^K           force  exe 

^H           traction 
^H           pressure 
^H           which  is 
^H           mined  bi 
^"            ducts  ha 

♦See 

chemio, " 

t"Jo 

t  Do> 

'3.— 'Curves  showintr  tba  valoaity  of  Becretimi  at  \n\tt  inln  th«  <iu 
t  mitk,  upi>ermo.it  curve;   (2)  a  diet  of  meat,  mUMIe  curve:   (3)  n  di 
fc.     The  diviaiong  on  the  Bbsoiaaik  repnscot  inlcrvals  of  thirty  m 
he  ordinates  repreneot  the  volume  of  wcretion  in  cubic  c*atuuet«n 

muscle,  and  records  made  of  its  contractions  show 
rted  is  quite  small.    According  to  Freese.f  the  maxi 
does  not  exceed  that  necessary  to  overcome  the  hy< 
of  a  column  of  water  220  nuns,  in  height. — a  force,  t 
alx>ut  equivalent  to  the  secretion  pressure  of  Ijile  ; 
i  Heidenhain.    The  innervation  of  the  gall-bladder 
s  been  studied  especially  by  l>)yon,J    It  would  sei 

also   Klmtiitski,  quoted  from   \falv*8  "  Jahres-bericht  d 

33,  617,   1904. 

ins  Hopkins  Hospitiil  Bulletin,**  June,  1905. 

on,  "Archives  de  phys^iolojiie,"  1894,  p.  19. 
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the  px|^»eriments  made  by  this  author  together  with  later  experiments 
rciM>rtc<l  hy  others,*  that  the  bladder  receives  both  motor  jind  in- 
hibiton.'  hbers  by  way  of  llie  sphiiuhiiic  nerve-s.  Theae  fibers  emerge 
J'nim  the  spinal  cord  in  the  root^  of  the  i^ixth  thoracic  to  the  first 
lumbar  Hpinal  nerve,  and  pass  to  the  celmc  plexuB  by  way  of  the 
splanchnic  nerves.  Motor  filnji-H  may  o<'cur  also  in  the  vagi.  Sensor\' 
fibers  capable  of  causing  a  reHex  const liction  or  dilatation  of  the 
bladder  are  found  in  both  the  vagus  and  splanchnic  nerves.  Stim- 
ulation of  the  central  end  of  the  cut  splanchnic  causes  a  dilatation 
of  the  bladder  (reflex  stimulation  of  the  inhibitory  fibers),  while 
stimulation  of  the  central  end  of  the  vap;us  cau.ses  a  contraction 
of  the  bladder  and  a  tlilatation  (inhibition)  of  (he  sphincter  muscle 
at  the  opening  of  the  common  duct  into  the  intestine.  Hince  these 
bfit  movements  are  the  ones  that  occur  during  noimal  digestion, 
it  is  probal)le  that  the  afferent  fibers  from  the  duodenum,  which 
are  concerned!  in  this  reHex.  r»ii)  in  (he  vagu.s. 

Effect  of  Complete  Occlusion  of  the  Bile-duct.— When  the 
flow  of  bile  is  prevented  by  ligation  of  the  bile-duct,  or  when  this 
duct  is  occluded  by  pathological  changes  the  bile  eventually  gets 
into  the  blooti,  protlucing  a  condition  of  jaundice  (ictenis).  There 
has  \ieen  much  discu&sion  as  to  whether  the  bile  i.s  abt-orbed  directly 
into  the  blooil  from  the  liver  cells  or  the  liver  lymph-spaces,  or 
whether  it  is  carried  to  the  bkHxi  by  way  of  the  lym()h-vi'ssels  and 
thoracic  duct.f  Experimental  evidence  points  to  both  possibili- 
ties. The  increased  pressure  in  the  bile  system  leiuis  potssibly  to  a 
rupture  of  the  delicate  bile  capillaries,  and  the  bile  thus  escapes 
into  the  lymph-spaces.  From  these  spaces  it  may  be  altsorbed 
directly  hy  the  blood-vessels  of  the  liver,  or  it  muy  be  carried  off 
in  the  Kinph-slream  toward  the  tlioracic  duct. 

Genera]  Physiological  Importance  of  Bile.— The  physiological 
value  of  bile  has  l)een  referred  to  in  six*aking  of  its  several  constitu- 
ents. Bile  is  of  importance  as  an  excretion  in  tFuit  it  removes  from 
the  body  waste  products  of  metalxilism,  such  iis  cholesterin,  lecithin, 
and  bile  pigments.  With  reference  Ui  the  pigments,  there  is  evidence 
to  show  that  a  part  at  least  may  be  real>s(jrl>ed  while  jMLssing  thniugh 
the  intestine,  and  be  used  again  in  some  way  in  the  body.  The  bile 
acids  represent  end-products  of  metalx)lism  involving  the  proteins 
of  the  liver  cells,  but  they  are  undoubte<lly  reAbsorlie*!  in  psirt,  and 
can  not  l)C  r^;anled  merely  as  excreta.  As  a  digestive  secretion,  the 
most  important  ftmction  attributed  to  the  bile  is  the  part  it  takes  in 
the  digestion  an<l  absor{>tion  of  fats.  It  accelerates  greatly  the  action 
of  the  lipaj«  of  pancreatic  juice  in  splitting  the  fats  to  fatty  acids  and 
givrerin,  and  it  aids  materinlly  in  the  absorption  of  the  products 

♦  Iiainl»ridcp  and  Dale.  " Juumal  of  Physiology.  "  MH)5,  xxxiii.,  I3h. 
f  See  MontM  luid  rndrrliill  for  lilcfBtiire.  "  American  Joiirmil  i^  Vhy- 
iology,"  1906,  xiv.,  252. 
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of  this  hydrolysis.  A  number  of  ofisen'ers  have  shown  that  when  a 
permanent  biliar>-  fistula  is  made,  anil  the  bile  is  thus  prevented  from 
reaching  the  intestinal  canal,  a  large  proportion  of  the  fat  of  the  food 
escapes  absorption  and  is  foimd  in  the  feces.  This  action  of  the 
bile  may  be  referred  directly  to  the  fact  that  the  liile  aciils  serve  as  a 
solvent  for  the  fats  and  fatty  acids.  It  was  fonnerly  believeti  that 
bile  is  also  of  great  importance  in  restraining  the  processes  of  putre- 
faction in  the  intestine.  It  was  asserted  that  bile  is  an  efficient 
antiseptic,  and  that  this  i>roperty  comes  into  use  normally  in  prevent- 
ing excessive  putrefaction.  Bacteriological  experiments  made  by  a 
number  of  ol^servers  have  shown,  however,  that  bile  itself  luis  ver>- 
feeble  antiseptic  properties,  as  is  indicated  by  the  fact  that  it  putrefies 
readily.  The  free  bile  acids  and  cholalic  acid  do  have  a  direct  retard- 
ing effect  upon  putrefactions  outside  the  body;  but  this  action  is  not 
ver\'  pronounced,  and  has  not  been  demonstrated  satisfactorily  for 
bile  itself.  It  seems  to  l>e  generally  tnie  that  in  cases  of  biliar>"  fistula 
the  feces  have  a  very  fetid  odor  when  meat  and  fat  are  taken  in  the 
food.  But  the  increiised  putrefaction  in  these  caaes  may  possibly  l>e 
an  indirect  result  of  the  withdrawal  of  bile.  It  has  been  suggested, 
for  instance,  that  the  deficient  absorption  of  fat  that  follows  upon  the 
removal  of  the  bile  rcstilt-s  in  the  pmtein  anil  carbohydrate  material 
becoming  coated  with  an  insoluble  layer  of  fat,  so  that  the  jjenetratioa 
of  the  digestive  enzymes  is  retarded  and  greater  opportunity  is  given 
for  the  action  of  luicteria.  We  may  conclude,  therefore,  that,  while 
there  <locs  not  seem  to  l>e  suHicicnt  warrant  at  present  for  believing 
that  the  bile  exerts  a  direct  antiseptic  action  upon  the  intestinal 
<!ontents,  nevertheless  its  presence  limits  in  some  way  the  extent  of 
putrefaction. 

Glycogen.  -(Jnc  of  the  most  imj)ortjmt  functions  of  the  liver  ia 
the  formation  of  glycogen.  This  substance  was  found  in  the  liver  in 
1857  by  Cltiucte  iieniard.  and  is  one  of  several  brilliant  discoveries 
made  by  him,  Glycogen  has  the  formula  (C5H,QOj)n,  which  is  also 
the  general  formida  given  to  vegetable  starch ;  glycogen  is  therefore 
frequently  spoken  of  a.*^  'animal  ntarch."  It  gives,  however,  a  |xirt- 
winc-nxl  c(»h)r  with  iodiii  si»liiti(His,  instead  of  the  familiar  deep  blue 
of  vcgeta[jle  starch,  and  thia  reaction  ser\'es  U}  detect  glycogen  not 
only  in  its  solutions,  but  also  in  the  liver  cells.  Glycogen  is  readily 
soluble  in  water,  and  the  solutions  have  a  characteristic  opalescent 
apf)earance.  Like  stanrh,  glycogen  is  acted  upon  by  ptyalin  and 
other  diastatic  enz\ines,  and  the  end-products  are  apparently  the 
same — namely,  maltose,  or  maltose  and  some  dextrin,  or  else  dex- 
trose, depending  upon  the  eiuiyme  U8e<i.  Under  the  influence  of 
acids  it  may  be  hydrolyzed  at  once  to  dcAtrose.* 

*  The  extensive  Uleniture  of  glycofren  is  collectei'.  aii.i  reviewed  hv  Cre- 
nicr  in  the  ''  Ergeb11i3.se  der  Physiolope, "  vol.  i,  fwrt  i,  1902;  and  by  Pfluger, 
•' Archiv  f.  die  gesaiiimte  Physjobgie,"  90,  1,  19<)3. 
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Occurrence  of  Glycogen  in  the  Liver. — Cilycogen  can  l)e 
detected  in  the  liver  cells  inioroscopioally.  If  the  liver  of  a  dog  is 
removed  twelve  or  fourttx^n  htmrs  after  a  heurty  jneid,  hurJened  in 
alcoliol,  and  s^-etioned,  the  liver  cells  are  found  to  contain  fhiin|>s 
of  clear  material  which  give  the  iodin  reaction  for  glycogen.  Even 
when  distinct  aggregations  of  the  glycogen  can  not  Ix?  made  out.  its 
presence  in  the  cells  is  Hhow^^  by  the  red  reaction  witli  iodin.  By 
this  simple  method  one  can  denionstmte  tlie  imixirtant  fact  that  the 
amount  of  glycogen  in  the  liver  incnvises  after  meals  and  decreases 
again  during  the  fasting  hours,  and  if  the  fast  is  sufficiently  prolonged 
it  may  disappear  altogether.  This  fact  is,  however,  shown  more 
satisfactorily  by  ciuantltative  deteniiinations,  by  chemical  means, 
of  the  total  glycogen  present.  The  amoimt  of  glycogen  in  the 
liver  is  quite  variable,  l>eing  influenced  by  such  conditions  as  the 
character  ami  amount  of  the  food,  muscular  exercise,  body  tem- 
perature, dnigs,  etc.  From  determinations  made  upon  various 
animals  it  may  be  8ai<l  that  the  average  amount  lies  between  1.5  and 
4  per  cent,  of  the  weiglit  of  the  liver.  Hut  this  amount  may  he  in- 
creased greatly  by  fee<ling  upon  a  tliet  !ai^l>*  made  up  of  carbohy- 
drates. It  is  said  tliat  iu  the  dog  the  total  amount  of  liver  glycogen 
may  be  raise^l  to  17  per  cent.,  and  in  the  rabbit  to  27  per  cent.,  by 
this  means,  wliile  it  is  estimateil  for  man  (.Veumeister)  that  the  tjuan- 
lity  may  l>e  increasetl  to  at  least  10  i:)er  cent.  It  is  usually  believed 
that  glycogen  exists  as  such  in  the  liver  celLs,  being  deposited  in  the 
substance  of  the  cytoplasm.  Reasons  have  }jeen  brought  forward 
to  show  that  this  is  not  strictly  true,  and  that  the  glycogen  is  prol> 
ably  held  in  some  sort  of  weak  chcnucal  combination.  It  has  l_»een 
sho\^ii,  for  instance,  tluit  although  glycogen  is  easily  soluble  in  cold 
water,  it  can  not  be  extracted  readily  from  t  he  liver  cells  by  this  agent. 
One  must  use  hot  water,  salts  of  the  heavy  metals,  and  other  similar 
agents  that  niay  be  supposed  to  break  up  the  combination  in  which 
the  glycogen  exists.  For  pmctiral  purposes,  however,  we  may  s]>eak 
of  the  glycogen  as  lying  free  in  the  liver-<ells.  just  as  we  speak  of 
hemoglobin  existiiig  as  such  in  the  red  corpuscles,  although  it  is 
probably  held  in  some  .sort  of  combination. 

Origin  of  Glycogen. — ^To  understand  clearly  the  views  held  as 
to  the  origin  of  liver  glycogen,  it  is  necessan*'  to  describe  briefly  the 
effect  of  the  different  foodstuffs  upon  its  formation. 

Effect  of  Carbohydrates  on  Hie  Amouid  of  Glycogen. — ^The  amount 
of  glycogen  in  the  liver  is  afTe<*ted  ver>'  quickly  by  tlie  quantity  of  cai^ 
Iwhydrates  in  the  food.  If  the  carlxjhydrates  are  given  in  excess,  the 
supply  of  glycogen  may  l^e  increased  largely  beyond  the  average 
amount  present  ,as  has  Wn  stated  alx)ve.  Investigation  of  the  differ- 
ent sugars  has  shown  that  dextrose,  levulose,  sacdiarose  (cane-sugar), 
and  maltose  are  unquestionably  direct  glycogen-foniiers, — ^that  is, 
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glycogen  is  formed  directly  from  ihem  or  from  the  products 
which  they  are  conveited  during  digestion.  The  i)uik  of  our  car- 
Iwhydnile  food  readies  the  liver  as  dextrose,  or  as  dextroese  ami  levu- 
lose,  and  the-ne  forms  of  suj^ar  may  be  converted  into  glycogen  in  tl» 
liver  cells  by  a  jjimple  process  of  dehydration,  such  as  may  l>e  repr^ 
Bented  in  substance  by  the  formula  CgHj^O^ —  HjO  —  C^Hi^Oj. 
There  is  no  doulit  that  both  dextrose  and  levulose  increase  nmrkedlv 
the  amount  of  glycogen  in  the  liver;  and,  since  cane-«ugar  is  inverted 
in  the  intostine  before  absfirjition,  it  also  must  be  a  true  glycogcn- 
former,— a  fact  that  has  Vxren  abundantly  demonstrate  by  dirert 
experiment.  Lusk*  Iwis  shown,  however,  that,  if  eane-eu^r  is  in- 
jected iiniler  (he  skin,  it  has  a  very  feeble  effect  in  the  way  of  increas- 
ing the  anuiunt  of  glycogen  in  the  liver,  since  imder  these  conditions 
it  is  pnibably  ahsorhed  into  the  bl(K)d  without  undergoing  invejsdnu. 
Experiments  with  subcutaneous  injection  of  lactose  gax*e  similir 
results,  and  it  is  generally  believed  that  the  liver  cells  can  not  convert 
the  double  sugars  to  glycogen,  at  least  not  readily;  henee  the  ^•ahM» 
of  tluv  hydrolysis  of  these  sugars  in  the  aliment«r\'  canal  Mor^ 
abst}rption.  We  may  assume,  therefore,  that  dextrose.  le\'ulose,  arid 
galactose  are  the  tnie  glycogen-formers  that  occur  normally  in  the 
blood,  and  that  the  disaccharids  (cane-sugar,  milk-eugar,  etc.)  and 
the  polysaccharids  (starches)  are  true  glycogen-formers  to  the  ex- 
tent that  they  are  converted  into  dextrose,  levulose,  or  galactose. 

Efjt'ct  of  Protein  on  Objcoijvn  Formation, — In  his  first  studies 
upon  glycogen  Bernard  asserted  that  il  may  be  formed  from  protein 
material.  Sint«  that  lime  there  have  l>een  much  discu^vsion  and 
exjierimentation  ujxm  this  point.  The  usual  view  is  thai  pn>teio 
must  1)6  countiMl  among  the  true  glycogen-fonnei:s  in  the  sense  that 
some  of  the  material  of  the  pi-otcin  molwulc  is  directly  converte<l  to 
glycogen.  The  protein  in  digestion  underg{>es,  it  will  lie  remem- 
bered, a  splitthig  process,  the  limitsof  which  are  not  definitely  ^(t led. 
It  is  assunied,  however,  that  the  nitrogenous  split  products  ii 
acte<i  upon  in  the  liver,  the  nitmgen  being  converteil  first  lo 
ammonia  compound  and  then  to  urea,  while  the  non-nitrogcno 
residue  is  converted  to  sugar  by  a  synthetic  process,  .\mong^ 
the  split  products  of  protein  that  have  l>een  especially  investigated 
in  this  i-elation  the  re-^ults  with  leucin  and  glucosamin  have  \iten 
chiefly  negative.!  Kxperimentally  observers  find  for  the  warm 
blooded  animals,  at  least,  that  feeding  with  proteins,  even  in  thi 
case  of  those  proteins,  such  as  casein,  that  contain  no  carbohydrate 
grouping,  causes  an  increased  f>roduction  of  glycogen. J  The  con- 
clusion to  be  drawTi  from  these  experiments  is  str«ngthene<i  by 
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clinical  experience  upon  human  beings  suffering  from  diabetes. 
In  severe  forms  of  this  tlisease  the  carlwhydrate  material  of  the 
food  escapes  oxidation  in  the  Inxly  and  Ls  secreted  unchimged  in 
the  urine.  If  under  these  conditions  the  imiivi<lual  is  given  an 
exclusively  protein  diet  sugar  still  continues  to  appear  in  the  urine, 
nnd  it  would  seem  that  this  sugar  can  only  arise  fmm  the  protein 
food.  In  the  similar  condition  of  severe  glycosuria  that  may  be 
protiure<l  by  the  use  of  phk»rid7.in  it  has  }>een  shmvn  that  the  animal 
continues  to  excrete  sn^av  even  when  fed  on  protein  alone  or  when 
starved.  I'nder  such  conditions  the  amount  of  dextrose  in  the 
urine  bears  a  definite  ratio  to  the  amount  of  niti-ogen  excreted 
D  :  N  :  :3.65  : 1  (Lusk),  which  would  indicate  that  both  arise  from 
the  breaking  down  of  the  protein  molecule.  On  this  supposition 
58.4  per  cent,  of  the  protein  may  be  converted  to  sugar.  So  also 
the  fact  that  during  prolonged  starvation,  lasting  for  forty  or  even 
ninety  days,  the  blooil  retains  a  practimlly  constant  composition 
in  sugar  indicates  that  this  material  is  V)ein^  fonneil  from  either 
the  protein  or  fat  supply  of  the  IxhIv.  Other  consitlerations  tend 
to  exclude  the  fat.  and  we  are,  therefore,  led  to  the  belief  that  the 
protein  can  give  rise  to  sugar  in  the  body.  If  this  change  '\^  part 
of  the  normal  metalxdism  of  the  Iwnly  it  would  make  jinjtein  a  gly- 
coeeu- former,  since  the  sutiar  formecl  from  the  protein  rnay,  of  roui'se. 
be  converted  to  glycogen.  Whether  or  not  all  [>mtein.s  yiehl  gly- 
cogen or  sugar  in  the  body  is  not  entirely  determined.  Some 
authors  have  thoui^ht  that  only  those  prtiteina  that  contain  a 
carlwhydrate  residue  have  this  property:  but.  as  statcii  above, 
casein  and  other  proteins  that  do  not  posse>«  thi-^  grouping  seem 
also  to  inci^ea-se  the  glycogen  supply  when  fed  alone. 

Efft'd  of  Fats  upmi  Glycogen  Formation. — A  Iai¥;e  nimiber  of 
stdnstanoes  have  been  foimd  by  some  obsen^ers  to  increase  tlie  store 
of  glycogen  in  the  liver.  In  some  of  these  cases  at  least  it  is  evident 
that  the  8ul)slance  is  not  a  direct  glycogen-former  in  the  sense  that 
the  material  is  itself  converted  to  glycogen.  It  may  increase  the 
supply  of  liver  glycogen  in  some  indirect  way^ — for  example,  by 
diminishing  the  consumptiini  of  glycogen  in  the  botly.  The  most 
important  substance  in  this  connection  from  a  practical  standpoint 
is  fat.  Whether  or  not  the  iHxly  can  convert  fats  into  sugar  or 
glycogen  is  a  question  about  which  at  present  there  is  much 
<iifference  of  opinion,  and  much  evidence  might  l)e  citeil  on  each  side. 
Cremer.  however,  has  furnished  apparent  proof  that  glycerin  acts 
as  a  direct  glycogen  or  sugar-fonner.  When  fed,  es|>ecially  in  the 
diabetic  condition,  it  causes  an  increase  in  the  sugar  which  can  not 
be  explained  as  a  residt  of  protein  metabolism.  Since  in  the  body 
neutral  fats  are  normally  split  into  glycerin  and  fatty  acid,  the  fact 
^   that  glycerin  can  be  ccmverted  to  sugar  seems  to  cany  with  it  the 
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admi&sion  that  fats  may  contribute  directly  to  sugar  protlaclioa. 
Whether  the  synthesis  of  sugar  (or  glycogen)  from  glycerin  is, 
so  to  speak,  a  normal  pro<'es5  or  occurs  only  under  especial  ttirwli- 
tions.  can  not  be  decider!  at  pre.sent. 

The  Function  of  Glycogen— Glycogenic  Theory. — ^The  mean- 
ing of  the  formation  of  glycogen  in  the  liver  has  b€«n,  and  still », 
tlie  subject  of  discussion.    The  view  advanced  first  by  Bernard  is 
perhaps  most  generally  accepted.    According  to  Bernard,  glycogen 
forms  a  temporar>*  reserve  supply  of  carbohydrate  material  timi  w 
laid  up  in  the  liver  during  digestion  and  is  gnulually  made  use  of  in 
the  intervals  between  meals.     Ihiring  digestion  the  carbohydrate 
food  is  absorbed  into  the  blood  of  the  i>ortal  system  as  dextrose  eras 
dextrose,  levulose,  and  galact^ise.     If  these  sugars  passed  tlirough 
the  liver  imchanged,  the  contents  of  the  systemic  bl<Kxl  in  siigir 
would  be  increased  perceptibly.     It  is  now  known  that  when  tbc 
percentage  of  sugar  in  the  bl(X>d  rises  above  a  certain  normal  limit 
(condition  of  hyperglycejnia),  the  excess  is  excrete<i  tlirough  the 
kidney  and  is  lost.     But  as  the  blood  from  the  tUgcstive  otgAns 
passes  through  the  liver  the  excess  of  sugar  is  abstracted  by  the 
liver  cclU,  is  dehydrated  to  inakc  glycogen,  and  is  retained  in 
the  cells  in  this  form  for  a  short   period.     From   time   to  tiflW 
the  glycogen  is  reconvcrtetl  into  sugar  (dextrose)  and  is  given  off  to 
the  l>lood.     By  tlii.s  means  the  jjercentage  of  sugar  in  the  systemic 
blood  is  kept  nearly  constant  (0.1  to  0.2  per  cent.)  and  witliin  limiti 
best  adapted  to  the  use  of  the  tissues.    The  great  importance  of  the 
formation  of  glycogen  and  the  consequent  consen'ation  of  the  suj 
supply  of  the  tissues  is  evident  when  we  consiiler  the  nutritive  value 
of  carbohydrate  food.    Carbohydrates  form  the  bulk  of  our  usual 
diet,  and  the  pro]jer  regulation  of  the  supply  to  the  tissues  is,  there*] 
fore,  of  vital  importance  in  the  maintenance  of  a  normal,  heallhyj 
condition.    The  second  part  of  tliis  theon',  which  holds  that  tli*l 
glycogen  is  reconverted  to  dextrose,  is  supportetl  l)y  obscrvatioi 
upon  livers  removed  from  the  body.     It  has  been  found  that  shorlh 
after  the  removal  of  the  liver  the  supply  of  glycogen  begins  to 
appear  and  a  corresponding  increase  in  dextrose  occurs.     Within 
comparatively  short  tune  all  the  glycogen  is  gone  and  only  dextrose^ 
is  found.    It  is  for  this  reason  that  in  the  estimation  of  glycogen  in  tl 
Uver  it  is  necessary  to  mince  the  oi^an  and  to  throw  it  into  l)oilij 
water  as  quickly  as  possible,  since  by  this  means  the  Uver  cells  ami 
killed  and  the  conversion  of  the  glycogen  is  stopped.     How  the  gly- 
cogen is  changed  to  dextrose  by  the  liver  is  a  matter  not  fully  ex- 
plained.   According  to  most  authors,  the  conversion  is  tine  to  an 
enzyme  produced  in  the  liver.     Extracts  of  liver,  as  of  some  other 
tissues,  yield  a  diastatic  enzyme  tliat  changes  glycogen  to  dextrose.* 
•.l>bb.  "Journal  of  Pliysiology. "  22.  423.  1897-08. 


Tt  is  probable,  therefoi-c.  that  the  normal  rnnvct'sion  of  glyoofjon  to 
dextrose  is  effected  by  a  sperial  enzyme  prochired  in  t  he  liver  cells. 
In  this  dcs<'ripti(>M  of  the  origin  and  meaning  of  the  liver  glycogen 
reference  has  been  made  only  to  the  glycogen  derived  dinx'tly  from 
iligest^Ml  cnrl^ohydnites.  The  glycogen  derivcnl  from  protein  fofnis, 
once  it  is  fonne<J  in  the  liver,  has.  of  course,  the  same  functions  to 
fulfill.  It  is  converted  into  sugar,  and  tventually  is  oxidize<l  in 
the  tissues.  For  the  sake  of  completeness  it  may  Ik;  well  to  add 
that  some  of  tlie  sugar  of  the  blmKl  foniied  fnuu  the  glycogen  may 
under  certain  comlitiims  l^e  convertetl  into  fat  in  the  adipose  tissues, 
insK'iid  of  l)eing  burnt,  and  in  this  way  it  may  be  relaine(i  in  the 
body  as  a  reserve  supply  of  food  of  a  more  stable  character. 

Glycogen  in  the  Muscles  and  other  Tissues. — The  lustor>'  of 
glycogen  is  not  complete  withcmt  ssome  reference  to  its  occurrence  in 
themus(*les.  (ilyct)gen  is,  in  fact,  found  in  various  j)laces  in  the  IkmIv, 
and  is  widely  distributed  throughout  tlie animal  kingdojn.  It  occurs, 
for  example,  in  leucocytes,  in  the  pliu-enta,  in  the  rapitily  growing 
tissues  of  the  embryo,  and  in  consiilerablc  abun*lance  in  the  oyster 
and  other  molluscs.  Hut  in  our  biKlies  and  in  those  of  the  manmials 
generally  the  most  signihcant  (»ccurrence  of  glycogen,  outside  the 
liver,  is  in  the  voluntar\'  muscles,  of  which  glycogen  forms  a  normal 
constituent.  It  lias  been  estimated  that  tlie  jjercentage  of  glycogen 
in  resting  muscle  varies  from  0.5  io  0.9  per  cent.,  and  that  in  the 
nnis(^-ulature  of  the  whole  botly  there  may  be  containwl  aji  amount 
of  glycogen  equal  to  tliut  in  the  liver  itself.  Muscular  tissue,  as 
well  as  liver  tissue,  has  a  glycogenetic  function — that  is,  it  is  cap*^ 
able  of  laying  up  a  supply  of  glycogen  from  the  sugar  brotight 
to  it  by  the  blood.  The  glycogenetic  function  of  muscle  has  l>een 
demonstratetl  directly  b>'  Kulz.*  who  has  shown  that  an  isolated 
muscle  irrigated  with  an  artificial  supply  of  blood  to  which  dextrose 
ia  added  is  capable  of  changing  the  dextrose  to  glycogen,  as  shown 
by  the  increaate  in  the  latter  sul^tance  in  the  muscle  after  irriga- 
tion. Muscle  glycogen  is  to  be  lo<iked  ujHin  as  a  temporary*  and 
local  reserve  supply  of  material;  so  that,  while  we  have  in  the 
liver  a  large  general  depot  for  the  temporar\-  storage  of  glycogen  for 
the  use  uf  the  body  at  large,  the  muscular  tissue,  which,  considering 
its  bulk,  is  the  most  active  tissue  of  the  1xk1>'  from  the  standix)iut 
of  energy'  proiluction,  is  also  capable  of  laying  up  in  the  form  of 
^ycogen  any  excess  of  sugar  brought  to  it.  The  fact  tliat  glycogen 
occura  so  widely  in  the  nipidly  growing  cells  of  embryos  indic^tea 
that  this  glycogenetic  function  may  at  times  be  exercised  by  any 
tissue. 

Conditions  Affecting  the  Supply  of  Glycogen  in  Muscle  and 
Liver. — In  accordance  with  the  view  given  al>ove  of  the  general  value 
•  "ZcitscUrift  f.  Biologic."  27,  237,  1800. 
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of  glycogen — iiainely,  that  it  is  a  temporary*  resen-e  supply  <i 
carbohydrate  material  that  may  be  rapidly  converted  to  sugar  and 
oxidized  with  the  lii)eration  of  energj* — it  is  found  that  the  supply 
of  glycogen  is  greatly  affected  by  conditions  calling  for  increa«<i 
metabolism  in  the  body.  Muscular  exercise  quickly  exliausts  the 
supply  of  muscle  and  liver  glycogen,  provided  it  is  not  reaei^M 
by  new  food.  Observations  on  Isolated  muscles  have  shoftn 
definitely  that  the  local  supply  of  glycogen  is  tlirainished  when  thf 
muscle  is  made  to  contract  (see  p.  60).  In  a  starving  animal 
glycogen  iinally  dlsappeni'Sj  except  ixrhaps  in  lincf^.  but  this 
dif?appearauce  occurs  much  sooner  if  the  animal  is  muile  to  uifil* 
muscles  at  the  same  time.  It  has  been  shown  also  by  Moral  and 
Dufourt  tliat  if  a  muscle  has  l)een  made  to  contract  vigorously 
it  takes  up  much  more  sugar  from  an  artificial  supply  of  blmxl  ^nt 
tluough  it  tliau  n  similar  muscle  whirh  hiLs  l)een  resling  ;  on  ilie 
other  hand,  it  has  been  ft)un<l  that  if  the  nerve  of  one  leg  is  nit 
so  as  to  paralyze  the  muscles  of  that  side  of  the  hcnly,  tiie  amount 
of  glycogen  is  greater  in  these  muscles  than  in  those  of  the  ollwr 
leg  that  have  l)eon  contracting  meantime  and  using  up  their  ply- 
eogen.  The  further  hisloiy  of  glycogen  is  considere<l  in  the  section 
on  Nutntifin. 

Formation  of  Urea  in  the  Liver.^The  nitrogen  contained  in 
the  protein  nnilerial  of  our  fooil  is  finally  eliminatc»d,  mainly  in  tbc 
form  of  lu'ea.  It  has  Ix-en  tlefinitely  proveil  that  the  ureu  i.s  not 
formed  in  the  kidneys,  the  organs  that  eliminate  it.  It  h:is  long  been 
considered  a  matter  of  the  greatest  importance  to  ascertain  in  what 
organ  or  tissues  urea  is  formed.  Investigations  have  gone  sfi  far  as 
to  demonstrate  that  it  arises  in  part  nt  least  in  the  liver:  hence  the 
property  of  forming  urea  must  l>e  added  to  the  other  imponnni  ftmr- 
tions  of  the  liver  cell.  Schroder*  performe*!  a  numlier  of  exi>cri- 
ments  in  which  the  liver  was  taken  from  a  freshly  killed  dog  ai 
irrigated  through  its  blood-vessels  with  a  supply  of  blood  obtain* 
from  another  dog.  If  the  supply  of  fjktod  was  taken  from  a  fu.siin( 
animal,  then  circulating  it  through  the  isolated  liver  was  not  follow 
by  any  increase  in  the  amount  of  urea  contained  in  it.  If.  on  th( 
contrary,  the  blood  was  obtained  fixjm  a  well-fetl  dog.  the  amount 
of  urea  contained  in  it  was  distinctly  increased  by  passing  it  ' ' 
the  liver,  thus  indicating  that  the  blood  of  an  animal  after  i . 
contains  something  that  the  liver  can  convert  to  urea.  It  is  to  b 
noted,  moreover,  that  this  power  is  not  possesse<l  by  all  the  orgi 
since  blood  from  well-fed  animals  showed  no  increase  in  urea  afterl 
being  circulated  through  an  isolated  kidney  or  muscle.  As  furtherj 
proof  of  the  urea-forming  power  of  the  Uver  Schroder  fotmd  thai' 

*"Arc!hiv  L  pxf)erimentelle  Pathologie  und   Pliannakologie,**    15,   3&4, 
1882,  and  19.  373,   18S5. 
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if  ammonium  ('arlM)nate  was  atided  to  the  lilood  rirculating  through 
the  liver  -to  that  from  the  fa-HtiiiK  as  well  as  from  the  weM-nourished 
animal — a  ver>'  decided  ini*nea.s<*  in  the  urea  was  always  obtained. 
It  follows  from  the  last  exiw-ntiicriT  That  tfie  liver  cells  aix*  able  to 
convert  carl>onatc  of  atnmiHtiuni  into  urea      The  i-eaction  may  be 

^expressed  by  the  equation  (NH,)/'0,-2HjO  ^  CON.H,.  Sc'h6n- 
dorff*  in  some  lat^r  work  tihnwed  tliat  if  the  blood  of  a  fastine  dog 
is  irrigated  throtigh  the  hind  legs  of  a  well-nouiishod  animal,  no 
increase  in  urea  in  the  bhxHl  can  l>e  <lete<'te<l:  hut  if  the  l>lood.  after 
irrigation  through  the  hind  legs,  is  subsequently  passed  through  the 

VK^'^''*  *  marked  increase  in  urea  results.  Obviously,  the  hlocxl  in  this 
experiment  derives  something  from  the  tissues  of  the  leg  whirh  the 
tissues?  themselves  cannot  con\crt  to  urea,  but  which  the  liver  cells 
can.  Finally,  in  .some  remarkable  expeiiments  uf>on  dogN  made  by 
four  investigators  (Hahn,  Massen.  Nencki.  and  Pawlowi,  which  are 
described  more  fully  in  the  next  chapter,  it  was  .shown  that  when  the 
liver  is  pmctically  destroyed  there  is  a  distinct  <iiminution  in  the 
ureji  of  the  urine.  In  birds  unc  acid  takes  the  place  of  urea  as  the 
main  nitrogenous  excretion  of  the  l>ody,  and  Minkowski  hiis  shown 
that  in  them  ^emo^'nl  of  the  liver  Ls  followed  by  an  important 
diminution  in  the  amount  of  uric  acid  excreted.     From  experiments 

I  such  as  thes<e  it  is  safe  to  conclude  tfiat  ure^i  Ls  foitned  in  the  liver 
and  is  then  given  to  the  blrKtd  utn\  excrete<l  by  the  kidney.  In 
treating  of  the  physiological  history-  of  urea  an  account  will  Ix;  given 
of  the  views  proposed  with  regaixl  to  the  antecedent  substance  or 
substances  frtmi  which  the  liver  pnxluces  urea. 
Physiology  of  the  Spleen.— Mttch  ha.s  l>een  siiid  and  written 
about  the  spleen,  but  we  aiv  yet  in  the  dark  as  to  the  distinctive 
function  or  funetions  of  tliLs  organ.  The  few  facts  that  are  kn<nvn 
may  be  stated  briefly  witliout  going  into  the  details  of  tlieories  tlmt 
have  been  offen^d  at  one  time  or  another.  The  older  experimentere 
demonstrnted  tluit  tliis  organ  may  be  remove<i  from  the  Iwdy  without 
8eriou.s  injur)'  to  the  animal.  An  increase  in  the  si/.e  of  the  Ivmph- 
glands  and  of  the  hone-marrow  lias  been  stated  to  occur  after  ex- 

■  tirpation;  but  this  is  denied  !)y  others,  and.  whether  tnte  or  not,  it 
givt-s  but  little  clue  to  the  normal  functions  of  the  spleen.  Some 
obeerverst  find  that  the  removal  of  the  spleen  causes  a  marked 
diminution  in  the  numl>er  of  red  corpuscles  and  the  tiuantity  of 
hemoglobin.  They  infer,  therefore,  that  the  spleen  is  nominlly 
concerned  in  some  way  in  tiie  formation  of  red  corpuscles.  (Mhers. 
however,  report  with  ptpml  jK>sitiveness  that  removal  of  the  spleen 
has  no  effect  upon  ihv  number  of  red  corpuscles  or  ujwn  the  power  of 
the  animal  to  regenerate  its  corpuscles  after  hemorrhage. J    The 

•••PflUjfer's  Arrhi\-  f.  die  Kesnniinle  Pliysiologie. "  o4.  420,  1893. 

t  Uuilen»»uoh.  "CVntralblatt  fOr  riiysiologic."  9.  1.  J895. 

t  Paton,  Gulland.  and  Fowler.  "  Journal  of  Physiology."  28.  83.  1902 
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most  definite  facts  known  about  the  spleen  are  in  connection  with  iU 
movement.  It  has  been  shown  that  there  is  a  slow  expansion  aiul 
contraction  of  the  organ  synchronous  with  the  digestion  i»erio<l5. 
After  a  meal  the  spleen  begins  to  increase  in  size.,  reaching  a  maximimi 
at  about  the  fifth  hour,  ami  then  slowly  returns  to  its  prexioufl  ait. 
This  moA'emcnt,  the  meaning  of  which  is  not  known,  is  prol>ably  i\w 
to  a  slow  vasoiiilatation.  together,  perhaps,  >\ith  a  relaxation  of  tlio 
tonic  contraction  of  the  musculature  of  the  trabecula?-.  In  adilitidn 
to  this  slow  movement,  Roy*  has  sho^ii  that  there  is  a  rh>'thniica] 
contraction  and  relaxation  of  the  organ,  occurring  in  cats  and  dogs 
at  interx'afs  of  about  one  minute.  Roy  supposes  that  these  otiu- 
tractions  are  efrecte<i  through  the  intrinsic  musculature  of  the  oitkm, 
— that  is,  tlie  i:)]ain  mus^-le  tissue  present  in  the  capsule  and  iraljeciila*, 
— and  he  believes  that  the  contractions  serve  to  keep  up  a  circulation 
through  the  spleen  and  to  make  its  vascular  supply  more  or  lea 
independent  of  variations  in  general  arterial  pressure.  The  fuel 
that  there  is  a  special  local  arrangement  for  maintaining  its  ci^ 
culalion  makes  the  spleen  unique  among  the  organs  of  the  l>ody,  but 
no  light  is  thrown  u[X)n  the  nature  of  the  function  fulfilled.  The 
spleen  is  sui^plieil  richly  with  motor  nen^  fibers  which  when  slinnt- 
lated  either  directly  or  reflexly  cause  the  organ  to  diminish  in 
vohmie.  According  to  Schaefer,t  these  fibers  are  contained  in  the 
sjilanchnic  nerves,  which  carr>'  also  inhibitory  fibers  whose  stiniu- 
laticm  pmduces  a  dilatation  of  tlie  ppleen. 

The  chemical  composition  of  the  spleen  is  complicated,  but  sug- 
gestive, lis  mineral  constituents  are  characterized  by  a  l&ige 
percentage  of  iron,  which  seems  to  be  present  as  an  organic  compound 
of  some  kind.  Analysis  shows  also  tlie  presence  of  a  number  of  fatty 
acids,  fats,  cholesttTJn,  and,  what  is  perhaps  more  notewortliy.  a 
number  of  nitmgenous  extractives  belonging  to  the  group  of  purin 
bases,  such  as  xanthin,  hypoxanthin.  adenin,  guanin,  and  uric  acid. 
The  presence  of  these  bodies  seems  to  indicate  that  active  metabolic 
changes  of  sc)me  kind  occur  in  the  spleen.  As  to  the  theories  of  the 
sj^lenic  functions,  the  following  may  be  mentioned:  (1)  The  s]>leen 
has  been  supposed  to  give  rise  to  new  red  corpuscles.  This  it  un- 
doubtedly does  during  fetal  life  and  shortly  after  birth,  and  in  some 
animals  throughout  life,  but  there  is  no  reliable  evidence  that  the 
fiuiction  is  retained  in  adult  life  in  man  or  in  most  of  the  manunab. 
(2)  It  has  been  supposed  to  be  an  organ  for  the  destruction  of 
corpuscles.  This  view  is  founded  chiefly  on  microscopica.1  e\'ideni 
according  to  which  certain  large  amelxnd  cells  in  the  spleen  ing 
and  destroy  the  old  red  corpuscles,  and  partly  uix)n  the  fact  that 
spleen  tissue  seems  to  be  rich  in  an  iron-containing  compound.    T 
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theory  cannot  be  ronsitlered  at  present  as  satLsfactorily  demon- 
strated, [''i)  It  has  been  suggested  that  the  spleen  is  concerned  in 
the  pro<hiction  of  uric  acid.  This  substance  is  found  in  the  spleen. 
as  staled  above,  and  it  was  shown  by  Horbaczewsky  timt  tlie 
spleen  contains  sul)6lances  from  which  uric  acid  or  xarithiii  may 
readily  be  forraed  by  the  action  of  the  spleen-tii?sue  itself.  More 
recent  investigations  *  have  shown  that  the  spleen.  Uke  the  Uver 
and  some  other  organs,  contains  special  enzymes  (adenase.  guanase, 
and  xanthin  oxydase),  by  whose  action  the  split  [jroiluct-s  of  the 
nucleius  may  be  converted  to  uric  acid,  and  it  i;j  probable,  therefore, 
that  this  latter  substance  is  constantly  fornipil  in  the  spleen.  (4) 
Lastly,  a  theory  has  been  .supported  by  SchifF  and  Herzen.  according 
to  which  the  spk'eii  produces  something  (an  enzyme)  which,  wlicn 
carried  in  the  blood  (o  The  pancreas,  acts  upon  the  tlTp^ino;;{'ll  ron- 
t-ained  in  this  gland,  ninverting  it  into  tr)T>sin.  This  view  hu-s  been 
corroborated  by  a  number  of  observers,  but  it  is  difficult  at  present 
to  dei^-ide  whether  such  an  action  occurs  normally  during  digestion. 
As  alreatiy  stated,  the  general  testimony  ;it  prrsont  indicates  that 
the  pancreatic  juice  when  scc^reteil  contains  its  ttyfjsin  in  inactive 
form.  It  is  activated  oidy  after  reaching  the  duodenum  under  the 
influence  of  the  enterokinasD. 

♦{'otwult   Jone^  anJ   Austrian,  " Zeilachrift   f.   physiol.   Cliem.,"    11)06^ 
xlvui.,  110. 


CHAPTER  XLV. 
THE  KIDNEY  AND  SKIN  AS  EXCRETORY  ORGANS. 

Structure  of  the  Kidney. — The  kidney  is  a  compound  tubulw 
gland.  The  uriniferous  tubules  composing  it  may  be  roughly 
separated  into  a  secreting  part  comprising  the  capsule.  convolij(«i 
tul>es,  and  loop  of  Henle,  and  a  collecting  part,  the  so^dled  straight 
or  collecting  tube,  the  epithelium  of  which  is  assume*!  not  la 
have  any  ftecretf>ry  function.  Within  the  secreting  |)arl  the  eiMtbe- 
lium  differs  greatly  in  character  in  different  regions;  it«  peculioritie* , 
may  be  referred  to  briefly  here  so  far  as  tliey  seexn  to  have  a  physf*-] 
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Flit.  274. — Fortioiui  of  lh«  various  clivialaoa  of  the  urintremua  tubule^  drmwn  fnim 
iwotion?*  of  humun  kidttev:  A,  Midpifthian  IkmIy;  x,  nquKttiou.t  epitheltum  lininx  the  c*s^ 
auto  nn<l  reflcctect  o\'er  tne  glonteruluH;  y.  i.  atfrnnl  and  efT«rent  vcmbIa  oI  thi*  tuft;  u 
nuclei  of  napilliinee:  n,  conj*trictrrl  n(^ck  markina  poasage  of  capsule  into  convoluted  ttt- 
bule:  8,  pruxirnal  convolutail  tubule;  C.  irTvcuukr  tubuw:  D  and  F,  spiral  tut 
Biicending  limb  of  Henle's  loop;   O,  straight  collecting  tubule.— (Pwrcol.) 

logical  l>earing,  although  for  a  complete  description  refcrenc© 
be  made  to  wcjrks  on  histolog}'. 

The  arrangement  of  the  glandular  epithelium  in  tlie  Ciipsule  wiih 
reference  to  the  blood-vessels  of  the  glomonilus  is  worthy  of  specii 
attention.  It  will  be  rememl>ercd  that  each  Malpighian  corpuscle  coi 
sists  of  two  principal  parts,  a  tuft  of  blood- vessels,  the  glomerulus. 
an  enveloping  expansion  of  the  uriniferous  tubule^  the  capsule.    T 
glomerulus  Ls  an  interesting  stnicture  (see  Fig.  274,  A),    It  coi 
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of  a  small  afferent  arten-  which  after  entering  the  glomerulus,  breaks 
up  into  a  number  of  capillaries.  These  capillaries,  although  twistai 
together,  do  not  anastoiufKse,  and  they  unite  to  form  a  single  efferent 
vein  of  a  smaller  tliameter  than  the  afferent  arter>-.  The  whole 
structure,  therefore,  is  not  an  ordinary  capiillary  area,  but  a  rete 
mtrabilc.  and  tiie  physical  factors  are.  such  that  within  the  capil- 
laries of  tlie  rete  there  must  l>e  a  greatly  diminiaheil  velocity  of  the 
blood-stream,  owing  to  the  great  increase  in  tlie  width  of  the  stream 
!>ed,  and  a  high  blood-pressure  as  comjHutHl  with  ordinar\'  capil- 
laries. Surrounding  this  glomcntlus  Ls  the  double-walled  capsule. 
One  wall  of  the  capsule  is  closet}-  adherent  to  the  capillaries  of  the 
glomerulus;  it  not  only  covers  the  structure  clasely,  but  di]\s  into 
the  interior  Ixjtween  the  small  lobules  into  which  the  plomentjus  is 
divitletl.  This  layer  of  the  caixsule  is  comfxjsed  of  flattened,  cndo- 
Ihelial-like  cells,  the  glomerular  epithelium,  to  which  givat  impor- 
tance is  attache*!  in  the  formation  of  the  secretion.  It  i\*ill  be  no- 
tired  that  between  the  interior  of  the  blood-vessels  of  the  gloniendus 
and  the  cavity  of  the  capsule,  which  b  the  beginning  of  the  urin- 
ifcmus  tubule,  there  are  interpcjsed  only  two  very  thin  layer^j, — 
namely,  the  epithehum  of  tiie  capillar)'  wall  and  the  glomerular 
epithelium.  The  apjmratus  woidd  seem  to  afford  most  favorable 
conditions  for  filtration  of  the  lifpiid  parts  of  the  bloo*.!.  The  epi- 
thelium clothing  the  convolutwi  jxirtions  of  the  tubule,  including 
under  this  designation  the  so-called  irregular  and  spiral  pt)rlions 
and  the  loop  of  Heole,  is  of  a  cliarucler  quite  different  from  that  of 
tlie  glomerular  epithelium  (Fig.  274,  B,  C,  D,  E,  F,  O).  The  cells, 
speaking  generally,  are  culxtidal  or  cylindrical,  protoplasmio,  and 
granular  in  apijearance;  on  the  side  toward  the  basement  mem- 
brane they  often  show  a  peculiar  striation,  while  on  the  kunen  side 
the  extreme  periphery-  presents  a  compact  bonier  which  in  some 
eases  shows  a  cilia-hke  striation.  lliese  cells  h&\e  the  genera! 
apl)earance  of  an  active  secretor>'  epithelium,  and  one  theor\'  of 
urinary  se<;retion  attributes  this  function  to  them. 

The  Secretion  of  Urine. — ^The  kidneys  receive  a  rich  supply 
of  nerve  filters,  but  most  histologists  have  been  unable  to  trace  any 
connection  l>etween  these  filx^rs  and  the  epithelial  cells  of  the  kidney 
tubules. 

'llie  majority  of  purely  physiological  experiments  upon  direct 
stimulation  of  the  ner\'es  going  to  the  kidney  are  adverse  to  the 
theory  of  secretory  fibers,  the  marked  effect*  obtained  in  these  ex- 
periments being  all  explicable  by  the  changes  protluced  in  the  blood- 
How  through  the  organ.  Two  general  theories  of  iuinar\'  secretion 
have  l>een  profx)8ed.  Ludwig  held  that  the  urine  is  fomjeii  by  the 
simple  physical  processes  of  filtration  and  diffusion.  In  the  glom- 
eruli the  conditions  are  most  favorable  to  filtration,  and  he  sup- 
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posed  that  in  these  structures  water  filtered  through  from  the 
carr>iiig  with  it  not  only  the  inorganic  salts,  but  also  the  s 
elejnents  {urea,  etc.)  of  the  secretion.  There  was  thus  formftl  at 
the  beginiiiiig  of  the  uriniferous  tubules  a  complete  but  diliitwi 
unne.  and  in  the  suljsequent  passage  of  this  liquid  along  the  etm- 
voluted  tubes  it  became  concentrated  by  diffusion  with  the  nuire 
concentratetl  l\Tnph  surrounding  the  outside  of  tlie  tubules. 

Bowman's  theorj'  of  uriiian'  secretion,  which  has  ance  htm 
vigoRiusly  .supix>rted  and  extended  by  Heidenhain,was  based  orig- 
iimlly  mainly  on  liistological  grounds.  It  assumes  that  in  the 
glonienili  water  and  inorganic  salts  are  produced,  while  the  urea 
and  related  liodies  are  eliminated  through  tJie  acti\ity  of  the  epi- 
thelial cells  in  the  convoluted  tul:>e8. 

The  first  of  these  theories  (Ludwig)  is  sometimes  spoken  of  as 
the  mechanical   theor>\  aince  as  originally   proposed  it  attempted 
to  explain  the  formation  and  composition  of  the  urine  by  reference 
only  to  the  physical  forces  of  filtration  and  rliffusion.     Adlieivnta 
of  this  %iew  in  recent  yeiirs  liave  modified  it,  however,  to  the  extent 
that  the  absorjition  supix>sed  to  take  place  in  the  convoluteti  tubules 
is  designated  as  a  selective  absorption,  or  selective  dififusion,  the 
characteristics  of  which  depend  upon  unknown  peculiarities  of  stnio- 
ture  in  the  epithelial  cell,  so  that  it  is  no  longer  a  purely  merlianical 
theor>'.     The   difference   between    the    Ludwig   and    the   Iio\niuui 
theories  may  Uq  stated  briefly  in  this  way.     The  former  assumes  that 
in  the  glomerulus  all  of  the  constituents  of  the  luine  are  produced 
from  the  blood,  probably  by  filtration,  and  that  the  function  of  the 
epithelium   hning   the   convoluteil   tubules  is  absorptive,   like  tha 
epithelium  of  the  intestines,  and  not  secretory.     The  liowman  \ieir 
as  fornmlated  by  Heidenhain  teaches  that  the  glomcndar  epitiie- 
iiimi  forms  the  water  and  salts  of  the  urine  by  an  act  of  secxction, 
the  ultimate  cheniistry  or  ph^Taics  of  which  is  not   known. 
theory  asserts  that  the  epitheliul  cells  participate  actively  in  the' 
process  of  se<M-etion  and  do  not  serve  simply  as  a  pa.ssive  membrane. 
The  cells  of  the  convoluted  tubules  are  also  secretor>'.  their  special 
activity  being  hmited  mainly  to  the  organic  constituents,  urea,  etc 
although,  in  this  respect, — namely,  in  the  precise  distinction 
tween  the  se<^retory  products  of  the  glomerular  epithelium  and  thi 
of  the  convoluted  tubules, — the  theon,'  is  not  ver\'  explicit.     Muc 
interest  and  a  large  literature  have  been  stimulated  by  controver- 
sies based  on  these  theories,  and  to-day  the  facts  accumulated  ar» 
not  such  as  to  demonstrate  conclusively  one  view  or  the 
although,  on  the  whole,  perhaps,  it  may  he  said  that  the  majority 
physiologists  adhere  to  the  more  conservative  view  of  HouTnan- 
Heidenhain  to  the  extent  at  least  of  recognizing  that  the  physic 
laws  of  nitration,  diffusion,  and  imbibition,  so  far  as  they  are  know 
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<!o  not  suffice  for  a  satisfiictory  explaniition  of  the  factvS.*  As  in 
other  similar  cases,  our  kno\vleJ>;c  of  the  pliysical  structure  and 
chcrairal  proi>erties  of  the  walls  of  the  livinjf  tells  is  still  ver>'  de- 
ficiont.  and  it  seems  necessar>'  to  designate  these  activities  by  the 
indefinite  t^rm  secretion. 

Function  of  the  Glomerulus. — As  stated  abov^,  the  structure 
of  theglonieruhis  is  i>ecuUar  and  suggestive  of  a  special  atlaptation. 
Ludwig*3  theory'  looks  upon  it  as  a  filter,  the  pressure  of  the  blood 
in  the  glomerular  capillaries  driving  the  wat-er  and  salt^  through 
the  endothelium  of  the  capillaries  and  the  glornt'nilar  t'[jithe- 
liiun  mto  the  cavity  of  the  urinary  tubule.  If  we  consider 
only  the  water  and  assume  that  the  membranes  traversed  are  freely 
penneable  to  its  molecules,  then  it  is  e\adent  that,  upon  this  theory, 
the  quantity  of  urim?  formed  will  depend  upon  the  filtmlion  pres- 
sure, and  tluit  this  liitration  pressure  can  I>e  expresseil  by  the  fonnula 
F'-'P — p.  in  which  P  ifpresents  the  blood-pressure  in  the  glom- 
erular capillaries  and  p  the  pressure  of  tlie  urine  in  the  capsular 
end  of  the  uriniferous  tubules.  Some  of  the  interesting  facts  de- 
veloped by  exj^erinient  may  Im?  presented  in  connection  with  this 
fommla.  Acconling  to  the  iiiechanical  theory,  the  amount  of  urine 
formed  should  vary  directly  with  P  and  inversely  with  p.  The 
factor  P  may  be  increased  in  two  general  ways:  First,  by  those 
changes  'wliich  raLw  genemi  arterial  pressure  and  therefore  the 
pressure  in  the  renal  arteries, — such  changes,  for  instance,  afi  are 
brought  about  by  an  incrwised  force  of  heart  l>eat  or  a  large  vaao- 
constrictioiu  Second,  by  oljstrucling  or  occluding  the  renal  veins. 
Kxperijnenta  have  Ixjen  niaile  along  these  Ihies.  With  regard  to 
the  lirst  pos.'iii>ility  it  hasl>eeu  found  in  general,  although  not  invar- 
iably, that  raising  arterial  pressure  increases  the  quantity  of  urine 
if  the  means  used  are  such  as  may  be  assumed  to  raise  the  pressure 
in  the  glomendar  capillaries. 

The  reverse  exj^erijnent,  however,  of  raising  P  by  blocking  the 
venous  outflow  fails  entirely  to  support  the  theory.  Wlien  (he  renal 
veins  are  compressed  the  eapillar>^  pressure  in  the  glomenili  must 
be  increased,  and,  if  the  veins  arc  blocketi  entirely,  we  may  suppoee 
that  the  capillary  pressure  is  raised  to  the  level  of  that  of  the  renal 
arteries.  In  such  experiments,  however,  the  flow  of  urine  is  di- 
minished instead  of  l>eing  increased,  and  indeed  may  be  stoppetl 
altogether  when  the  veins  are  completely  blocked.  The  adherents  of 
the  Ludwig  theon.'  have  attempted  to  explain  this  unfavorable 
result  by  assuming  that  the  swollen  interlobular  veins  press  upon 
and  block  the  uriniferoiis  tubules.  Acconling  to  the  antagonistic 
theory  of  Heidenhain,  blocking  the  veins  suppresses  the  secretory 
activity'  of  the  glomenilar  epitheUum  by  depriving  it  of  oxygen  and 

*  For  difiouK!«ion  nnd  literature  see  Ma^us,  "Muacheoer  med.  Worhen- 
•chrift,"    1900.  Noe.  28  and  29. 
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the  chance  for  it^movul  of  CO... — that  is.  l>v  producing  local  as- 
phyxia. The  latter  oxphination  seems  the  simpler  of  the  two,  and  it 
is  very  strongly  supported  by  the  opposite  experiment  of  clamping 
the  renal  artery.  When  this  is  done  the  blood-flow  through  the 
kidney  ceases  and  the  secretion  of  urine  also  stops,  as  -would  be 
expected.  But  when  after  a  few  minutes'  closure  the  arter)'  is  wn- 
claniped,  the  secretion  is  not  restored  ^vith  the  return  of  the  cir- 
eulatiou.  On  the  contrary,  a  long  time  (as  much  as  an  hour  or  more) 
may  elapse  before  the  secretion  Imgiiis.  Tliis  fact  is  quite  in  harmony 
with  the  Heidenhain  theor>',  since  complete  removal  of  their  blood 
supply  might  well  result  in  a  long-continued  injiu^"  to  the  delicate 
epithelial  cells.  On  tlie  meclianical  theotyi  however,  we  should 
expect  the  contrary.  Injury  to  the  cells  should  be  followed  by 
greater  permeability  and  an  increased  filtration,  as  is  foimd  to  be 
tlie  case  with  the  production  of  lymph.  These  two  exi^eriments, 
blocking  the  renal  artorA'  and  the  renal  vein,  seem  at  present  to  dis- 
credit the  filtration  theon'  and  to  support  the  secretion  theor>'. 
If  we  accept  tliis  latter  theorv^  it  may  be  asked  how  it  agrees  with 
the  experinients  mentioned  alxive  upon  the  variations  in  capillary 
pressiu^  bmught  about  otherwise  than  by  obstnicting  the  venous 
outflow.  Heidenhain  lias  emphasizetl  the  fact  that  all  of  these  ex- 
periments iiivolve  not  only  a  variation  in  capillar,'  pressure,  but  also 
in  the  blood-flow,  and  that  it  is  ojx^n  to  us  Xjq  suppose  that  the 
effect  uiK)n  the  secretion  of  urine  is  tiependent  ujwn  the  rate  of  flow 
rather  than  upon  the  capillar^'  pressure.  If  we  adopt  this  expla- 
nation we  are  led  again  to  the  secretion  hyix)thesis.  Mere  rate  of 
flow  shoulfl  not  influence  filti'ation,  but  might  affect  secretion,  since 
it  would  alter  the  comjwsition  of  the  blood  flowing  through  the 
glomemli  and  also  the  amount  of  oxygen  and  carbon  tlioxid.  An 
important  fact,  wliich  seems  at  first  sight  to  show  a  direct  influence 
of  pressure,  is  that  when  general  arterial  pressure  falls  below  a  oer- 
tain  point,  about  40  nuns,  of  mercury',  the  secretion  of  urine  ceases 
altogether.  Such  a  condition  may  be  brought  about  by  surgic^ 
shock,  by  hemorrhage,  or  by  section  of  the  spinal  cord  in  the  cer- 
vical or  thoracic  region.  But  here  again  the  great  vascular  dila- 
tation causing  this  fall  of  pressure  is  associated  with  a  feeble  cir- 
culation, and  the  effect  upon  the  kidney  secretion  may  well  be  due 
to  tliis  latter  factor. 

In  addition  to  var>ing  the  factor  P  in  the  formula  given  above^ 
it  is  possible  also  to  increase  the  factor  p.  Normally  the  pressure 
of  the  urine  in  the  capsule  m;ist  be  verj'  low,  owing  to  the  fact  that 
the  secretion  drains  away  as  rapidly  as  it  is  fonnetl.  If  the  ureter 
is  occluded,  however,  the  pressure  of  the  urine  will  increase,  and  the 
filtration  pressure  P  —  p  will  diminish.  Wlien  this  experiment  is 
performed  and  the  pressure  in  the  ureter  is  measured  by  a  manom- 
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r,  it  is  found  to  rise  to  50  or  6*>  mms.  of  mercury  ami  then  to 
«inain  siationarj'.  This  fact  mi^ht  be  explaiued  by  supposing 
that  when  p  =  P  the  secretion  stops  on  at^oouiit  of  the  failure  of 
the  filtration  pressure.  Little  weight,  however,  can  be  given  to 
this  argument,  since  it  L**  quite  possilile  that  under  thes^e  con<ii- 
tioas  the  urine  may  still  continue  to  form,  hut  \^  reabjsorlied  under 
the  high  tension  reached.  The  experiment  simply  serves  to  show 
the  secretion  pressure  of  the  urine,  and  the  fact  that  this  pressure 
rises  as  high  as  .50  to  60  mms.  mercur>\  while  the  ctipilhir}'  pressure 
is  probably  somewhat  lower,  would  rather  serve  as  an  argument 
against  the  fdtration  theory.  Moreover,  experiments  show*  that 
when  a  certain  mo<.lerate  resistance  is  established  in  the  ureters 
(p  —  10  cms.  e.  ff.)  the  flow  of  urine  is  actually  increased  instead 
of  falling  off,  a  fact  entirely  opposed  to  the  merhanical  theory,  but 
explicable  on  the  secretion  theory  on  llie  assumption  that  the 
resistance  acts  as  a  stimulus. 

Function  of  the  Convoluted  Tubule.  —By  the  term  convoluted 
tubule  is  meant  here  the  entire  strt^tch  from  the  glomenilus  to  the 
straight  tubules.  Its  epitheliimi  varies  in  character;  its  cells  are 
distinguished  in  general,  as  contnu^ted  with  the  glomerular  epithe- 
lium, by  a  relatively  large  amount  of  granular  protoplasm.  The 
question  of  interest  at  present  in  regard  U^  tliLs  epitheliimi  is  whether 
it  is  secreton'  or  absorptive.  The  original  view  of  Ludwig  that 
diff\iaion  takes  ]>lace  in  these  tiibules  l>etween  the  urine  and  the 
blood  (lymph)  in  accordance  vnih  simple  physical  laws  and  that 
by  this  action  alone  the  dilute  urine  is  iirought  to  its  normal  concen- 
tration must  be  abandoned.  The  mere  fact  that  the  urine  ma>-  be 
more  concentrated  in  certain  constituents  tlian  the  blood  is  sufh- 
ejent  evidence  that  other  factors  must  co-operate.  Those  who  be- 
lieve that  the  main  function  of  the  tubules  is  al>sorf)tive  are  obliged 
to  regard  this  process  as  physiological,  as  a  seJeotive  absorption 
i  depending  upon  the  living  structure  and  properties  of  the  epithelial 
I  cells.  Ihc  kind  of  eviilence  ufion  which  this  view  is  based  is  some- 
what indirect;  a  single  example  may  suffice.  Oishny  statesf  that 
if  certain  diuretics — for  example,  sodiiijii  chlorid  and  sofliimi  sul- 
phate— are  injected  amultaneously  into  the  lilocxi  and  in  such 
amounts  that  an  ef\\\o.\  mmiber  of  the  anions  (01  and  SO  J  are  pres- 
ent, the  quantities  that  are  excreted  in  the  urine  during  the  next 
hour  or  two  follow  different  curves  and  var)'  imle|x^ndontly  of  their 
concentration  in  the  pla.sma.  While  this  indej>endence  might  l»e 
referred  to  a  specific  secreton*  action,  the  author  finds  a  simpler 
explanation  in  variations  in  absorption,  the  ef)ithelium  of  the  con- 
volute<l  tubule,  like  that  of  the  intestine,  ub.sorbing  the  sulphate 

•  Rrodie  and  <'uliis,  "Journal  of  Phvf ioiogj-, "  1906,  xxxiv.,  224. 
t  "Joumal  of  Physiology,"  27,  i2^/iW2. 
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with  more  (liflficiilly.  On  the  other  side,  the  facts  that  have  \yeen 
urged  in  faviir  of  the  secretory'  hypothes^is  are  more  numerous  arnl 
varied.  I)ut  none  is  entirely  con\'incing.  Some  of  these  facts  are 
as  follows:  (1)  It  is  stated  that  if  the  ureters  are  ligat€<l  in  birds 
the  urates  will  lie  found  dejxjaited  in  the  uriniferous  tuhules.  but 
never  at  the  caj>su]ar  end.  (2)  Heidenhain  has  given  proof  tiiat 
the  convoluted  tulniles  are  cajmble  of  excreting  indigo-cannin  after 
this  substance  is  injected  into  the  blood.  His  experiment  consisted 
essentially  in  inje<;tiiig  the  material  into  the  blood,  after  dividing 
the  cord  so  as  to  re<luce  the  rapidity  of  secretion.  After  a  certain 
inter\'al  the  kidney  was  removed  and  irrigated  with  alcoliol  to  pre- 
cipitate the  intligo-carmin  in  sUu  in  the  oi^an.  Microscopical  ex- 
ajnination  showed  that  after  this  treatment  the  granules  of  the 
indigo-carmin  are  foiintl  in  the  convolutetl  tubules,  but  not  in  the 
capsules  around  the  gioniendi.  (3)  Several  o)»scr^•ers  (Van  der 
Stricht,  Disse,  Trambasti,  Gunvitsch*)  have  descril)ed  microscopical 
apfx-arances  in  the  cells  lining  the  tubules  intlicative  of  an  active 
secretion.  They  picture  the  formation  of  vesicles  in  the  cells  and 
ap(>earances  which  inilicate  the  discharge  of  these  vesicles  into  the 
cavity  of  the  tubules.  (4)  Nussbaum  made  use  of  the  fact  that  in 
the  frog  the  glomeruli  are  supplied  Viv  brunches  of  the  renal  artery, 
while  the  it».st  of  the  tul>es  is  supplied  by  the  renal  portal  vein. 
He  stated  that  if  the  renal  artery  is  ligated  the  glomeruli  are  de- 
prived completely  of  blotxl,  and  that  as  a  rasult  tlie  flow  of  urine 
ceases.  If  under  these  conditions  urea  is  injectc<l  into  the  rirculation 
it  is  excreted  together  with  some  water,  thus  proving  the  eecreiorv' 
activity  of  the  tubules  with  regard  to  urea.  These  results,  although 
denied  at  one  time,  have  recently  been  confirmed  and  extended-! 
(5)  Preiser  has  shown  that  the  acidity  of  the  urine  is  due  to  an  action 
of  the  epithelium  of  the  tubules.  If  an  acid  indicator,  such  as  aci<l 
tuchsin,  is  injetted  into  the  tlorsnl  lymph  sac  of  a  frog,  and  an  hour 
or  .so  later  tlie  kidneys  are  examined,  it  will  lx»  found  that  the  con- 
voluted tubides  are  coloi-ed  red,  while  the  capsular  end  is  colorless, 
indiratiuK  (hat  the  secretion  at  the  latter  point  has  an  alkaline 
reaction.  The  experiment  shows  that  the  acid  sul)stances  in  the 
urine  are  pro(h]ced  in  the  convoluted  tubules.  The  i%implG6t 
explanation  is  that  they  aie  formed  by  a  secretor}-  activity  of  the 
epithelial  cells.  (6)  Study  of  the  giu^eous  exchanges  in  the  kidney 
during  diui-ei-is.t  and  of  the  sugar  output  during  the  glycosuria 
caused  by  phlorhizin  S  tend  to  support  the  secretion  hypothwis 
to  the  extent  that  they  prove  an   increased  metabolism  during 

♦  See  CJurwiUc'li.   '  Arcliiv  f.  die  Rp-sammte  PhyHio]o(fie,'*  91,  71.  1902. 
t  BainbrMige  and  BeddarJ. '•Journal  of  Pliysiolosj'."  1906,  xxxiv.  (Proc. 
Physiol.  Soc.):  also  Cullis.  Ibui..  p.  2'>0. 

t  Barcroft  and  Brodie.    'Journal  of  Flivf'iologyt"  1906,  xxxtii.,  52. 
§  Pa>-y,  Brodie,  and  Siam,  ihui..  nm,  xxix,,  467. 
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functional  activity.  (7)  The  action  of  diuretics  (see  below). 
On  the  whole,  it  must  be  admitted  that  the  weight  of  evidence  is 
in  favor  of  the  Bowman-Heidetdmin  theory  of  secretion,  and  it 
remains  for  future  investigations  to  explain  more  definitely  what 
is  meant  by  the  obscure  term  secretory  activity. 

Under  pjithologica!  conditions  it  has  been  showTi  satisfactorily 
that  the  albumin  and  sugar  which  may  be  present  in  the  urine  are 
secreted  or  eliminated  at  the  glomenilar  end  of  the  tubule. 

Action  of  Diuretics. — An  impt>rtant  side  of  the  theories  of 
secretion  of  urine  is  their  application  to  the  action  of  diuretics. 
Wat«r;  various  soluble  substances,  such  as  salts,  urea,  and  dextrose; 
and  certain  special  drugs,  such  as  caffein  or  digitalis,  exert  a  diuretic 
action  on  the  kidneys.  Much  exporiniental  work  has  been  done 
to  ascertain  whether  the  action  of  these  suiistances  can  l>e  explained 
mecbanicully  by  their  influence  on  the  blood-flow  or  the  bkwd- 
presBure  in  the  kidney  capillaries,  or  whether  it  Is  necessary'  to  fall 
back  upon  a  specific  stimulating  effect  exerteti  by  them  upon  the 
epithelial  cells  of  the  tubviles.  Adherents  of  the  original  Ludwig 
theor>'  are  force<l  to  explain  their  action  by  the  effect  they  pro- 
duce upon  tile  p^^ssure  in  the  kidney  capillaries,  and,  indee<l,  it 
has  l>een  shown  with  reference  to  the  saline  diuretics  that  their 
effect  upon  the  secretion  is  in  prtjportion  to  the  osmotic  plressure 
thej'  exert.  It  has  been  suggested,  therefore,  that  the  action  of 
these  diuretics  lies  in  the  fact  that  they  attract  water  froni  the  tis- 
tucs  into  the  blood  and  thus  cause  a  conilition  of  hydremic  plethora. 
But  whether  the  elimination  of  this  excess  of  water  is  due  to  fUtra- 
tion  or  to  an  active  secretion  by  the  glomerular  epitheliuju  is  a 
question  that  revives  the  discussion  that  has  been  presented  briefly 
above.  Most  fibservers  finti  that  the  vascular  changes  in  the  kid- 
ney, particularly  after  the  administration  of  caffein  and  digitalis, 
do  not  explain  satisfactorily  the  jihcnomenon  of  fliuresis,  and  al- 
though it  is  necessar>'  to  admit  that  (he  tliuretics,  or  some  of  them, 
act  in  part  by  the  changes  which  they  cause  in  the  circulation  in 
the  kidney,  it  is  not  possible  to  demonstrate?  that  all  the  phenomena 
under  this  head  ri\n  l)e  thus  explained.  The  bulk  of  the  work 
published  indicates  that  some  at  least  of  the  known  diuretics  act  as 
stimulants  to  the  secreting  cells.  In  the  case  of  the  inorganic  salts 
it  may  be  said  (Magnus)  that  there  is  for  each  salt  a  "secretion 
threshold.'*  An  increase  in  concentration  above  this  level  Icjids 
to  the  elimination  of  the  excess  of  salt  and  an  increased  secretion 
of  water. 

The  Blood-flow  through  the  Kidneys. — It  w^ill  be  inferred 
from  the  discussion  alK>ve  that,  other  coniiitions  remaining  the  same, 
the  secretion  of  the  kidney  varies  with  the  t|uantity  of  bUxKl  flowing 
through  it.  It  is,  therefore,  important  to  refer  briefly  to  the  nature 
49 
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«nci  especially  the  reflation  of  the  blood-fiow  through  tiii* 
althmipih  the  same  subject  is  referreil  to  in  coimectkm  with  Ihe 
general  desf'rijition  of  vasomotor  regulation  (see  Circulation).  Jt 
has  been  slmwn  by  Ijindergren*  ami  Tigerstedt  that  the  kiilnrj- 
is  a  ven'  vascular  organ,  at  least  when  it  is  in  stn>ng  functional  artiv- 
ity  sucli  as  may  be  proJuced  by  the  action  of  diuretics.  They  «sU- 
niate  that  in  a  minute's  time,  under  the  action  of  diuretics,  an  amount 
of  bloofi  Hows  tlirough  the  kidney  equal  to  the  weiglit  of  the  nr^; 
this  is  an  amount  from  four  to  nineteen  times  as  great  as  occurs  in 
the  average  supply  of  the  other  organs  In  the  systemic  cirrulatiou. 
Taking  liolh  kidneys  into  account,  tfjeir  ligures  show  that  (in  s(n)iig 
diuresis)  5.6  per  cent,  of  the  total  quantity  of  blood  sent  out  of  the 
left  heart  in  a  minute  may  pass  through  the  kidneys,  although  the 
combined  weight  of  these  organs  makes  only  0.56  per  cent,  of  that 
of  the  body. 

Tlie  natun*  of  (he  supply  of  vasomotor  nerves  to  the  kidnej'and 
the  conditions  wliich  bring  them  into  activity  are  fairly  well  knoviif 
OTATUg  to  the  useful  invention  of  the  oncometer  by  Hoy.    This  in- 
stnmient   is,    in    principle,   a   plethysmogmph   esixH-ially   modified 
for  use  upon  the  kidney  of  the  living  animal.     It  is  a  kidney -shaiied 
box  of  thin  brass  nia<le  in  two  parts,  hinged  at  the  back,  and  with 
a  clasp  in  front  to  hold  them  together.     In  the  interior  of  the  box 
tliin  jxritoncal  membrane  is  so  fastened  to  each  half  tlrnt  a  lay 
of  olive  oil  may  1m^  placed  l>etween  it  and  the  braas  walls.     ll»e 
is  thus  fomif^d  in  each  half  a  wift  pad  of  oil  ujx>n  which  the  kidni 
rests.     When  the  kidney,  free<i  as  far  as  pos.sible  from  fat  and 
rounding  connective  tissue,  but  with  the  bloofl-vessels  and  ner\'ei 
entering  at  the  hilus  enlirt'ly  unJnjurerl,  is  laid  in  one-half  of  tiie  o 
eometer,  and  the  other  half  is  shut  down  upon  it  and  tightly 
t-ened,  the  organ  is  sum)unded  by  oil  in  a  l>ox  which  is  li(|uid-tig 
at  even.'  jmint  e-xcept  one,  from  which  a  tul«3  is  led  oflT  to  some  suitah 
recorder  such  as  a  tambour.     Under  these  conditions  even'  inc: 
in  the  volume  of  the  kidney'  causes  a  pn)pK»rt.ional  outflow  of  oil 
from   the  oncometer,  which   is  measured    by   the    recorder,  and 
every  diminution  in  volume  is  accompanietl  by  a  reverse  chaoge. 
At  the  same  time  the  How  of  urine  during  these  changes  can 
determined  by  inserting  a  cannula  into  the  ureter  and  measurii 
directly  the  outHow  of  urhie.     By  tliis  and   other  means  i(   h 
l>een  show*n  that  the  kidney  receives  a  rich  supply  of  vasocoustrict* 
ncr%'e  fibers  that  reach  it  between  and  around  the  entering  bkj 
vessels.     Thei^e  hl>ers  emerge  fnim  the  spinal  cord  chiefly  in  tl 
lower  thoracic  spina!  nerves  (tenth  to  thirteenth  in  the  dog), 
through  the  sympathetic  system,  and  reach  the  or^^au  as  j»ostiri" 
glionic  filters.     Stimulation  of  these  nenes  causes  a  contraction  n 
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the  small  arteries  of  the  kidney,  a  shrinkage  in  vohime  of  the  whole 
organ  as  measured  hy  t\w  onronietcr  (see  Fig.  2'M),  and  a  dijuin- 
ishod  secretion  of  urine.  When,  on  the  other  hand,  those  eon- 
strirtor  fil)ers  an^  cut  tis  tliey  enter  I  he  hihis  of  the  kidney,  the  ar- 
teries arc  dilat-efi  on  aeeoiint  nf  the  removal  of  the  tonic  aetion  of 
the  coiLstript4>r  fihers,  the  organ  enlarges,  and  a  greater  (juantity 
of  bl(Kxl  [MiKSfs  through  it,  sinee  the  n'sistanee  to  (he  blood-flow  is 
(liininLshed  while  the  general  arterial  pressure  in  the  aorta  remains 
practically  the  same.  Along  with  this  greater  flow  of  hlood  there 
ia  a  marked  increase  in  the  secretion  of  urine. 

Tmler  normal  comhtions  we  must  suppose  that  these  fibers  are 
brought  into  jilay  to  a  gn^ater  or  less  e\tcnt  by  reflex  sthnulation, 
and  thus  sene  to  contn»i  the  blood-How  through  the  kidney  and 
thereby  influenee  its  functional  activity.  It  has  Ikh^h  shown,  too, 
that  the  kidney  receives  vasodilator  nerve-tilx^rs, — that  is,  fibers 
which  when  stimtilaled  directly  or  n'flexly  cause  a  dilatation  of 
the  arteries,  and  therefore  a  greater  flow  of  hlocnl  thnnigh  the  or- 
gan. Acconling  to  Hradf*jrd,  these  fiU-rs  emrixe  from  the  .sj>inal 
cord  mainly  in  the  anterior  root.s  of  the  eleventh,  twelfth,  and  thir- 
teenth spinal  nerves.  Under  normal  conditions  these  fibers  are 
proF^ably  thrown  into  action  by  reflex  stimulation  and  lead  to  an 
increased  functional  activity.  It  will  be  seen,  therefore,  that  the 
kidneys  possess  a  local  ner\'ous  mechanism  thmugh  which  their 
aecpBtory  activity  may  ]>e  incrciised  or  dijninished  hy  correspond- 
ing alterations  in  the  blood-supply.  So  far  as  is  known,  this  is  the 
only  way  in  which  the  secretion  in  the  kidneys  can  l»e  tlirectly  af- 
fect^ by  the  central  ner\'oiis  system.  It  should  l>e  home  in  mind, 
also,  that  the  blood-flow  through  the  kidneys,  and  therefore  their 
secretorv'  acti\'ity,  may  beaffettted  by  conditions  influencing  general 
arterial  pressure.  Conditions  such  as  asphyxia,  str>chnin  poison- 
ing, or  painful  stimulation  of  sensory  ner\'cs,  wluch  CAiise  a  general 
vasocoastriction,  influeufre  the  kidne\-  in  the  same  way,  and  tend, 
therefore,  to  diminish  the  flow  of  blood  through  it;  while  conditions 
which  lower  general  arterial  pn^ssure,  sueli  as  general  vascular  dila- 
tation of  the  skin  vessels,  may  also  depress  the  secretor>'  action  of 
the  kidney  by  diminishing  the  amount  of  blood  flowing  through  it. 

In  what  way  any  given  change  in  the  vascular  conditions  of  the 
body  will  influenee  the  secretion  of  the  kidney  depends  upon  a  num- 
ber of  factors  and  their  relations  to  one  another,  but  any  change 
which  will  increase  the  diiTerenee  in  pressure  between  the  blo<wl  in 
the  renal  artery  and  the  renal  veiji  will  lend  to  augment  the  flow 
of  blfKMl  unless  it  is  antagouizeil  by  a  sijnultaneous  constriction  in 
Xi\c  small  arteries  of  the  kiilney  itself.  <  >n  the  contrar\'.  any  vas- 
cular dilatation  of  the  vessels  in  the  kidney  will  tend  to  increase 
the  bloo<l-flow  through  it  unless  there  Is  at  the  stune  time  such  a 
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general  fall  of  blood-pressure  as  ia  sufficient  to  lower  the  preB»ure 
in  the  reriul  artery  and  redutre  the  driving  forre  of  the  blooii  to  an 
ext-ent  that  more  than  counteracts  the  favorable  influence  of  flimin- 
ished  resistance  in  it^s  small  arteries.  Although  the  kidney  Hfn* 
not  possess  specific  secretor)'  nerve  fil>ers  it  is  possible  thai  there 
may  be  formed  in  the  IhhIv  specific  cliemical  excitants  or  diuretirs 
belonfring  to  the  general  grou[>  of  honnones  (p.  711).  Schafer*ha* 
recently  shown  that  such  a  substance  occiirs  normally  in  the  infun- 
dilmlar  lolie  of  the  pituitur>'  pland.  and  it  i?  possible  that  the 
internal  secretion  of  this  lobe  may  piny  toward  kidney  actixity  & 
nMe  similar  to  that  of  the  adrenalin  in  muscular  metabolism. 

The  Composition  of  Urine. — 'I'he  urine  of  man  is  a  yellowish 
liquiil  that  varies  greatly  in  depth  of  color.     It  has  an  avenifrp 
sf^eciHc  gra\ity  of  l.()2()  and  usually  an  acid  reaction.     Tliiw  acui 
reaction  is  attributed  generally  to  the  presence  of  acid  phosphatfts 
particularly  acid  sodium  phosphate  (NaH,r\)^);  but,  according  to 
Folin.t  the  aci(lit\-  is  due  i>arliall\'  and  indeed  in  larger  part  to  or- 
ganic acids.     When  testetl  l)y  the  usual  indicators  (litmus)  humwi 
urine  may  show  an  alkaline  reaction,  and,  in  fact,  obsenations 
indicate   that    the   reaction    may    vaiy    in   accorrlance    nith   the 
chamct^r  of  the  food.    Among  camivora  the  urine  is  uniformly 
aci<l,  atul  ajrion^  lierljivora  it  is  alkaline  so  long  as  they  use  a  veg- 
et-uble  Lliet.     During  star%atiou,  however,  or  when  li\'ing  upon  I  lie 
mothers'  milk, — that  is,  whenever  they  are  existing  upon  a  purely 
animal  diet — the  urine  becomes  acid.     The  general  explanation  (if 
this  effect  of  fiKxl  that  has  been  suggested  (Dreclisel)  is  tliat  upuQ 
an  aniuial  diet  more  acids  are  formed  (from  the  oxidation  of  the 
sulphur  and  phosphorus  of  the  proteids)  than  in  the  case  of  the 
vegetable  foods  in  which  the  alkaline  salts  of  the  vegetable  acids 
give   rise  on  oxidation  in  the  Ixnly  to  alkaline  carbonates.    The 
kidney  separates  from  the  alkaline  (neutral)  blood  and  lymph  the 
excess  of  salts  and  thus  maintains  a  normal  balance  between  the 
acid  and  basic  e(|uivalents  in  the  blood. 

The  com|x)sition  of  the  urine  is  very  complex.  In  addition  t^ 
the  water  and  inorganic  salts  the  following  dementju  are  importantt 
namely,  urea,  the  purin  lx)dies  (uric  acid,  xanthin,  hyjK)xantliin}, 
creatinin,  hippuric  acid,  oxalic  acid  (calcium  oxalate),  sevenl 
conjugated  sulphates  and  conjugated  glycuronates,  several  aromatic 
oxyacids  and  nitrogenous  acids,  fatty  acids,  dissolveti  gases  ( N  and 
COj),  and  the  urinar>'  pigments  urochrome  and  urobilin.  This  Iii=t 
is  not  complete;  a  number  of  additional  substances  have  been  de- 
scribed as  occurring  constantly  or  occasiomilly  in  traces  witliin  itie 
limits  of  health.  Under  pathological  conditions  the  compoaitioo 
may  be  still  further  modified.  The  complexity  of  the  compositaoa 
•Schiifer  ivndWmW-  '*V\\U.TranB.  "  1906,  B.  cxcix..  K 
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be  umlerstocxi  when  it  Ls  recttl]e<l  that  through  this  organ 
eJuiiiiuited  some  of  all  the  end-pmiiucts  fonnetl  in  the  x'arious  tia-^ 
811CS.  together  with  pHxIucts  arising  fi\>in  l)at'Uirial  feniientatioii 
in  the  gaKtn>-iiitestinal  ciinal  ami  various  more  or  less  foreign  suIj- 
stan(«8  taken  with  the  Uyod,  It  is  not  poBsible  to  descrilw  all  Uia 
niuucmus  constituents  tliat  have  been  observed.  Attention  may 
\)e  ilirecte<i  to  those  that  iiuaiitltatively  or  otlienvise  are  of  cliief 
physiological  interest. 

The  Nitrogen  Elimmation  in  the  Urine. — Nearly  all  of  the  ex- 
cretion of  nitrogen  otrrura  m  the  \uiue.  In  the  metabolism  of  the 
usual  footistuffs — carbohydrates,  fats,  and  pmteiits — the  end-pixMl- 
ucts  of  their  destruction  or  physiological  oxidation  in  the  body  are 
water,  carbon  dioxid.  and  nitrogenous  waste  products  (and  sulpiuites^| 
and  phosphates  from  the  sulpliur  and  phosphorus  in  the  proteins).^* 
The  water  is  eliminated  in  (he  urine,  the  sweat,  saliva*  etc.,  and  the 
expired  air.  TheCfV^  is  elitninatetl  iti  the  expired  air.  nnsl  in  smjillcr 
part  in  dissotvwi  form  in  the  secretions  {sweat,  urine).  The  nitrog- 
enous excretion,  representini;  the  breaking  down  t>f  protein  m:Lterialt.fli| 
is  found  in  minute  part  in  the  sweat,  to  a  larger  extent  in  the  feces.  ^* 
but  in  by  far  the  main  amount  in  the  urine.  In  all  problems  con- 
cerning protein  mp-lnlvolism  in  the  body,  Iwth  as  regards  its  char- 
acter and  extent,  the  quantiliitlve  study  of  this  excretion  is  of  par- 
amount important-e.  In  orfler  tn  determine  the  total  amount  of 
protein  metabolism  it  is  customar>^  to  <ietermine  the  total  nitrogen 
eliminated  in  the  urine,  without  irgiird  to  its  specific  form.  This 
determination  is  mridc  usually  by  the  method  of  Kjeldahl.  The 
total  weight  of  nitrogen  muhiplied  by  6.25  gives  the  amount  of  pro- 
tein broken  down,  since  nitrogen  forms,  on  the  average,  16  per 
cent,  of  the  weight  of  the  protein  molecule.  In  iin  average-sized 
niiin  the  total  nitrogen  eiiminat^d  in  a  day  varies,  let  us  say,  Ix^tweon 
H  and  IS  gms..  which  would  correspond  to  8S  and  1 17  gms.  of  pro- 
tein. It  l>eing  often  necessar>'  to  dLstinguish  between  the  forms  in 
which  this  nitrogen  is  eliminated,  the  following  distinctions  are  made: 
(1)  'llie  urea  nitrogen, — that  is,  the 'nitrogen  eliniinatefl  as  urea. 
According  to  s«»me  recent  analyses  by  Folin,*  the  urea  nitrogen  in 
man  averages  87.5  |X'r  cent,  of  the  total  nitrrigen.  (2)  'Hie  am- 
monia nitrogen, — that  is,  the  nitrogen  found  in  the  form  of  lun- 
nionia  salts  which  liberate  free  ammonia  on  the  addition  of  a  fixed 
alkali.  The  proportion  of  this  anunonia  nitmgen  often  varies, 
especially  under  pathological  conditions  affecting  the  liver.  Ita 
quantitative  determination  is  a  matter  of  importance.  'Ilie  aver- 
age amount  in  health  may  be  stated  (Folin)  as  4.3  per  cent,  of  the 
total  nitrogen,  (3)  The  creatinin  nitrogen, — that  Ls,  the  amount 
excreted  as  creatinin  and  indicative  of  a  special  (muscular)  metab- 
♦*' American   PltyHiological  Journal/'   13,  45,   1005. 
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olism  (3.6  per  cent,  of  total  nitrogen).  (4)  The  purin  body  nitrogen 
(uric  acid,  xanthin,  hypoxanthin),  also  indicative  of  a  special  metab- 
olism. 

Origin  and  Significance  of  Urea. — Urea  has  the  formula,  (X>- 
N^,.    It   may  be  considered  as  an  amid  of  carbonic  acid,  and 

has,  therefore,  the  structural  formula  of  CO(^;>jh*.  It  occurs  in  the 
urine  in  relatively  large  quantities  (2  percent.).  As  the  total  quan- 
tity of  urine  secreted  in  twenty-four  hours  by  an  adult  nialc  may 
be  placed  at  from  1.500  to  1700  c.c,  it  follows  that  front  30  to  U 
gm.s.  of  urea  arc  eliniijiated  fnim  the  body  during  this  [)eri<Mi.  ll 
is  the  most  "important  of  the  nitrogenous  excreta  of  the  lx>d>',  the 
chief  pnd-produol,  so  fur  as  the  nitrogen  is  concerned,  of  the  phvs- 
iolojri<'a]  melubolUm  of  the  proteins  and  the  alliuniinoids  of  ihe 
foods  and  the  tissues.  If  we  know  how  much  nivn  Ls  j5«»crct<Hl  in  i 
given  |H»riod.  we  know  appruxiniulely  how  much  protein  has  liceti 
broken  ilown  in  the  l>ody  in  the  same  time.  In  round  numbefs. 
I  t^m.  of  protein  will  yield  J  nm.  of  urea,  as  may  Ik*  calculafx?d  easily 
from  the  umoiint  of  nitrogen  contained  in  earh.  Since,  however, 
some  of  the  nitrogen  of  ])rotein  is  eliminated  in  other  fomt**— tirir 
acid,  creatiiiiri,  etc.— even  itn  exact  determination  of  all  the  urea 
is  not  sufficient  to  determine  with  accuracy  the  total  amount  <rf 
protein  of  :i]l  kinds  that  has  been  metalxjlizcd.  This  fact  is  arrived 
at  more  ix'rfcctly,  lis  stated  alK>vc.  by  a  determination  of  the  total 
nitrogen  of  the  virinc  und  other  excretions.  In  adchtion  to  the  urine, 
urea  is  found  in  slight  quantities  in  other  secretions-  in  milk  (in 
traces)  and  in  sweat.  In  the  latter  liquid  the  quantity  of  urea  in 
twenty-four  houi-s  may  !x;  quite  appreciable— as  much,  for  instance. 
as  (KS  gm. — ^although  such  a  large  amount  is  fotmd  only  after  active 
exercise.  It  has  l)een  ascertnincii  <lefinitely  that  ut^a  u*  not  formed 
by  the  kidneys;  it  is  brought  to  the  kidneys  by  the  blood  for  elimi- 
nation. That  urea  Ls  not  made  in  the  kidneys  is  dennonst  rated 
by  such  facts  a.^  these:  If  l>lood,  on  the  one  hand,  is  irrigated  through 
an  isolated  kidney,  no  ntvii  is  formeii,  even  though  substances  (surh 
as  ammomium  carlionate)  from  which  ure-a  is  re-adily  produced  arc 
added  to  the  blood;  on  the  other  hand,  urea  is  constantly  present 
in  the  lilood  (0.0348  to  0.b529  per  cent.1,  and  if  the  two  kidne>-s 
are  removcLl.  Jt  continues  to  accumulate  steadily  in  the  blood  as 
long  as  the  animal  survives.  It  has  been  ascertained  that  the  uren 
is  produced  in  part  in  the  liver.  The  most  imjxirtant  questions 
to  be  decitled  are:  Through  what  steps  is  the  protein  molectik? 
metaboli2e<i  to  the  form  of  urea?  and  Wliat  is  the  antece<lent 
substance  birjught  to  the  liver,  from  which  it  makes  urea?  It  is 
impossible  to  answer  these  questions  perfectly,  but  recent  investi- 
gations have  thrown  a  great  deal  of  light  on  the  whole  process^ 
and  they  give  hope  that  before  long  the  entire  histor>'  of  the  derivs- 
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tion  of  urea  from  proteins  and  albuminoids  will  be  knonn.  The 
results  of  tliis  work  may  l>e  .stated  tjtiefly  a.s  f<iIlo\vs; 

1 .  Urea  arises  from  ammonia  suits  uhicli  in  the  liver  ure  converted 
to  ureJi  by  a  pitK^ess  erjuivalent  to  dcliydrution.  It  has  long  l>een 
known  that  when  ammoniuni  carbonate  is  adde^^l  to  l>loo<l  perfusetl 
through  a  liver  it  is  convertetl  to  ut^a.*  The  reaction  may  l^e 
represented  as  follows: 

Ammuoiuin  CKrbunalr.  Vrva. 

Moreover,  the  experiments  made  by  Hahn.  I'awlow,  Massen.  and 
Nencki  t  show  that  in  dogs  i-emoval  of  the  liver  is  foIUnvod  by  a 
decrease  in  the  amount  of  ui-ea  in  the  urine  and  an  increase  in  the 
Ammonia  contents.  In  these  remarkable  experiments  a  fi>tulu 
(Eck  tistubi)  was  made  l)etween  the  ixti'tal  vein  and  the  inferior 
vena  cava,  the  result  of  which  was  that  the  whole  portal  eirculationof 
the  liver  was  abolished,  the  organ  j-eceiving  blmxi  only  by  way  of 
the  hepatic  artery.  If  now  the  hitter  artery  was  ligated  and  the 
liver  was  cut  away  as  far  v^  jxjssible,  the  result  was  practically  a 
compete  extirpation  of  the  organ.  Later  investigations  J  showed 
that  in  normal  animals  the  ammonia  contents  of  the  blfxid  of  the 
portal  vein  may  bf  thr^ee  tti  four  Hme-s  as  great  as  in  aiteiial  i>lood, 
but  that  after  removal  of  the  liver  the  ammonia  in  the  general 
circulation  increase.s  t^^  a  point  equal  to  that  oliserved  for  (he 
portal  blood  and  proiluces  symptoms  of  poisoning  which  may 
result  fatally.  It.  woulilsecm.  therofore.  that  the  liver  pmtectjs  the 
body  from  the  poisonous  action  of  the  ammonia  compounds  by 
converting  them  to  urea.  Now  in  the  normal  digestive  hyilmlysis 
of  proteins  brouglit  aliout  by  the  successive  action  of  pepbin,  trypsin. 
and  erepsin  the  evidence  at  present  indicates  that  the  protein 
nuiterinl  is  split  largely  or  entirely  into  its  constituent  elements 
and  its  nitrogen  appears  mainly  in  three  forms — as  ammonia,  as 
monamino-acids,  and  as  diamino-lKxlies.  The  ammonia  producefl 
is  probalily  carried  to  the  liver  and  there  converted  to  urea.  In 
what  form  the  ammonia  exists  in  the  hk>ofi  is  not  positively  known: 
it  may  be  present  as  a  carlxmate  or  possibly,  ius  some  observers 
have  thought,  as  a  carbamate.  Ammonium  carbamate  might  Ije 
changed  to  urea  according  to  the  following  reaction  : 

co<'^N«;-H,o  =  co^^H;. 

Ammonia  salts  may  arise  similarly  in  the  other  protein  tissues 

•.Schroedrr,  "Archiv  f.  exp.  Pathol,  n.  Pharmakol.."  voU.  xv.  andxix., 
1882   188  V 

t  Sw  'Arcliiv  f.  fxp.  Pathol,  u.  Pharmakol..'  IS9.1.  \xxii..  Ifll. 
See  XetickJ  and  Pawlow,  "^Vrchivcfl  dea  sciences  biologiquei/*  v.,  213. 
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of  the  body.  It  is  known,  for  instance,  that  the  percontnge  of 
ammonia  compounds  in  Ihe  tissues  is  greater  than  in  llic  hlood. 
Sini*e  the  ccIIh  of  many  of  the  protein  tiRsup.*^  of  the  fKxiy  coniain 
intrucellular  enzymes  raptible  of  caut-ing  hydroiytic  cleavage  t»f  Ihe 
protein  molecule  it  is  j)rohabIe  that  some  ammonia  may  be  thus 
formed  in  various  parts  of  the  body:  and  so  far  as  it  is  produred 
it  will  l>e  conve»t€d  Uy  urea  by  the  action  of  the  liver  and  possibly 
by  a  similar  action  in  other  tissues. 

2.  Urea  arises  from  the  monamino-acids  by  a  process  of  desmi- 
dization,  whereby  the  NH^  group  is  converted  to  ammonia  and 
then  probably  to  urea.  Tt  i.s  known,  for  example,  that  when  a 
mr>n!imTno-iV'id  such  as  glycocoll  or  leucin  is  ^ven  to  an  animal  the 
nitrojren  of  the  compound  in  promptly  eliminated  as  urea.  .Since, 
as  stutc<l  above,  these  monaraino-acids  form  the  chief  constituent 
of  the  end-products  formed  in  the  digestion  of  proteins,  it  is  very 
probable  that  in  passing  through  the  liver  their  nitrogen  is  remo\*e<l 
by  a  process  of  deamidization  and  eliminate<l  as  ui-ea.  Theorjciinic 
acid  radicle  that  remains  may  suffer  oxidation  an<l  thereby  furnish 
heat  energ>'  to  the  body,  or  it  may  possibly  l>e  stored  after  synthesis] 
as  carbohydrate  (glycogen)  or  as  fat.  Doubtless  also  in  the  met- 
abolism of  the  proteins  of  the  tissues,  as  in  the  digestion  of  Ih*] 
fotxi  proteins,  monamino-acids  are  likewise  formed  and  suffer 
similar  fate,  so  far  as  the  nitrogen  is  concerned. 

3.  Urea  arises  from  the  diamino  l:)odie9  (arginin).  fomied  in  tl 
clea\'age  of  the  proiein  molecule,  by  conversion  of  the  containt 
guanidin    radicle.     Kossel    and    Dakin  *    have    demonstrate*!  the 
existence  of  a   ferment,    arginase.   which   is  capable  of  splitting 
arginin  into  urea  and  ornithin.     The  reaction  may  be  repres»ented| 
by  the  following  equation: 

ArKiniii  (guauidin  diamiao-valeriauic  add.  Urvft.         Dimmino-valeriftfiie  arid. 

Unlike  cases  1  and  2  the  urea  in  this  instance  i.s  forrae*!  directlj 
from  the  guanidin   residue   containetl  in  the  arginin.    Since  thi»j 
latter  substance  constitutes  one  of  the  split-products  of  the  proteiaj 
during  digestion  and   probably  also  one  of  the  spIit-pro<lurls  iil] 
the  metabolism  of  the  proteins  of  the  tissues,  there  is  reason  t< 
believe  tliat  part  of  the  urea  actually  formed  in  the  body  arises 
by  this  method. 

4.  Urea  arises  from  a  further  metabolism  of  uric  acid.  As 
stated  below  in  describing  the  history  of  the  origin  of  uric  acid 
there  is  positive  evidence  that  not  all  of  the  uric  acid  produced 
in  the  body  is  excreted  as  such.  A  portion  is  f\irther  acted  upon 
by  a  uricolytic  enzjTne  and  converted  to  urea.    The  portion  so 

*  'Zeitschrift  f.  Physiol.  Chemie,"  1904,  xlii..  181. 
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affected  variej^  in  different  animals.  In  miin  it  is  estimatni  tluit 
ubnut  one-half  of  the  uric  aciil  arising  in  the  body  metuljolisni 
proper  (endogeneoiis  niic  ncidl  suffers  this  fate. 

It  Is  a  verj'  sijpiificunt  fact  that  the  relative  and  al>solute  amount 
of  urea  nitrogen  in  the  urine  varies  directly  with  the  amount  of 
protein  taken  as  food,  while  other  nitrogenous  constituents  of  Ihe 
urine  (creatinin,  purin  bases)  are  practically  not  affected  by  the 
food,  if  care  is  taken  to  have  the  food  free  of  these  substances  to 
bepn  with.  Folin  has  laid  emphasis  upon  this  fact,*  and  suggests 
that  most  of  the  urea  may  come  dire<*tly  from  protein  of  the 
food  which  is  hytSrolyzed  during  ttigestion  and  alisoiption  (action 
of  tiTpsin  and  erepsin)  into  simpler  amino-acids.  These  amino- 
lx)dies  by  further  hyilrolysis  and  oxidation  may  \'te  converted,  so 
far  as  their  niti*ogen  is  concerned,  into  anmionia  compouncis  and 
eliminated  at  once  as  urea  by  the  liver  without  entering  into  tissue 
f<»rraation  at  all. 

Even  after  the  removal  of  the  liver  some  urea  is  still  found  in 
the  urine.  It  seems  as  thoiiph  the  urea-fomiinj:  power  of  the  liver 
is  shareil  by  some  of  the  other  tissues,  just  as  its  glycogenic  functions 
are. 

Origin  and  Significance  of  the  Purin  Bodies  (Uric  Acid, 
Xanthin,  Hypoxanlhin,  Adenin,  Guanin).  These  lx>die.s  are 
related  chemically,  and  appear  also  to  have  a  common  physiological 
significance.  Their  chemical  relations  have  been  descrilied  by 
Emil  Fiseher.  to  whom  we  owe  the  term  purin  bodies.  Fischer 
pointed  out  that  these  an<l  other  substances  belonging  to  this 
group  have  u  common  nucleus: 
N  — C 

C      C  —  N.         which     he     nametl     the     purin     nucleus.     The 

hydrogen  compoimd  of  this  nucleus  would  be  designated  as  purin, 

N  -  CH 

and  would  have  the  fonnula:    HC      C— XH     ,  C.H.N. .    Addi- 

N  —  C  —  N^H 
tion    of    an    atom    of    oxygen    gives    hypoxanthin,    C^H^N^O: 
HN  — CO 

HC       C  — NH 
'•         '•  ^CH. 


Ihin,  C.H^N^O,:    CO 


Addition  of  two  atoms  of  ox>'gen  gives  xan- 

HN  — CO 

I 


d- 


NH 


*  Folin, 


HN  —  C  —  S^^ 

American  JounuU  of  PhyEiotogy. 


And  addition  of  three  atoms 
13.  117,  1905. 
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HN— CO 

of  oxjgen  gives  uric  acid,  CjH^NjO,:  0C>       C— NH        ,  which 

iJn— C  — NH 
from  this  stand|x)int  might  he  named  triox>T>urin.  If  one  of  theH 
atom.s  in  the  purin  i^  sul>5titute<i  hy  an  amino-group.  XH,.  the  rom- 
pound,  adenin  (C^H^N,,),  is  obtained,  and  the  substitution  of  an 
NHg  group  in  hypoxanthin  gives  the  compound  guanln  (CjH^N'iOl. 
Moreover,  caffein.  the  active  principle  of  coffee  and  tea.  and  tbeo- 
bromin,  the  active  principle  of  cocoa,  are  i'especti\ely  trinielhyl 
and  dinietliyl  convpounds  of  xanthin.  We  have  to  distinguish, 
thei'efore,  three  cliusises  of  purin  compounds,  namely,  the  ojifptuimf 
comprising  monoxypurin  or  hypoxanthin,  dioxypurin  or  xanlhin. 
and  trioxypurin  or  uric  acid:  the  aminopurirw.  comprising  adenin  or 
aminopiirin  anil  guania  or  aminoh^-poxanthin.  and  the  mrth/i- 
purirus,  comprisitig  raffein  or  triinethyl  xanthin  (r^H,yN,0,  or  C^H- 
(C1I.^),^N,0,)  and  theohromin  or  dimethyl  xanthin  (C.H^N^O.  or 
C,H^(CH^)^N,02''  ^'^■'i'^  acid,  xanthia,  and  hypoxanthin  are  found 
constantly  in  the  urine  and  in  the  feces  small  amounts  of  xanthin. 
hypoxanthin,  adinin,  and  guanin  may  also  occur.  It  has  l.icen 
pointed  out*  that  these  substances  come  partly  from  purin  IxKiiei 
taken  as  food.  If  materials  containing  the  purin  bodies,  such  BS 
meat,  are  fed,  these  lx)dies  are  excreted  in  part  in  the  urine.  It  is 
|)roposcnl  to  ile«ignate  the  uric  acid,  etc.,  that  has  this  origin  as  the 
exogenous  purin  niatenah  A  portion  of  the  amount  daily  Kn-ivted 
comes,  however,  from  a  metaboliHra  of  the  protein  material  of  the 
body,  and  this  portion  may  l>e  distinguished  as  the  enflogenous  purin 
bodies.  Tfiis  Jatter  amount  is  found  to  l)e  practicnlly  constant, 
0.1.^1  til  0.20  gni.  jK^r  day  for  any  one  individual,  and  the  iimount  w 
not  affected  by  <'hange>f  in  the  (juantity  or  character  of  the  focni, 
but  varies  within  certain  limits  witli  the  miuiuer  of  life.  Kvidently 
the  endogenous  purin  nitrogen  represent.s  a  special  metaboUsm. 
probably  of  the  living  tissues,  that  goes  on  independently,  in  grejit 
measure,  nf  the  mere  oxidation  of  UkhI.  Since  the  purin  J»rMiie« 
may  be  obtainecJ  readily  by  hydrolytir  cleavage  of  the  nurlcin  or 
nucleic  acid  constituent  of  the  nuchH>protoins.  ami  since  nucleo- 
protein  material  or  nucleins  when  fed  to  animals  cause  on  Lnrrea^e 
in  the  anKiunt  of  purin  nitrogen  eliminated  in  the  urine,  it  is  most 
probable  that  in  the  iMMJy  these  purin  bases  repit?sent  the  end- 
protlucts  of  the  metabolism  of  nuclein  mat-erial.  The  ini<»rmefhate 
processes  in  this  metabolism,  whether  it  affect^s  the  nuclein  taken 
food  or  the  nuclein  contained  within  the  tissues  of  the  l»ody,  are 
supposed  to  lake  place  according  to  the  following  general  schema: 

*  See  Burian  and  Scliur,  "Archiv  f.  die  gcsammte  Phyaiologie. "  94,  273. 
1903. 
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The  nucieirxs  that  are  split  off  from  the  nurleopmtein  an?  nviiHi 
upon  first  by  an  enzyme,  nuclease,  whk*h  huA  Iwen  iJemonst rated  to 
ejti^st  in  various  tissues,  e.  tj..  in  the  spleen,  liver,  kings,  ami  kidneys. 
Hy  the  action  of  this  enzyme  the  niK-lein  is  split  with  the  foinmuoa 
of  some  <ff  the  purin  l>odie?^,  adenin,  guanin.  xanthin,  or  hyjxjxan- 
thin.  The  adenin  and  guanin  are  then  deainidized  and  converteci 
respectively  to  hypoxanthiii  and  xanthin.  Jones  *  ha.s  given  reastjns 
to  believe  that  two  specilic  deauiidizing  enzymes  of  this  character 
may  exist  in  the  body,  namely,  adaia.sc  and  guanase.  Their  action 
may  be  represented  by  the  following  equations : 


C.H^N.  ^  H,0 

Auraiii. 


H>7>ux»nll>in. 

-  C,H,NA  -  XH, 

XantUin. 


The  hypoxanthin  and  xanthin  thus  forme<l  are  in  turn  oxidized 
to  uric  acid  by  the  action  of  an  oxidase  to  which  the  specific  nan^e 
ot  xanthinoxidasv  ha-s  l>een  given.  Its  action  upon  the  hypoxantliin 
or  xanthin  is  represented  by  the  series: 


ftj'pa  xanthin. 


C.H.N.O, 

Xantliw. 


o 


Xanthin. 
L  ric  a«'icL 


Finally,  as  stated  above,  it  can  be  shown  that  a  portion  of  the  uric 
acid  may  l)e  further  melal>olized  by  the  action  of  a  stjecific  urko- 
lytic  cnzffme  and  give  rise  to  urea.  The  |5ort ion  of  the  uric  aci<l  under- 
going this  liist  change  varies  in  difTcrenl  animals,  ixs  may  l»e  demon- 
strated by  giving  definite  amounts  of  uric  acid  in  the  food.  Ex- 
periments of  thi.s  kind  have  shown  that  in  man  alx>ut  one-half 
of  the  uric  acid  formed  gives  rise  to  urea,  while  in  dogs  antl  cats 
only  about  -tV  suffers  this  change.  In  rabbits  the  proportion  is  |. 
Ac<tonling  to  a  former  view  (Horbaczewsky)  it  was  supposed  that 
the  endogenous  purin  nitrogen  represents  an  end-pro(!urt  of  the 
metabolL^m  of  the  nudein  found  in  the  nuclei  of  ceils.  es[>ecial!y 
in  the  niiclei  of  tlie  leuco<"yteH.  But  Burian  hiis  Hhf)wn.  on  the 
<X)ntrary,  that  most  of  this  nitrogen  in  the  excreta  arises  fn»m  a 
metal)olism  in  the  muscular  tissues.t  Increased  muscular  activity 
is  followed  within  an  hour  or  two  by  an  increased  output  of  uric 
acid,  and  when  an  isolatetl  muscle  is  perfused  with  a  mixture  of 
defibrinated  l)loo<l  and  Ringer's  solution,  uric  acid  is  given  off  to 
the  circulating  liquid.  When  the  muscle  under  these  last-mentione<l 
conditiotLs  is  made  to  work  a  distinct  increase  in  the  hypoxanthin 
and  uric  acid  can  lie  determined.  It  would  seem,  therefore,  that 
under  normal  conditions  the  uric  acid  and  other  purin  ba.ses  are 

•  Jonra  and  Aust.rian.   'Zeit«chrift  f.  physiol.  Chem.."  UK)6.  xl\'iii..  110. 
t  Burinn.    *Zeit«clirift  f.  phy»iol.  Chemie..  xliii.,  p.  532. 
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derived  niainly  from  a  metabolism  of  the  muscular  substance 
whereby  bypoxaiithin  is  producetl.  This  sul^tance  is  then  o\idiMsd 
to  uric  u('i<l  am!  a  part  of  the  urir  iiv'id  is  further  changed  lo  urea.* 

Origin  and  Significance  of  the  Creatinin. — CreflTinin 
(CjHtN^O)  occurs  in  the  urine  and  it  has  been  assumeil  ihta 
it  is  derived  from  the  creatiu  (C^H^NjOJ  found  in  muscle.     Iia 

NH  — CO 
Structural  formula  la  given  as  NHC/^  I       ami  Jt«  chemical  i^- 

^X(CH3)CH, 
lations  are  indirated  by  the  fact  that  it  may  be  prepared  synthetically 
from  methyl-glycocoll  and  cyanamid, — that  is,  the  union  of  tlieae 
two  substances  gives  creatin,  from  which  in  tiun  creatinin  may  be 
obtained. 


N=C-NH,    +     NH(CH.)CH,CO0H   =   NHC<NHj„^,cg^coOH? 

Cyimaoiid.  Mctbyl-ElycocoU.  Oaatin. 

Creatinin  occurs  in  the  urine  constantly  and  in  amounts  equal 
1   to  2  gms.  per  day.     Next  to  the  urea  and   the  amninnta  cojihJ 
pounds  it  forms  the  must  important  nitrogenous  constituent  of  tl 
urine.     Its  physiological   history   is   imperfectly    knowTi.    Underj 
constant  conditions  of  life  the  amount  of  creatinin  is  independetit 
of  thctinuntity  of  protein  eaten,  and  thii;  fact  indicates  (Folini  that 
it  representfi  an  end-product  of  the  metabolism  of  li\  in;!  or  organized 
protein  tissue  rather  than  one  of  the  results  of  the  metabolism  of  ihej 
food  protein.     Everything  would  indicate  also  that  this  sub^tuncftj 
originates  in  the  muscular  tissue.     Creatin  is  a  constant  and  ronaid-' 
erable  constituent  of  muscle,  and  a  fair  inference,  therefore,  is  thai. 
it  originates  in  tliis  tissue  from  the  ratabolLsm  of  the  muscle  s»l>-| 
stance,  and  is  i^vibsequently  given  lo  the  blood  and  excreted  as  crea* 
tinin.     A  difficulty  in  regard  to  this  last  hypothesis  is  found  in  lh« 
fact  that  the  mass  of  muscular  tissue  in  the  body  contains  a  relatively 
large  amotmt  of  rreatin   (90  gms.)  and  yet  only  1  to  2  gms.  are 
excreted  in  the  urine  during  the  day.     On  account   of  this  dis- 
proportion it  has  been  suggestetl  that  some  of  the  creatiu  may 
be  converted  to  urea,  but  no  proof  has  l)een  furnished  as  yet  that 
the  bn<ly  can  acrnniplish   this  transformation.     Creatin  given  in 
the  food  is,  according  to  .some  observers,  eliminated  as  creatinin. 
Folin,  however,  finds  that  when  creatin  in  not  too  large  amounts  is 
given  to  an  individual  living  on  a  low  protein  diet  none  of  it  appean 
in  the  urine  as  creatinin.     On  the  contrary*,  when  rreatinin  is  fed 
most  of  it  may  be  recovered  as  creatinin  in  the  urine.    This  observer 
finds  that  the  conversion  of  creatin  to  creatinin  is  a  matter  of 
Bome  diffi<nilty.    According  to  his  experiments  this  converedoa  i» 

*  For  R  revirw  of  the  pxtenitive  literature  Bee  Block,    "BiocheniiKbv 
Centralblatt, "  UKRi,  v.,  Nos.  12-14. 
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mode  by  the  IxHly  anil  hence  muscular  creatin  is  probably 
an  antecedent  sulwtance  to  the  urinary  croatinin.*  As  is  descril^ed 
in  the  section  on  Nutiitton.  it  itj  known  that  increa;sed  muscular 
work  may  or  may  not  increase  the  nitrogen  output  in  the  urine 
according  to  the  diet  used.  Several  observers  have  claimed  that 
muscular  activity  increases  the  amout»t  of  creatinin  in  the  urine, t 
hut  the  inci"ease  is  not  so  ilLstinrt  nor  so  invariable  that  one  may 
conclude  satisfactorily  that  it  is  due  to  actual  increase  in  production 
in  the  muscle.  Others  state  that  the  increase  is  observable  only 
after  excessive  muscular  activity. 

Hippuric  Acid. — ^lliis  substance  has  the  formula  C,H^Oj,.  II 
molecular  structure  is  known,  since  u|x)n  decomposition  it  yields 
benzoic  acid  and  glyeocoll,  and,  moreover,  it  may  he  produced  8>ti- 
thetically  by  the  union  of  these  two  substances.  Hippuric  acid 
may  be  describetb  therefore,  as  a  l)enzoyl-aniino-acetic  acid  (CHj- 
NH[C4HjC()]C0(>H),  It  is  fouml  in  considerable  quantities  in  the 
urine  of  herbivorous  animals  (1.5  to  2.5  per  cent.),  and  in  much 
amaller  amounts  in  the  urine  of  man  and  of  the  camivora.  In 
human  urine,  on  an  average  diet,  about  0.7  gm.  are  excreted  in 
twenty-four  hours.  If  the  diet  is  hir^ely  vegetable,  this  amount  may 
be  much  increase*!.  This  la.st  fa<'t  is  readily  explainetl.  for  it  luts  Ix^n 
found  that  if  iKjnzoic  acid  or  substances  containing  this  grouping 
are  fed  to  animals  lhe\'  appear  in  the  urine  as  hippuric  acid.  Evi- 
dently a  synthesis  occurs  in  the  body,  and  Bunge  and  Sclimie- 
deljerg  proved  conclusively  that  in  dogs  the  union  of  benzoic  acid 
and  glycocoU  to  form  hippuric  acid  takes  place  in  the  kidney 
itself.  I*at«r  it  was  discovered!  that  the  same  s>nthesi.s  may  be 
effected  by  ground-tip  kidney  tissue,  mixed  with  blcKxl  and  kept 
under  oxygen  pressure.  It  seems  possible,  therefore,  that  the 
synthesis  is  due  to  some  specific  constituent  of  the  kidney  cells, 
possibly  an  enz>Tne.  \'egetable  foods  contain  benzoic  acid  com- 
poimds,  and  we  can  understand,  therefore,  why  when  fed  they  in- 
crease the  hippmric  acid  output  of  the  urine.  Since,  however,  in 
starving  animals  or  anin»als  fed  upon  meat  hippuric  acid  'm  still 
present  in  the  urine,  although  reduced  in  amount,  it  is  evident  that 
it  arises  in  part  as  a  nesult  of  the  body  metabolism.  It  sliould  be 
added  finally  that  some  of  the  hippuric  acid  may  be  derived  from 
the  pnx*ess  of  pnUein  putrefaction  that  occurs  in  the  large  intestine. 

The  Conjugated  Sulphates   and   the  Sulphur   Ejicretion. — 
The  sulphur  excretion  of  the  urine  j)osse>wtw  an  inijx)rtance  similar 

•  Kolin.  "  I'*e«t«chnft  fiir  Olnf  Hfimmarsien, "  Tjisaln,  190H. 

tCireeor.  "Zeitachrift  f.  physiol.  riicrnif."  31.  98.  1900. 

t  BaaWora  andCnimw,   'Zeitachrift  f.  physiolog.  Chemic."  35,  324.  1902. 
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to  tliAt  o(  nitrogen.    Sulphur  copstitutes  an  element  in  moet  of  the 
pffotcsna,  and  in  aome  form,  therefore,  it  will  be  represented  in  the 
cnd-prodocts  ctf  protein  metabolism.    The  sulphur  elimination  m 
the  arine,  ^ixe  the  nitrogen  eliminaiion,  has  been  taken  as  u  me^iMire 
of  the  amount  of  proCesn  destruction.     In  the  urine  the  sulphur 
occurs  in  three  forms:    (1)  In  an  oxidi2ed  form  as  inorganic  sul- 
phates.   Sotne  of  the  sulphates  are  undoubtedly  deriveil  or  may  b«^ 
derived  from  the  mineral  sulphates  ingested  with  the  footl,  but  the! 
larger  part  arises  from  the  oxidation  of  the  tnilphur  of  the  proteins., 
(2)  The  so-eaOed  conjugated  or  ethereal  sulphates  are  iH>m1.>inatioT 
between  sulphuric  acid  and  indoxyl.  skato^vl,  phenol,  and  cre^olj 
^ving  us  pbenolsulphuric  acid  (C^HiOSOjOH),  cresolsulphurir  aci 
(C-H,08O.OH».  indoxylsulphuric  acid  or  indicaii  (C,H.\0:5(.)jC»H), 
and  skato'xytsulphuric  arid   (C^H^NOSOjOHK     The  indol.  skaloji 
phenol,  and  cresol  are  formed  in  the  large  intestine  aj*  a  result  of  l.>a< 
terial  piiti^artion.     lliey  are  eliminated  in  part  in  the  feces,  bx 
m  part   are  abeorfoed  into   the   bkxKl.  and    after   oxidation  ani; 
Cfuiju^ted  with  srdphuric  acid  and  eliminated  in  the  urine, 
proems  of  conjugation  is  valuable  from  a  ph\'^ologieal  standpoint 
as  it  cun\'ert.^  sulistances  ha\'ing  an  injurious  action  into  luinuU 
compounds.     It  should  be  added,  also,  that  to  a  small  extent 
phenol.  indox>'L  and  skatoxyl  may  be  secreted  in  the  urine  as  ooi 
jugated  ^ucuit)nates, — that  is,  in  combination  with  glycuronic 
(C^Hj^Oy),  a  rerlucin^  substance  closely  connected  with  dexl 
From  a  nutritional  standpoint  the  amount  of  these  substances  pres- 
ent furnishes  a  measure  of  the  extent  of  protein  putrefaction  in  the^ 
intestine,  by  \irtue  of  the  indol  and  phenol  constituents.    All 
(Utions  that   increase   the  putrefactive  processes   in   the  intcstu 
ore  accompaniefl  by  a  parallel  increase  in  the  ethereal  sulphat 
By  virtue  of  the  sulphuric  acid  component  these  IkkIics  reprcsei 
also  one   of  the   forms  in    which   sulphur  is  excreted  from 
body.    (3)  Some  of  the  sulphur  in  the  urine  may  occur  in  anoxic 
ized  form  as  sulphocyanirl  or  as  ethyl-sulphide  (Al>el)  ([CjHJjS). 
I'nder  certain  pathological  conditions  (cystinuria)  some  sulphur  may 
be  excreted  in  the  form  of  cystin,  but  this  is  not  a  nonnal  con- 
stituent of  the  mine.     For  other  most   interesting  and  ^gnificant 
changes  in  the  composition  of  the  urine  under  pathological  condi- 
tions reference  must  be  made  to  special  works  upon  the  urine  or 
u|K»n  pathological  chemistrv*. 

Water  and  Inorganic  Salts. — Water  is  lost  from   the  bodj 
through  three  main  channels,— namely,  the  lungs,  the  skin, 
the  kidney,  the  last  of  these  being  the  most  important.     The 
tity  of  water  lost  through  the  lungs  probalily  varies  within 
limits  only.    The  quantity  lost  through  the  sweat  varies.,  of  coui 
With  the  temperature,  with  exercise,  etc.,  and  it  may  be  said  U 
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the  amounts  of  water  secreted  through  kidney  and  skin  stand  in 
Bomcthinp  of  an  inverse  proportion  to  each  other;  thiit  is,  the  greater 
the  quantity  last  through  the  skin,  the  les-s  will  l)e  secreted  hv  the 
kidneys.  Through  these  ttiree  organs,  but  mainly  through  the 
kidneys,  the  hlood  is  fx^ing  continually  depleted  of  water,  and  the 
loes  must  Ix?  made  up  by  tlip  ingestion  of  now  water.  When  water 
is  s^'allowed  in  excess  tlic  sujierHuoiis  amount  is  rapidly  eliminated 
through  the  kidneys.  The  amount  of  water  secreted  may  be  in- 
creased by  the  action  of  diuretics,  such  as  potassium  nitrate  and 
cafTein. 

The  inorganic  salts  of  urine  consist  chiefly  of  the  chlorids,  phos- 
phates, and  sulfthates  of  tlic  alkalies  and  the  alkaline  earths.  It 
may  be  said,  in  general,  tliat  they  arise  partly  from  the  salts  ingested 
with  the  food,  and  are  eliminated  from  the  blood  by  the  kidney 
in  the  water  secretion;  and  in  part  they  are  formed  in  the  de.stnic- 
live  metabolism  that  takes  place  in  the  bod}',  partuularly  that 
involving  the  proteins  and  relate<i  Ixjdies.  Sodium  rhlorid  occurs 
in  the  largest  quantities,  averaging  alx)ut  15  ^ima.  per  day,  of 
which  the  larger  part,  doubtless,  is  derived  directly  from  the  salt 
taken  in  the  food.  The  phnspfuites  occur  in  combination  with  cal- 
cium and  miignesium.  but  f  bieHy  ns  the  acid  pho.sphates  of  sodium 
or  potassium.  The  acid  reaction  of  the  urine  is  usually  attributed 
to  these  latter  substances.  The  phosphates  result  in  part  from  the 
destruction  of  phosphorusH-ontMininj:  (issues  in  the  body,  but 
chiefly  from  the  phosphates  of  the  f(K>d,  The  sulphates  of  urine 
are  found  partly  in  an  oxidized  form  iis  simple  sulphates  or  con- 
jugated with  organic  compoimds*  as  de^scriljed  alx)ve. 

Micturition,— The  urine  is  secreted  continuously  by  the  kid- 
neys, is  canieii  to  the  bladder  thrtniKh  the  ureters,  and  is  then  at 
intervals  fimilly  ejected  from  the  bladder  through  the  urethra  by 
the  act  of  micturition. 

MovemmUs  of  the  Ureters.—The  ureters  possess  a  muscular  coat 
consisting  of  an  internal  lontrituilinal  and  external  Hrcular  layer. 
The  contractions  of  this  nuiscular  coat  form  the  means  by  which 
the  urine  is  driven  from  the  jjclvis  of  the  kidney  into  the  bladder. 
The  movements  of  the  ureter  ha\'e  l>e€n  carefully  studietl  by  Engel- 
mann.*  According  to  his  description,  the  muerulature  of  the  ureter 
contracts  spontanecjusly  at  inter\'als  of  ten  to  twenty  seconds  (rab- 
bit), the  contraction  l;)eginning  at  the  kidney  and  progressing 
toward  the  bladder  in  the  form  of  a  jierisUilt ic  wave  and  with  a 
velocity  of  about  20  to  .'iO  nuns.  i)er  second.  The  result  of  this 
movement  should  Iw*  the  forcing  of  the  urine  into  the  bladder  in  a 
series  of  gentle,  rliytlmucal  spurts,  and  this  method  of  filling  the 


•  "  PBufer's  Archiv  f.  die  gesummte  Physiolope, "  2,  243,  1869,  and  4. 38» 
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bladder  has  been  obsen'ed  in  the  human  Ijeing.  Suter  ami  Mayw* 
report  sniiie  ol)sen^atiniis  iijx)u  a  l>oy  in  wlioni  there  was  ectopia 
of  the  blutlder,  with  exi>uBure  of  the  orifices  of  the  ureters.  The 
flow  into  the  bladder  was  iiitemiittent  and  was  alx>ut  et^uui  upon  th» 
two  sirles  for  the  time  the  eiiikJ  was  under  olj9er\'atif)n  (three  and 
a  half  days). 

The  eausation  of  the  contractions  of  th&  ureter  niusculatun? 
not  easily  explained.  Eugelinann  finds  tliat  urtiiicia!  stiinulaii 
of  the  ureter  or  of  a  piece  of  the  ureter  may  start  peristal  tic 
tractions  which  move  in  both  directions  from  the  point  stimulated,' 
He  was  nrft  able  to  fmd  ganglion  cells  in  the  upjjer  two-thinis  of  tha 
ureter  an<l  was  led  to  l>elieve,  therefore,  that  the  contraction  orij5» 
inatcs  in  the  muscular  tissue  independently  of  extrinsic  or  intriiks 
nerves,  and  that  the  contraction  wave  prDj>agaics  it.seif  ditcctljl 
from  muscle  cell  to  muscle  cell,  the  entire  musculature  l>ehftvi 
as  though  it  were  a  single,  colossal,  hollow  muscle  fiber.  The  liber- 
ation of  the  stimulus  wliich  inaugunites  the  normal  peri^tt&lflis 
of  the  ureter  seems  to  Yte  connected  with  the  accumidation  of  urine 
in  its  upper  or  kidney  portion.  It  may  be  supposed  that  the  urine 
thut  collects  at  this  point  as  it  flows  from  the  kidney  stimulfttce 
the  muscular  tissue  to  contraction,  either  by  its  pressure  or  in  some 
other  way.  anil  thus  leads  to  an  orderly  sequence  of  conimctioii 
waves.  It  is  possible,  lujwever,  that  the  muscle  of  the  ureter,  like  that 
of  the  heart,  Is  sjwntaneoiLsly  contractile  under  nonnal  condiiioui^ 
and  does  not  depend  up<jn  the  stinuilation  of  the  urine.  Thus, 
according  to  Kngelmann,  section  of  the  ureter  near  the  kidney  does 
not  materially  affect  the  nature  of  the  contractions  of  the  stump 
attached  to  the  kidney,  although  in  this  case  the  pressure  of  the 
urine  could  scarcely  act  as  a  stimulus.  Moreover,  in  the  caae  fl£ 
the  rat,  in  which  the  ureter  is  liighly  contractile,  the  tube  , 
cut  into  several  pieces  and  each  piece  will  continue  to  exhibit 
ical  ]>eristaltic  contractions.  It  does  not  seem  possible  at 
to  decide  between  these  two  views  as  to  the  cause  of  the  caotntf- 
tions.  The  nature  of  the  contractions,  their  mode  of  pmgrmriinn, 
and  the  w*ay  in  which  they  force  the  urine  through  tlie  ureter  smb. 
however,  to  be  cleariy  established.  Efforts  to  show  a  reguburr 
action  upon  these  movements  through  the  central  nervous  s>-slan 
have  so  far  given  negative  rpsidts. 

MowmetUs  oj  the  Blnddir. — The  bladder  contains  a  muscular  «*l 
of  plain  nmscle  tissue,  which,  iiccording  to  the  usual  desciipCiaB. 
is  arranged  so  as  to  make  an  external  longituiiinal  coat  and  m 
internal  curidar  or  oblique  coat.  A  thin,  longitudinal  layer  of 
muscle  tissue  lying  to  the  interior  of  the  circular  coat  is  aiso  dK 
scribed.  The  separation  l^etween  the  kingitudinal  and 
•**AichW  t.exvet.  Ptttholo^ie  und  PhimnAkologie/*  32,  241,  I 
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layers  b  not  so  definite  as  in  the  case  of  the  intestine;  they  seem, 
in  fact,  to  fomi  a  continuous  layer,  one  jmssing  gradually  into  the 
other  by  a  change  in  the  <lirection  of  the  fillers.  At  the  cer\'Lx  the 
cir<'ular  layer  is  .stn?n^(hencHl,  anti  hits  l)een  supix>sed  to  act  as  a 
sphincter  with  regard  to  the  urethral  orifice — the  so-called  sphinc- 
ter veeJcff  intemus.  Around  the  urethra  just  outside  the  hlatl- 
der  is  a  circular  layer  of  ^triate<l  muscle  tlmt  is  frecjuently  desig- 
nated as  the  extemul  spliinrtor  or  spluncler  tux^thni'.  Tiie  urine 
brought  into  the  Madder  accujiuilutes  within  its  cavity  to  a  certain 
limit.  It  is  prevented  from  escaping  through  the  urethra  at  first 
by  the  mere  elasticity  of  the  part*  at  the  urethral  orifice,  aided  per- 
haps by  tonic  c(»iitraction  of  the  internal  sphincter,  althougli  this 
function  of  the  circidar  layer  is  disputeii  by  some  observere.  When 
the  accuiDuliUion  l>econies  greater  the  external  sphincter  iH  brought 
into  action,  If  the  tlesire  to  urinate  is  stning  the  external  sphincter 
aeema  undoubtedly  to  be  controlled  by  voluntary'  effort,  but  whether 
or  not,  in  moderate  filling  of  the  bladiler,  it  is  brought  into  play 
by  an  involuntarj-  reflex  is  not  definitely  determined,  liackflow 
of  urine  from  the  bladtler  into  the  uretere  is  effectually  prevented 
by  the  oblique  course  of  the  ureters  through  the  wall  of  the  blad- 
der. Owing  to  this  circujiistance,  pressure  within  the  bladder 
aerves  to  close  the  mouths  of  the  uretere.  and,  indeed,  the  more 
completely,  the  higher  the  pressure.  At  some  point  in  the  filling 
of  the  bladder  the  pressure  is  suflicient  to  arouse  a  conscious  sen- 
Bation  of  fullnesss  and  a  desire  to  micturate.  Under  normal  condi- 
tions the  act  of  micturition  follows.  It  consists  essentially  in  a 
strong  contraction  of  the  blatlder.  with  a  simultaneous  relaxation 
of  the  external  sphincter,  if  this  muscle  is  hi  action,  the  effect  of 
which  is  to  obliterate  more  or  less  completely  the  ca\ity  of  the  blad- 
der and  drive  thp  urine  out  through  the  uretlira. 

The  force  of  tliia  contraction  is  considerable,  as  is  evidenced  by 
the  height  to  which  the  urine  may  spurt  from  the  end  of  the  urethra. 
According  to  Mosso,  the  contraction  may  support,  in  the  dog,  a 
column  of  liquid  two  meters  high.  The  contractions  of  the  blad- 
der may  Iw  and  usimlly  are  a.saisted  by  contractions  of  the  walls 
of  the  alxlomen,  esfKrially  t^)wanl  the  end  of  the  act.  As  in  defecii- 
tion  and  vomiting,  the  contraction  of  tlie  abdominal  muscles,  when 
the  glottis  ia  ckised  so  as  to  keep  the  diaphragm  fixeii,  sen'es  to  in- 
crease the  pressure  in  the  abdominal  and  pelvic  cavities,  and  thus 
acisisti)  in  or  completes  the  emptying  of  the  bladder.  It  is, 
however,  not  an  essentiul  jyjrt  of  the  act  of  micturition.  The  last 
portions  of  the  urine  escaping  into  the  urethra  are  ejected,  in  the 
mate,  in  spurts  produced  by  the  rhythmical  contractions  of  the 
bulhocavemcwus  muscle. 

Considerable  uncertainty  and  difference  of  opinion  exists  as  to 
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the  physiological  mechanism  by  which  this  series  of  muscular  wm- 
tractions,  and  esix»t*ially  the  contractions  of  the  bladder  itself,  are 
produced.     According  to  the  frequently  quoted  description  givwi 
i)y  (iolt./.,*  the  series  of  events  is  as  follows:   Tlie  distention  uf  the 
bladder  by  the  urine  causes  finally  a  stimulation  of  the  seusory 
fibers  of  the  organ  and  produces  a  reflex  contraction  of  the  bU<l- 
der  musculature  wliich  s<|ueezes  some  urine  into  the  urethra.    Tlie 
first  drojis,  howevex,  that  enter  the  urethra  stimulate  the  sensory 
ncn'es  there  and  give  rise  to  a  coiiscious  desire  to  urinate.    If  no 
obstacle  is  preserited  the  bladder  then  empties  it^self,  assisted  per- 
haps by  the  contractions  of  the  abdominal  muscles.    The  empt>*in)( 
of  the  himiiier  may,  liowever,  be  prevented,  if  desirable,  by  a  volua- 
tar\'  contnLftion  of  the  s]ihincter  uretluie,  wlii(rh  opfxjses  the  effet^i 
of  tlie  contraction  of  the  bladder.     If  the  bladtler  is  not  too  fiill 
and  the  ri]>hiiirlor  is  kej>t  in  action  for  some  time,  the  contractio 
of  the  bladder  may  cease  and  the  tU«ire  to  micturate  pas*  off.    A 
cording  Uy  tlii^  view,  the  vohinlar>'  control  of  the  process  is  Uuiit^ 
to  the  artiitn  of  the  external  sphincter  and  the  abdominal  muscles; 
the  contraction  of  the  blatlder  itself  is  purely  an  unconst*ioit3  reflex 
taking  place  through  a  lumbar  center. 

The  experiments  of  Cloltz  and  others,  upon  dog^  in  which  the 
spinal  cord  was  severed  at  the  junction  of  the  lumliar  and  UkUk)- 
racic  regions,  indicate  tliat  micturition  is  essentially  &  reflex  Mt, 
with  its  center  in  the  lumbar  cord,  although  the  same  observer  has 
shown  that  in  dogs  whose  spinal  cord  has  been  entirely  destmye*!, 
except  in  the  cervical  and  upper  thoracic  region,  the  bladder  emp* 
ties  itself  normally  witht)ut  the  :ud  of  external  stimulation.  Moam 
and  Pellacanit  have  made  experiments  upon  women  in  which 
catheter  was  introduced  Into  the  bladder  and  connected  with  a  recoi 
ing  apparatus  to  measure  the  vohmie  of  the  bladder.  Their  ex- 
periments indicate  that  the  sensation  of  fullness  and  desm  to 
micturate  come  from  sensor>-  stiniidation.  in  the  bladdw  \Uit\l, 
caused  by  the  pressure  of  the  urine.  They  point  oui  that  ih* 
bladder  Ls  very  sensitive  to  reflex  stimulation;  that  every  peyehical 
act  and  eveT>'  sensor>-  stimulus  ip  apt  to  cause  a  contrartion  «vr 
creased  tone  of  the  bladder.  The  bla<lder  is  thenfore  subjert 
continual  changes  in  size  from  n^fiex  stimulation,  and  the  ptaaBUitfl 
within  it  will  depend  not  simply  on  the  ipiantity  of  urine,  but 
the  condition  of  tone  of  its  muaclee.  At  &  certain  preaeure  tht 
sensor>*  nerves  are  stimulatoil  and  under  normal  'as  imrts- 

rition  cnsiies.    We  may  understand,  from  this  pii:  w,  homli 

happens  that  we  have  sometimes  a  strong  desire  to  micturate  mhen 
the  bladder  contains  but  little  urine, — for  example,  under  mttnAkmai 

♦  •'  Arrhiv  f.  die  K&*amnite  Phv^olo^, "  S,  478,   I87C 
t"  Archives  lUliomies  de  biologie/*  !,  18S2. 
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excitement.  In  siirh  cases  if  the  mifturition  is  prnvemted,  probably 
by  the  action  of  tiic  external  sptiincttT,  the  hhukler  may  sxily- 
Bequently  relax  and  the  soiisatkm  of  fullness  and  desire  to  nueturate 
pass  away  until  the  urine  aretimiilates  in  sufficient  quantity,  or  the 
pressure  is  again  raised  hy  some  circumstance  which  causes  a  reflex 
contraction  of  the  l>ladder. 

NertYtus  Mechanism. — Acconiing  to  Ijingleyand  Antlerson,*  the 
bladder  in  cat^,  dtigs,  and  mbbits  receives  motor  filK^rs  from  two 
sources:  (1)  From  the  lumbar  nerves,  the  filx*rs  fwusi^ing  ruit  in  the 
second  to  the  fifth  limiliar  ner\'cs  and  reaching  the  bladder  through 
the  s>Tnpathetic  chain  and  the  inferior  mesenteric  ganglion  and 
hypogastric  nerves.  Stimulation  of  these  nerves  causes  a  <omp»ni- 
lively  feeble  conlruction  of  the  bladder.  (2)  From  the  sacral 
spinal  ner\'e8,  the  fil>ers  originating  in  the  second  and  thirtl  sacral 
spinal  nerves,  or  in  the  rabbit  in  the  third  and  fourth,  anil  taking  their 
course  through  the  so-called  ner\*us  erigens.  Stimulation  of  these 
nerves,  or  some  of  them,  causes  strong  contractions  of  (be  blad- 
der, sufficient  to  empty  its  contents.  Little  evidence  was  f>btained 
of  the  presence  of  vasomotor  fillers.  Acconiing  to  Xawrocki  and 
Skabitschewsky.t  the  spinal  sensory  fibers  to  the  bladder  are  found 
in  part  in  the  posterior  roots  of  the  first,  secoml,  thirij,  and  fourth 
sacral  spinal  ner\'es,  particularly  the  second  aiul  thinl.  \V'hen  these 
fibers  are  stimulatetl  they  excite  refiexly  the  motor  libers  to  the 
bladder  foimd  in  the  anterior  roots  of  the  second  and  third  sacral 
spinal  nerves.  Some  senson'  fibers  to  the  bladder  may  pass  by 
■way  of  the  hypogastric  nerves.  When  the  central  stump  of  one 
hypogastric  nen'e  is  stimulated  it  j>roduces,  according  to  these 
authoFEi.  a  reflex  effect  upon  the  motor  fibers  in  the  other  hypo- 
gastric ner\'e,  causing  a  contraction  of  the  l>ladder,  the  reflex  oc- 
curring tlirough  the  inferior  mesenteric  ganglion.  This  obser\'a- 
tion  has  Ijeen  confirmed  by  several  authftrities,  but  has  been  ex- 
plained by  I^ngley  and  Anderson  as  a  piseudoreflex  or  axon  reflex 
(see  p.  144 1. 

The  immediate  spinal  center  through  which  the  contractions 
of  the  bla<ider  may  l>e  refiexly  stiiniilateil  or  inhibited  lies,  accord- 
ing to  the  experiments  of  Ooltz.  in  the  lumbar  |x)rtirm  of  the  cord, 
prolmbly  l)etween  the  s^K'ond  and  fifth  lumbar  spinal  nerves.  In 
tlogs  in  which  this  portion  of  the  cord  was  isolatwl  by  a  cross-section 
at  the  jimction  of  tlie  thoracic  and  lumbar  regions,  micturition  still 
ensxie<l  when  the  bladder  was  sufficiently  full,  and  it  could  be  called 
forth  refiexly  by  sensor^'  stimuli,  esj-jecially  In'  slight  irritation  of 
the  anal  region.    This  localization  has  l)een  confirmed  by  others  % 

•"Jotinial   of   PhvMiolopy,"    Ift,  71.    ISft5. 

t "  Arrliiv  f.  die  fccrtaniinte  Fhv.siolufcie. "  40,  141,  1801. 

jS«e  Stewart.  "American  Journal  of  Physiology,"  2,  182,  1999. 
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Excretory  Functions  of  the  Skin. — The  physiological  activi- 
ties of  the  skin  are  varied.     It  forms,  in  the  first  place,  a  senaon* 
surface  covering  the  body,  and  interposed,  as  it  were,  between  the 
external  worltl  and  the  inner  mechanism.    Ner\'e  fibers  of  pressure, 
temperature,  and  pain  are  distributed  over  its  surface,  and  by  nieans 
of  these  fibers  reflexes  of  various  kinds  are  effected  which  keep 
body  adapted  to  changes  in  its  environment.    The  phy8iolc>^'  » 
the  skin  from  this  standpoint  is  discussed  in  the  section  on  SfjeciJ 
senses.     Again,  the  skin  plays  a  part  of  immense  value  to  the  Ix^iy 
in  regulating   the  body   teroi>erature.    This  regulation^  which 
effected  by  variations  in  the  blood  supply  or  tlie  sweat  secretio! 
is  described  at  appropriate  places  in  the  sections  on  Nutrition  a 
Circulation.     In  the  female,  during  the  period  of  lactation,  the  mano- 
mar>'  glands,  which  must  l)e  reckoner!  among  the  organs  of  tlic 
skin,  fonn  an  iinpr>rtant  secretion,  the  milk;  the  phyedolog>*  of  thie 
gland  is  referred  to  in  the  section  on  Reproduction.     In  this  sectioD 
we  are  concemetl  with  the  physiology'  of  the  skin  from  a  dififerent 
standpoint, — namely,  as  an  excretory'  organ.    The  excretions  of 
the  skin  are  formed  in  the  sweat-glands  and  the  sebaceous  glands. 

Sweat. — The  .sweat  or  perspiration  is  a  secretion  of  the  sweat 
glands.    These  latter  structures  are  found  over  the  entire  cutaneous 
surface  except  in  the  deeper  portions  of  the  external  auditon.-  meatua,, 
the  prepuce,  and  the  glans  jjenis.    They  are  particularly  abim 
upon  the  [mlms  of  the  hands  and  the  soles  of  the  feet.     Kmuafl 
estimates  that  their  total  number  for  the  whole  cutaneous  surface 
is  about  two  millions.     In  man  they  are  formetl  on  the  tyfie  of 
simple  tubular  glantls;   the  terminal  jx)rtion  contains  the  secretory, 
cells,  and  at  this  part  the  tube  is  usually  coiled  to  make  a  more 
kss  compact  knot,  thus  increasing  the  extent  of  the  secreting 
face.    The  larger  ducts  have  a  thin,  muscular  coat  of  involun 
tissue  that  may  possibly  be  concerned  in  the  ejection  of  the  see 
tion.    The  secretory  cells  in  the  terminal  portion  arc  columnar  in 
shape,  possess  a  granular  cytoplasm,  and  are  arranged  in  a  single 
layer.    The  amount  of  secretion  formed  by  these  glands  v&ri 
greatly,  being  influenced  by  the  condition  of  the  atmoKphere  as 
gards  temperature  and  moisture,  as  well  as  by  various  physical  and 
psychical  states,  such  as  exercise  and  emotions.     The  average  quan- 
tity for  twenty-four  hours  is  said  to  var)'  between  700  and  9(K)  gnia., 
although  tlus  amount  may  be  doubled  under  certain  conditions. 

According  to  an  interesting  jiaper  by  Schierl>eck,*  the  average 
quantity  of  sT,\'eat  in  twenty -four  hours  may  amoimt  to  2  to  3  liters 
in  a  person  clothed,  and  therefore  with  an  average  temperature 
of  32**  C.  surrounding  the  skin.    This  author  states  that  the  amount 
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*".^hiv  f.   PhvBioIogie,"   1893,   116;    see  also  WiUebmnd, 
Davischfls  Arehiv  f.  Physiologie, "  13,  337,  1902. 
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of  sweat  given  off  froni  the  skin  in  the  form  of  insensible  perspira- 
tion increases  proportionately  with  the  tenifjeratiire  until  a  certain 
critical  point  is  reached  (atiout  33^  C.  in  the  j^erwm  investigated), 
when  there  Is  a  marked  increase  in  the  water  eliminated,  the  in- 
crease being  simultaneous  with  the  fomialion  of  visible  sweat.  At 
the  same  time  there  is  a  sudtlen  increase  in  the  C(>j  eliminated  from 
the  skin.  It  is  possible  that  the  sudden  increase  in  CC),  is  an  in- 
dication of  greater  nietaholbun  in  the  sweat  glands  in  connection 
with  the  formation  of  vLsible  sweat. 

Composition  of  the  Secrdiori. — The  precise  chemical  composition 
of  sweat  is  difficult  to  determine,  owing  to  the  fact  that  as  usually 
obtaineil  it  is  lial)!e  to  l»e  mixed  with  the  sebaceous  secretion.  Nor- 
mally it  is  a  very  thin  secretion  of  k>w  si^ecific  gravity  (1.004)  and 
an  alkaline  reaction,  although  when  first  secreted  the  reaction  may 
be  acid  owing  to  admixture  with  the  sebaceous  material.  The 
larger  part  of  the  inorganic  sa!ts  consists  of  sodium  chlorid.  8mall 
quantities  of  the  alkaline  sulithates  ami  j^hosphates  are  also  pres- 
ent. The  organic  constituents,  though  present  in  mere  traces,  are 
quite  varied  in  number.  Urea,  uric  aci<l,  creatinin,  aromatic  oxy- 
acids,  ethereal  sulphates  of  jihenol  and  skatol,  and  albumin,  are 
said  to  occur  when  the  sweating  is  profuse.  Argutin.sky  has  shown 
that  after  the  action  of  vatx>r  baths,  and  as  the  result  of  nuiscular 
work,  the  amount  of  urea  eluiiinated  in  this  secretion  may  be  con- 
siderable. Under  pathological  conditions  invohnng  a  diminished 
elimination  of  urea  through  the  kidneys  it  has  been  obser\'ed  that 
the  amount  found  in  the  sweat  is  niaricedly  increased,  so  that  crys- 
tals of  it  may  l>e  de]x>sited  ujMjn  the  skin.  Under  perfectly  nor- 
mal conditions,  however,  it  is  obvious  that  the  organic  constituents 
are  of  minor  imi>ortance.  The  main  fact  to  l>e  considered  in  the 
secretion  of  sweat  is  the  ff^miation  of  water. 

Secretory  Fibers  to  the  Sweat  Glands. — Definite  ex|jerimental 
pnx)f  of  the  existence  of  sweat  ner^'es  was  first  obtained  by  Goltz* 
in  some  experiments  upon  stimulation  of  the  sciatic  ner\'e  in  cats. 
In  the  cat  and  dog,  in  which  sweat  glands  occur  on  the  balls  of  the 
feet,  the  presence  of  sweat  nerves  may  be  demonstrate<l  with  great 
ease.  Electrical  stimulation  of  the  peripheral  end  of  the  divided 
sciatic  ner\'e,  if  sufticiently  strong,  will  cause  visible  drops  of  sweat 
to  fonu  on  the  FialrleHs  skin  of  the  balls  of  the  feet.  When  the 
electnxics  are  ke[jt  at  ttie  same  spot  on  the  nerve  and  the  stinmla- 
tion  is  maintaineii  the  secretion  soon  ceases;  but  this  effect  seems 
U)  be  due  to  a  tenifxirar}'  injur\'  of  some  kind  to  the  ner\'e  fibers 
at  the  point  of  stimulation,  and  not  to  a  genuine  fatigue  of  the 
K^'eat  glands  or  the  sweat  fit)ers,  since  mo\ing  the  electrodes  to  a 
new  point  on  the  nene  farther  ti)ward  the  peripher>'  calls  forth  a 
*"Archiv  f.  die  gesammte  Phyttiok>gie,"  II,  71,  1875. 
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new  secretion.    The  secretion  so  formed  is  thin  and  limpid,  and  has 
a  marked  alkaline  reaction.     The  anatomical  course  of  these  fibers 
has  been  worked  out  in  the  eat  with  great  care  by  I^angley,*    He 
finds  that  for  the  hind  feet  they  leave  the  spinal  cord  chiefly  in  the 
first  and  second  lumbar  nerves,  enter  the  sxTnpathetic  chain,  aii 
emerge  fmm  this  as  postganplionic  fibers  in  the  gray  rami  whic 
paSvS  irom  the  ?<ixth  lumbar  to  the  second  sacral  ganglion,  but  rhieflir 
in  the  seventh  liunbar  and  first  sacral,  and  then  join  the  nerves  of 
the  sciatic  plexus.    For  the  forefeet  the  fibers  leave  the  spinal  co: 
in  the  fourth  to  the  tenth  thoracic  nerves,  enter  the  sympathelli 
chain,  pass  upward  to  the  first  thoracic  ganglion,  whence  they  a 
continued  as  fK)stganslinnip  fibers  that  pass  out  of  this  ganglion  1 
the  gray  rami  conuiuuiicating  with  the  nerves  forming  the  bnwhial 
plexus.    The  action  of  the  ncr\'e  fibers  upon  the  sweat  glands 
not  be  explaitied  as  an  indirect  effect, — for  instance,  as  a  result  <€ 
a  variation  in  the  blfKid-flow.     Experiments  have  rei>eatedly  shoKH 
that,  in  the  cat,  stimulation  of  the  sciatic  still  calls  forth  a  secr^ 
tion  after  the  blo<:id  has  l^eon  shut  off  from  the  leg  by  ligation  of 
the  aorta,  or  indeed  after  the  leg  has  been  amputated  for  afi  long 
as  twenty  minutes.    So  m  human  l>eingg  it  is  known  that  profuA 
sweating   jna>'   often   accompany  a    palHd   skin,  as  in  terror  or 
nausea,  while,  on  the  other  hand,  the  flushed  skin  of  fever  is  char- 
acterized by  the  absence  of  perspiration.    There  seems  to  be  no 
doubt  that  the  sweat  nerves  are  genuine  secretory  fibers,  causing 
a  secretion  in  consequence  of  a  direct  action  on  the  cells  of  the  sweat 
glands.     In    accordance    with    this    physiological    fact    lust'Olofpcal 
work  has  deinonstratetl  that  si>ecial  nerve  fil>ers  are  supplied  to 
the  glandular  epithelium.    Acconling  to  Amstein.    the   tenniutl 
fibers  form  a  small,  branching,  varicose  ending  in  contact  with  the 
epithelial  cells.    The  sweat  gland  may  be  made  to  secrete  in  man; 
ways  other  than  by  direct  artificial  excitation  of  the  s\\*eat  fibers, 
for  example,  by  external  heat,  dyspnea,  muscular  exercise,  stnj; 
emotions,  and  by  the  action  of  various  drugs,  such  as  pilocar])i 
muscarin,  strj-chniji,  nicotin,  picrotoxin,  and  physo.*;tiginia.     In 
such  cases  the  effect  is  supposc<l  to  result  from  an  action  on 
sweat  fibers,  either  directly  on  their  terminations  or  indirectly'  u 
their  cells  of  origin  in  the  cent  ml  nervous  system.     In  ordi 
life  the  usual  cause  of  profuse  sweating  is  a  high  external  tem| 
ature  or  muscular  exercise.    With  regard  to  the  former  it  is  kno 
that  the  high  temperature  does  not  excite  the  sweat  gluiids 
mediately,  but  through  the  intervention  of  the  central   nerv 
system.     If  the  nerves  going  to  a  limb  be  cut,  expoeure  of  thai 
limb  to  a  high  temperature  does  not  cause  a  secretion,  showii^ 
that  the  temperature  change  alone  is  not  sufficient  to  excite  tb« 
♦"Journal  of  Physiology,"  12.  347.  1891. 


KIDNEY  AND  SKIN  AS  KXPRETORY  ORGANS. 


91 


f^land  or  its  toniiinal  nerve  fibers.  We  must  suppose,  therefore, 
that  the  high  temperature  acts  upon  the  sensory  eutiineous  nerves, 
possibly  the  heat  fibers,  and  reflexly  st'unulates  the  sweat  fibers. 
Although  ejctemal  t-eniperature  does  not  ilirectly  excite  the  glands, 
it  should  lie  stated  that  it  affent-s  their  irritability  either  by  direct 
action  on  the  gland  cells  or  uj)on  the  terminal  nerve  fibers.  At  a 
sufficiently  low  tenij)eraturc  the  cat's  paw  does  not  secrete  at  all, 
and  the  irrit-ability  of  the  glands  is  increased  by  a  rise  of  temper- 
ature up  to  alxiut  45*^  C. 

Dyspnea,  muscular  exercise,  emotions,  and  many  drugs  affect 
the  secretion,  probabh'  by  action  on  the  ner\'e  centers.  I'ilucarpin, 
on  the  contrar>',  is  known  to  stiiuulat*  the  endings  of  the  nerve 
fibers  in  the  glands,  while  atropin  has  the  opposite  effect,  coni- 
pletely  i)aralyzing  the  secn»tor>-  fibers. 

Sweat  Centers  in  the  Central  Nervous  System. — The  fact  that 
secretion  of  s\\'eAt  may  l)e  ociasioned  by  stimulation  of  afferent 
ner\'es  or  by  direct  action  upon  the  central  nen'ous  system,  as  in 
the  case  of  dyspnea,  implies  the  existence  of  physiological  centers 
controlling  the  secretory  fillers.  The  precise  location  of  the  sweat 
center  or  centers  ha.s  not,  however,  lieen  satisfactorily  (Jet-ennined. 
Histologically  and  analoniically  the  arrangement  of  the  sweat 
fibers  reseml»les  that  of  the  vasoconstrictor  fil>ers.  and,  reasoning 
from  analog}*,  one  might  .suppose  the  existence  of  a  general  sweat 
center  in  the  medulla  comparable  to  the  vasoconstrict/>r  center, 
but  positive  evidence  of  the  existence  of  such  an  Jirrangenient  is 
lacking.  It  has  been  shown  that  when  the  medulla  is  separated 
from  the  cord  by  a  section  in  the  cenical  or  thoracic  region  the 
action  of  dyspnea,  or  of  various  sudoriHc  dnigs  supposed  to  act  on 
the  central  nenous  system,  may  still  cause  a  secretion.  On  the 
evidence  of  results  of  this  character  it  is  assumed  that  there  are  spinal 
sweat  centers;  but  whether  these  are  few  in  number  or  represent 
amply  the  various  nuclei  of  origin  of  the  fil)ere  to  different  regions 
is  not  definitely  known.  It  is  possible  that  in  addition  to  these 
^inal  centers  there  is  a  general  repidatlng  center  in  the  medulla. 

Sebaceous  Secretion. — ^I'he  sebaceous  glands  are  simple  or 
comjMiund  alveolar  glands  found  over  the  cutaneous  surface,  usually 
in  a^>uK*iation  with  the  hair^.  although  in  some  cases  they  occur 
separately,  as.  for  instance,  on  the  prepuce  and  glans  penis,  and 
on  the  lips.  When  they  occur  with  the  hairs  the  short  duct  opens 
into  tlie  hair  follicle,  so  that  the  secretion  is  passed  out  upon  the 
liair  near  the  point  at  which  it  projects  from  the  skin.  The  alveoli  are 
filled  with  (mlH)idal  or  {jolygonal  epithelial  cells,  which  are  arranged 
in  several  layers.  Those  nearest  tlie  lumen  of  the  gland  are  filled 
with  fatty  material.  These  cells  are  siipposed  to  be  cast  off  bodily, 
their  detritus  going  to  fonn  the  secretion.     New^  cells  are  formed 
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from  the  layer  nearest  the  basement  uienilirane,  and  thus  the 
continue  t^  produce  a  slow  but  corithiuous  ^cretion.  The  sebaceous 
secretion,  or  sebum,  is  an  oily,  semiliquid  material  that  sete,  upon 
exposure  to  the  air,  to  a  cheesy  miiss,  as  is  seen  in  the  euroedones 
or  pimples  which  s*_>  frequently  occur  upon  the  skin  from  occluaon 
of  the  opening  of  the  ducts.  The  ejcact  coniposition  of  the  secretion 
is  not  known.  It  contains  fats  and  snajiw,  some  cholesterin.  albu- 
minous material  (part  of  which  is  a  nucleo-albumin  often  described 
as  a  casein),  remnants  of  epithelial  cells,  and  inorganic  salts.  The 
cholesterin  occurs  in  combination  with  a  fatty  acid,  and  is  found  in 
especially  large  quantities  in  sheep's  wool,  from  which  it  is  extracted 
and  used  commercially  unrler  the  name  of  lanolin.  The  sebaceoua 
secretion  fnim  different  places,  or  in  different  animals,  is  probably 
Boniewhat  variable  in  composition  as  well  as  in  quantity.  The 
secretion  of  the  pi^epuoe  is  known  as  the  smegma  prapuiti;  that  of 
the  external  auditory  nieaius,  mixed  with  the  secretion  of  the  neigh- 
boring sweat  glands  or  cenmiinous  glands,  forms  the  well-known 
earwax  or  cerumen.  The  secretion  in  this  place  contains  a  reddish 
pigment  of  a  bitterish-sweet  taste,  the  composition  of  which  hu 
not  l>een  investigatetl.  I'pon  the  skin  of  the  newly  bom  the  »- 
baceoiis  material  is  accmnulated  to  form  the  vfrniz  ca^osti.  The 
well-known  uropygal  gland  of  birds  is  homologous  with  the  mam- 
malian sebaceous  glands,  and  its  secretion  has  been  obt&ined  in 
sufficient  rjuantities  for  chemical  imalysis.  Physiologically  it  is 
believed  that  the  sebaceous  secretion  affords  a  protection  to  the 
skin  and  hairs.  Its  oily  character  doubtless  sen'es  to  protect  the 
hairs  from  becoming  too  brittle,  or,  on  the  other  hand,  from  being 
too  ejwily  saturatetl  with  external  moisture.  In  this  way  it  prob- 
ably aids  in  making  the  hair>*  coat  a  more  perfect  protection  a^inst 
the  effect  of  external  clianges  of  temperature.  Upon  the  surface  of 
the  skin,  also,  it  forms  a  thin,  protective  layer  that  tends  to  prevent 
und\ie  I0.SS  of  heat  from  evaporation  of  the  sweat  and  possibly  is 
important  in  other  ways  in  maintaining  the  physiological  integrity 
of  the  external  s\irface. 


—In  some  of  the  lower  animals — the  fro^:, 
takes  an  inipiirtant  part  in  the  respiratory 


Excretion  of  CO,. 

for  example — the  skin 
exebangeB,  eliiinnating  COj  and  absorbing  O.  In  man,  and  pre- 
sumably in  the  maimnalia  generally,  it  has  been  ascertained  that 
changes  of  this  kind  are  very*  slight.  Estimates  of  the  amount  of 
CO,  given  off  from  the  skin  of  man  during  twenty-four  hours  vary 
greatly,  but  the  amount  is  small,  alx>ut  7  to  S  gms.  in  twenty-four 
hours,  imless  there  is  marked  sweating,  in  which  case  the  amount  is 
noticeably  increased. 
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CHAPTER  XLVT. 

SECRETION    OF  THE    DUCTLESS    GLANDS-INTERNAL 

SECRETION. 


I 


The  term  "internal  secretion"  is  used  to  designate  those  secre- 
tions of  gkndulttr  tissues  wliicli,  instead  of  being  c'arrie<l  off  to  the 
exterior  by  a  duct,  are  eliminated  in  the  blood  or  lymph,  The  idea 
that  8ecretor\'  pniducts  may  be  given  off  in  this  way  has  long  Ijeen 
held  in  reference  to  the  ductless  glantls,  such  as  the  thynnd.  pitui- 
i&T\'  IkkIv,  etc.,  the  absence  of  a  iluct  suggesting  naturally  such  a 
pofisibility.  The  term,  however,  seejiis  to  have  been  employed 
first  by  Claude  liemard,  who  emphasized  the  distinction  between 
the  ordinary'  secretions,  or  external  t^ecR'tions,  and  this  gnjup  of 
internal  secretions.  Moilern  interest  in  the  latter  is  due  largely  to 
work  done  by  Hniwn-S(^*t[uanl  (IHS'J)  upon  testicular  e.\tnu't«,  work 
which  itself  was  of  doubtful  value.  Thii^  author  wiis  led  to  anif)lify 
the  conception  of  an  internal  secretion  by  the  lissumption  that  all 
tissues  give  off  a  something  to  the  blood  wliich  its  cliaracteristic, 
and  is  of  ijnportance  in  geneml  nutrition.  This  idea  led  in  turn  to 
■  a  revival  of  some  old  notions  reganling  the  treatment  of  diseases 
of  the  different  organs  by  extnuits  of  the  corresjK)nding  tissue, 
a  therajieutical  method  usually  d*-wigriated  as  opothtrapy.  Hniwn- 
SetpmnTs  extension  of  tho  'uk'&  of  intenml  secretion  lias  not  l»een 
juBtitieii  by  subsequent  work,  and  to-day  we  must  Umit  the  term 
to  definitely  glandular  tissues.  Kxperienee  has  shown,  however, 
that  not  only  the  ductless  glands,  but  s<»me  at  least  of  the  typical 
glands  pn)vided  with  ducts  may  give  ri«!  U)  internal  secretions, 
the  pancreas,  for  examf»lc.  In  some  nf  the  ductless  glands,  on  the 
contrary,  the  existence  or  non-existence  of  an  internal  secretion 
is  still  an  o|)en  question.  The  work  done  since  1889  ha«,  however, 
demonstrated  fully  that  some  of  the  ductless  glands  pla^'  a  r6le 
of  the  very  greatest  imfxirtance  in  general  nutrition,  and  this 
knowledge  has  proved  useful  in  widening  our  conception  of  the 

t  nutritional  relatione  in  the  organism  and  besideij  has  found  a  valuable 
application  in  practical  medicine.  The  conception  that  certain 
glandular  organs  may  give  rise  to  chemical  pn>ducts  wtiich  on 
entering  the  circulation  influence  the  activity  of  one  or  more  other 
organs  has  recently  found  a  fruitful  apphcation  in  the  study  of  the 
digestive  secretions.      The  gastric   and   pancreatic   ttfcritiruf    may 
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be  regarded  as  examples  of  internal  secretions.  Chemiral  product 
of  this  kind  which  stimulate  the  ai-tivity  of  special  orgaas  StarliujE 
denignates  as  hormones.^  From  this  point  of  \Tew  the  aclivi* 
substances  formed  in  the  th\Toids,  adrenal  glands,  etc.,  may  ail 
be  classified  as  specific  hormones.  Starling  makes  the  suggesli\f 
remark  that  this  means  of  coordinating  the  activities  of  the  various 
parts  of  a  complex  organism  may  be  regarded  as  the  most  primitive, 
while  the  better  known  coordination  through  the  medium  of  a 
nervous  sj'stem  is  of  later  development.  In  the  mammulian  body 
both  methods,  as  we  have  seen,  are  employed. 

Liver.— We  do  not  usually  regard  the  liver  as  furnishing  an 
internal  secretion.  As  a  matter  of  fact,  it  does  form  two  ppo<iuct* 
within  its  cells — glycogen  (sugar)  and  urea — which  are  subsequently 
given  off  to  the  blood  for  purposes  of  general  nutrition  or  for  elim- 
imUion.  The  processes  in  this  case  fall  under  the  general  defini- 
tion of  internal  setrretion,  and.  in  fact,  may  I>e  useci  to  ilhislnitc 
specifically  the  meaning  of  this  term.  The  historj'  of  glycogen  and 
urea  has  been  consiilered. 

Internal  Secretion  of  the  Thyroid  Tissues. — The  m<Mt  im- 
portant and  definite  outcome  of  the  wtirk  on  internal  secretions  hat 
been  obtained  with  the  tlnToids.  Recent  experiiuentfll  work  on 
this  organ  makes  it  necessar>'  for  us  now  to  distinguish  l)etween  tlie 
th>Toid  and  the  parathyroid  tissues.  The  thyrx>ids  proper  fontt- 
two  oval  bodies  lying  on  the  sides  of  the  trachea  at  it#  junction  with 
the  larAnx.  They  have  no  ducts,  an(.i  are  coniposetl  of  vesicles  (if 
different  sizes,  which  are  lined  by  a  single  layer  of  culmidal  epithe- 
lium and  contain  in  their  interior  a  material  known  as  colloid.  A 
number  of  histologist.s  have  traced  the  fonnation  of  this  colloid 
the  lining  epithelial  cells,  and  have  stated,  moreover,  that  the  \-es5icl 
finally  nijiture  and  discharge  the  colloid  into  the  surrounding  lym- 
phatic spaces.  Accessory  thyroids  varpng  in  size  and  nuiut)er  may 
be  found  along  the  trachea  as  far  down  as  the  heart.  They  possew 
a  vesicular  structure  and  no  doubt  have  a  function  8imilar  to  that 
of  the  thyroid  body. 

The  parathfToids  are.  according  to  most  authors,  quite  difTerent 
stmctures.  Four  of  these  bodies  are  usually  descril:)ed,  two  on  each 
side,  and  their  positions  vary  somewhat  in  different  animals 
man  the  superior  (or  internal)  parathyroids  are  found  upon  ih 
posterior  surface  of  the  thyroid  at  the  level  of  the  junction  of  i 
upper  with  its  midtUe  thii'd.  This  portion  of  the  organ  may  he 
imi>edded  in  the  thyroid.  The  inferior  (or  external)  parathyroid*- 
he  near  the  lower  margin  of  the  thyroid  on  its  posterior  surface, 
and  in  some  cases  lower  down  on  the  sides  of  the  trachea.    The' 

*  Kor   general   discussion   consult    Stirling,    "Recent    Advance*   in  th« 
liology  of  Digestion."  Chicago,  1906. 
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tissue  has  a  structure  quite  different  from  ttiat  oi  the  thyroids. 
being  roraposeU  of  solid  masses  or  columns  of  epithelial  cells  which 
are  not  arranged  in  vesicles  and  contain  no  colloid. 

Extirpation  of  the  Thyroids  and  Parathyroids. — In  18.56 
Scliiff  showed  that  extirpiUitjn  of  the  thyroids  (ccmiplete  ihymi- 
dectomy)  in  dogs  is  followtni  usuiilly  hy  the  deiUfi  of  theaniiUHl  in 
one  to  foiir  weeks.  The  auiiual  exhihits  certain  chanicteristic  symj)- 
toms,  such  as  muscular  tremors,  whit^h  may  pass  into  convulsions, 
cachexia,  emaciation,  and  a  condition  of  apathy.  This  result  was 
confinned  by  s\il>se*|uent  ol>ser\'ers,  hut  many  exceptions  were  noted. 
Great  interest  was  shown  in  tlieae  result.s,  l^ecatise  on  the  sm^jical 
side  rejjorts  were  ma<le  showing  that  after  com]>lete  removal  of  the 
thyroids  in  cases  of  goiter  evil  consequences  might  ensue,  either 
acute  convrdsive  attjicks  or  rhimic  malntitrition.  On  the  other 
hand,  it  became  known  that  alro])liy  of  the  thyrtjids  in  the  young 
is  responsible  for  the  conditirtn  of  arresteti  growth  and  deficient 
mental  developjuent  designated  as  cretinism,  and  in  the  adult  the 
same  cause  gives  rise  to  the  peculiar  disea.se  of  myxedejna,  character- 
ized by  distressing  mental  deterioration,  an  edematous  condition 
of  the  skin,  loss  of  hair,  etc  SchilT  and  others  found  that  the  evil 
results  of  complete  thyroidectomy  in  th^gs  might  be  obviated  by 
grafting  pieces  of  the  th\Toid  in  the  body,  and  this  knowleilge  was 
quickly  applied  to  himiaii  l>eings  in  cases  of  myxedema  ami  cretinism 
with  astonishingly  successful  restdts.  Instead  of  grafting  thyroid 
tissue  it  was  found,  in  fact,  that  injection  of  extracts  under  the 
skin  or  better  still  simple  feeiling  of  thyroid  material  gave-  similar 
favorable  results:  the  individuals  recovered  their  normal  apjx^r- 
ance  and  mentiil  |K)wers.*  l>ater  Baumannf  succeetle<i  in  is<^lating 
from  the  glantLs  a  substance  dc-signated  as  iodothi/rin,  which  shows 
in  large  measure  the  beneficial  intiuence  exerted  by  thyroid  extracts 
in  cases  of  niyxedejua  and  parenchymatous  goiter.  This  substance 
is  characterizeil  by  containing  a  large  amoimt  of  iodin  (9..3  i>er 
cent,  of  the  dr>'  weight).  It  is  eontaine^l  in  the  gland  in  combina- 
tion with  protein  Ixwlies,  fnmi  which  it  may  be  seimrated  by  diges- 
tion with  gastric  juiro  or  by  lx)iling  with  acids. 

The  Function  of  the  Parathyroids. — Most  of  the  results  des- 
cribed above  were  obtained  l>efore  the  existence  of  the  parathy- 
n>ids  was  recognize<l.  I'^irly  in  the  histor>'  of  the  subject  it  was 
recognized  that  complete  removal  of  the  thyn>ids  profier  in  herbiv- 
orous anijnals  (rats^  rabbits]  is  not  attended  by  a  fatal  result. 
Gley  and  others,  however,  prove<i  that  if  the  parathyroids  also  are 

•  For  a  general  account  of  the  development  of  the  suhjecl  and  ttie  liter- 
ature see  "Tranfiartionn  of  ihr  (?ongre«H  of  Ameruan  PhyKicinns  and  Sur- 
Eeons"  (Ilowell,  Chittenden.  Adami,  Putnam,  Kinnicutt.  0«ler>.  1897.  and 
Jeundolixe,  *  InsuffiKancc  tbyroidtennc  el  pHratliyroidienne,"  Naney,  1902; 
aUo  Vinrcnt,    'Intrrmd  Secretions,"  etc.,  Uincot.  Aug.  II  and  !8,  1908. 

t  ZeitMiluift  f.  phyMolog.  Chcmie,"  21 .  310.  and  iHl, 
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reniovetl  these  aniniuls  die  wiili  the  symptoms  described  in  the 
case  of  dogs,  cats,  atul  othi*r  raniivorous  animals.  This  result  atr 
tracted  attention  to  the  i>arat!i>Toi(i.s.  Numerous  experiments, 
esfK-'cially  by  Moussu.*  Uley,t  and  Vassale  and  Generale.t  have 
seemeti  to  show  a  marked  difference  between  the  results  of  th>Toi- 
dectomy  and  panithymidectomy.  When  the  parathyroids  alone  are 
removed  the  aninjal  dies  quickly  with  acute  symptoms,  imiscular 
convulsions  (tetan>'),  etc.;  wlien  the  thyn)ids  alone  are  removed 
tlie  animai  may  survive  for  a  long  j)eriutK  Ijut  <!eve]oi>8  a  condition 
of  ehn)uic  niahuitrition, — a  slowly  incix'asing  cachexia  which  may 
exhibit  itself  in  a  condition  resembling  inyxetlema  in  man.  This 
distinction  has  been  ^eucralh'  accepted,  and  it  throws  much  light 
uixm  the  disr-rcpaiicy  in  the?  results  obtained  by  some  of  the  earlier 
observers,  ("oniplct^  thyroidectomy  with  the  acutely  fatal  results 
usually  descrilxni  int'ludes  those  cases  iu  which  both  thyroids  and 
parathyroids  were  removeil.  while  probably  many  of  the  apparently 
negative  results  obtained  after  excision  of  the  thyroids  are  expli- 
cable on  the  supposition  that  one  or  more  of  the  parathyroids  were 
left  in  the  aniuud.  It  slumkl  \)e  stated,  however,  tliat  two  recent 
observers,  \'inceut  and  .lolly,  as  the  result  of  numerous  experi- 
ments made  upon  differejit  varieties  of  animals,  throw  some  doubt 
upon  these  conclusions.  They  contend  that  in  herbivorous  animals 
fully  half  of  those  operate!  ujnm  survive  complet-e  removal  of  all 
thyniid  ti!^*iue,  showing  no  evil  symptoms  except  perhaps  a  di- 
minisheil  resistance  to  infection.  Carnivorous  animals,  on  the  con- 
trary* usimlly  die  aft^r  such  an  operation.  Jn  spite  of  such  con- 
tradictoiy  results  in  the  hands  of  some  observers  the  general  opinion 
prevails  that  complete  i-emoval  of  the  parathyroids  is  followed  by 
acutely  toxic  results  which  ilevelop  rapidly  and  the  most  prom- 
inent symptom  of  which  is  muscular  tetany.  Several  observers 
have  reported  that  injecticms  of  extract  of  the  parathyroids  cause 
this  last-named  symptom  to  disappear  without,  however,  protecting 
the  anim:d  from  n  fatal  <Hitcome.  The  experimental  evidence  in 
the  case  of  the  parathyroids  tends  to  support^  the  view  that  their 
function  consists  in  ueutralizinp  in  some  way  toxic  sulistanccs 
forme<l  elsewhere  in  the  U)dy.  and  that  therefore  after  removal  of 
these  glands  ileath  occurs  from  the  accumidatiou  of  such  toxic 
bodies  in  the  blofui  and  tissues.  Thus  Macallurn  ?j  states  that  in 
animals  in  which  tetany  had  developed  as  a  consequence  of  extir- 
pation of  the  parathyroids,  bleeding:  imd  infusiim  of  .salt  solution 
caused  the  tetany  to  disappear.     In  a»'  interesting  case  of  tetany 

*  MouKsu.    'Prrx*.  Fourth  IntemiUioniil  i'hysiolog.  Congroas."  1898. 

fGley,  '■  Pfltlger'H  Archiv."  m.  308.  1897. 

X  VasaiUe  and  Gcnprnlo.  "  .Archivr-.s  jtAlicnnps  tie  hioloeie,"  33.  1W)0, 
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in  man  following  upon  a  jjreatly  dihtted  stoniarh  hi.stolojrical  ex- 
amination of  the  piirathyroUis  sliovved  evidences  of  active  cell  mul- 
tiplication. The  inference  in  this  ca.se  wotjid  seem  to  lie  that  the 
toxins  rettulting  from  the  gastric  conditions  had  aronsetl  a  com- 
pensaton'  incretise  in  parathyroid  activity.  No  precise  statement, 
however,  can  be  made  rejrarding  the  physiologA'  of  the  parathy- 
roids. The  old  view  that  they  represent  follicles  of  undevelojKrd 
or  emhr>*onic  thyroid  tissue  is  not  supported  by  experiments.  We 
must  Ijelieve  rather  that  the  parathyroids  and  the  thyroids  jire 
different  structui-es;  tlieir  histolo^T,'  is  different,  tliey  haveflifferent 
enibr>oiogical  origins,  and  physiologically  they  subserve  different 
functions.  Chemically  abo  there  is  perhaps  u  flLstinction  in  that 
the  iodin  comjiounds  so  characteristic  of  the  thyroid  tissue  ai'e  said 
by  some  obser^'e^s  to  lie  absent  from  the  parathyroids,  l^ome 
obsen'ers  contend  that  theiv  is  a  ccn-rt^hition  of  functions  l^etween 
the  th^nxiids  and  parathyroids,  but  the  proofs  for  this  view  are  not 
convincing. 

The  General  Nature  of  the  Functions  of  the  Thyroids  and 
Parathyroids. —  DLsregarding  the  difference  in  function  l>elween 
these  two  IxMJies,  it  is  quite  e\ident  from  the  facts  given  that  they 
exerciae  an  important  ctjntrol  over  the  prot^eases  of  nutrition  of  the 
body,  and  especially  perlmps  over  those  of  the  central  ner\'ou8 
system.  How  Ls  tliis  contnfl  exerted?  Two  general  |K)iiiis  of  view 
have  l)een  advocated.  According  to  one  lheor>'.  the  thyroid  tis- 
sues elaljorate  a  sj)eeial  internal  secretion,  chanrnterized  by  its 
contents  in  iodin.  'J'his  secretion  Is  given  off  to  the  lymph  or  blood, 
\s  carried  to  the  tissues,  and  there  exercises  a  regulating  a(;ti<>n  of 
an  important  f»r  indeed  essential  churacler.  Excision  or  atnifihy 
of  these  iKKlies  n^ult.s  in  a  Iikss  (►[  (hii<  secretion  anil  a  consequent 
malnutrition  or  perverted  inetaljolisjn  in  other  tissues  of  the  organ- 
ism. This  view  prevails  for  the  case  of  the  thyrf)ids.  According 
to  another  point  of  view  the  function  of  these  Ixidies  is  to  neu- 
trahze  or  destroy  toxic  substimces  formeil  In  the  metaUilLsm  of 
the  rest  of  the  body,  as  the  liver,  for  instance,  destroys  the  toxic 
character  of  the  ammonia  com|>ounds  by  converting  them  to  urea. 
On  this  theon,'  the  removal  of  the  thyroid  tissues  res'ults  in  the 
accumulation  of  toxic  substances  in  the  blood  and  the  animal  dies 
by  a  process  of  auttnintoxication.  As  state<l  above  there  is  tiome 
evidence  for  this  view  in  the  case  of  the  parathyroids. 


Cfoa't  View  of  the  Function  of  the  Thyroid. — C-yon  in  numerous 
publicfttiooa  has  advocated  a  difTereut  view  of  the  function  of  tlie  tliyrDiiifi. 
These  bodies  have  a  very  large  va-^rular  supply,  and  this  uuthnr  a.*Lsiiiiie»  that 
thin  area  serves  aa  a  vascular  .^hunt  ur  Hood-fcate  tv  prviect  mcchaiiically 
the  cirrulntion  in  the  brain.     The  dilatation  of  the  thyroid  area  under  con- 
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ditinns  that  threaten  congestiou  of  the  brain  is  eiTet'ted  reflexly  hy 
of  the  hytjophywis  cerebri  and  the  vagi.     P'or  tlel^ils  of  thi**  niechaiii^ni  _^ 
aLsti  of  trie  supposietl  effect  of  the  thyroid  secretion  ou  the  irrital)ihty  of  the 
ceiitors  iniver\-atiiig  the  heart  aiid  blood-vessels  see  "  Archives  tie  phvaioiocie, 
1S»8,  p.  018. 


Thy  mus.— The  physiolojiy  of  the  thvinus  gland  is  very  ohscufe, 
indeed,  practically  nothing  Is  known  about  its  functions.  Its  prox- 
imity to  the  thyroids  and  parathyroids  and  its  general  similarity 
in  origin  would  indicate  that  like  thera  it  may  have  some  impor- 
tant specific  influence  upon  metabolism,  but  physiological  experi- 
ments so  far  have  failed  to  iliscover  what  this  influence  is.  Ac- 
cording to  Verdun  the  thymus  arises  from  the  cndothehal  pourhw 
belonging  to  the  branchial  clefts,  chiefly  from  that  of  the  third 
cleft.  Formerly  it  was  supposed  to  reach  its  maximal  develop- 
ment at  birth  and  subsequently  to  atrophy,  being  replaced  by  a 
growth  of  lymphoid  and  fatty  tissues.  More  recently  doubt  hitf 
been  thrown  upon  this  belief.  Several  observers  have  stated  that 
it  rontinues  to  increase  in  size  after  birth  imtil  the  appeiirance  of 
puberty,  and  that  true  thymus  tissue  may  pei-sist  throughout  life, 
Stohr,  in  fact,  insists  that  what  has  usually  l^een  taken  as  lymphoid 
tissue  in  the  adult  thymus  is,  in  reality,  epithelial  or  endothelial 
tissue  which  presumably  lias  some  specific  function.  On  the 
physiological  side  Abelo\is  and  Billard  have  state<i  that  extirpnlinn 
of  these  gLinds  in  the  frog  is  followed  by  the  death  of  the  animal, 
but  later  ol)servers  have  failed  to  confirm  this  result  either  upoa 
frogs  or  mammals  (guinea-pigs),  so  that  we  must  !x»licve  that 
whatever  their  function  may  he  it  is  not  absolutely  esiaential  ta 
the  life  of  the  organism.  Injections  of  excract  of  ihe  giaadj 
(Svehla)  cause  a  fall  of  blood-pressure  and  some  quickening  of  the- 
heart-lieat,  but  these  effects  are  not  specific.  Unlike  the  thyroid ^ 
and  parathyroid  glaujls.  the  thymus  contains  no  iotlin  (Mendel). 
The  only  definite  suggestion  made  regarding  its  influence  is  thjit 
there  is  some  sort  of  reciprocal  relationship  l)etween  it  and  the 
productive  glands.  Castration  (Henderson)  causes  a  |)erei8tcnt| 
growth  and  retarded  atrophy  of  the  thymus,  while  removal  of  thi 
thymus  (Palou)  hjistens  the  development  of  the  testes.* 

Adrenal  Bodies. — The  adrenal  bodies — or,  as  they  are  frequentJv 
called  in  human  anatomy,  the  suprarenal  capsules — belong  to  thej 
gn)U]>  of  ductless  glands.     It  M'as  shown  first  by  Brown-S^|UJtid 
(lSi>0)  that  removal  of  these  bodies  is  followed  rapidl>-  by  deatlu 
This  result  has  been  confirmed  by  many  experimenters,  and  90  far( 

♦R*»ferences: — Friedleben.  **  Uie  Physiologic  der  TliymusdrOw."  ISSS; 
Verdun,  "  D*^riv6<(  brancliiaux  rhoz  li*s  vert/'brc^'S."  ISttS;  Haminar.  "  Pflii£Br'i 
Artrliiv,"  ex.,  and  "  Anatom.  Anzt'iger,"  xxvii.;  Hendersou.  "  Jounud  irf  Hiw 
i-luicy.  "  1904.  .\x.\i.,  222;  Stdhr.  *'  I3eJt.  z.  Anat.  u.  Entwick/'  Aiuitcm 
Hcfte,  19U6,  xxxi.,  409. 
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fts  the  obsen'ations  go  the  cflTort  of  t-nniplote  removal  is  the  same 
in  all  animals.  The  fatal  effect  is  more  rapid  than  in  the  cafe  of 
removal  of  the  thyroids,  death  followmg  the  operation  usually  in 
two  to  three  tlays,  or^  according  to  some  accounts,  within  a  few 
hours.  The  symptoms  preceding  death  are  great  prostration,  mus- 
cular weakness,  and  niurked  diminution  in  vascular  tone.  These 
symptoms  resemble  tht^sc  occurring  in  AddLson^s  disease  in  man. — 
a  disease  which  clinical  evidence  has  shown  to  l>e  asscx-iated  with 
pathological  lesions  in  the  suprarenal  capsides.  It  has  l>een  ex- 
pected, therefore,  that  the  results  obtainetl  from  thyroid  treatment 
of  myxedema  might  l>e  paralleled  in  vases  of  Addison's  disease  by 
the  use  of  adrenal  extnicta,  but  so  far  these  expectations  have  not 
been  completely  realized.  OHver*  and  Schaefer,  and,  about  the 
same  time,  Cybulski  and  Sa^ymonowicz^t  <liscoveretl  that  this  organ 
forms  a  peculuir  substance  that  has  a  ver>'  definite  physiological 
action,  especially  upon  the  circulator\'  system.  They  found  that 
aqueous  extracts  of  the  medulla  of  the  gland  when  injected  into  the 
blo<xi  of  a  living  anijnal  have  a  remarkable  inducnce  ujH^n  the  heart 
and  blood-vessels.  If  the  vagi  are  intact,  tlie  adrenal  extracts  cause 
a  ver>'  markeil slowing  of  the  heart  l^at  tcigether  with  a  rise  of  blotxl- 
pressure.  When  the  inhibitor)*  fibers  of  the  vagus  are  thrown  out 
of  action  by  section  or  by  the  use  of  atropin  the  heart  rate  is  ac- 
celerated, while  the  bknid-pressure  is  increase<l  sometimes  to  an 
extraordinar)'  extent.  These  results  are  obtaine<J  with  veT>'  small 
doees  of  the  extracts.  iSchaefer  states  that  as  little  as  5^  mgms. 
of  the  dried  gland  may  prcxiuce  a  maximal  effect  upon  a  dog  weigh- 
ing U)  kgms.  The  effects  produced  by  such  extracts  are  quite  tem- 
porary in  character.  In  the  course  of  a  few  minutes  the  blood- 
pressure  returns  to  nom\al,  as  also  the  heart  beat,  showing  that  the 
substance  has  been  destroyed  hi  some  way  in  the  body,  although 
where  or  how  this  destruction  occurs  is  not  known.  According  to 
Schaefer,  the  kidneys  and  the  adrenals  themselves  are  not  respon- 
sible for  this  prfjmpt  elin^inatiou  or  ilcstruction  of  the  active  sub- 
stance. {Several  observers  have  shown  satisfactorily  that  the  ma- 
terial producing  this  effect  is  present  in  perceptible  quantities  in 
the  blood  of  the  adrenal  vein,  so  that  there  can  be  but  little  doubt 
that  it  is  a  distinct  internul  secretion  of  tlie  adrenal. J  Dreyer  has 
shown,  moreover,  that  ibe  amount  of  this  sul^tance  in  the  a<irenal 
blood  is  increased,  judging  from  the  physiological  effects  of  its  in- 
jection, by  stimulation  of  the  splanchnic  nerve.  .Since  this  result 
was  obtained  independently  of  the  amount  of  blood-flow  through 
the  gland,  Dreyer  makes  the  justifiable  assumption  that  the  adrenals 
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poanoB  secretory  nene  fibers.  Abel  *  has  succeeded  in  LsoUt 
flubeuace  from  the  gland  that  produces  the  effect  on  bloTMl-pj 
and  beftrt  rate,  and  proposes  for  it  the  nmne  epinephnn  hydrai**. 
Be  waBifjis  to  it  the  formula  C,pH^*0^  iH^O  and  describ^  it  u 
a  pecufiar,  unstable,  basic  body.  Salts  of  epinephriu  may  l«  oth 
tMned  whicfa  irben  injected  into  the  riifulation  cause  the  lypicAl 
effects  produced  by  injection  of  extracts  of  the  gland. 

The  active  principle  of  the  gland  has  been  prepared  in  cr>^tftIliM 
form  and  named  adrenalin  (Takamine.  Aldrich);  its  formula  a 
l^veD  as  C^uXO^-  This  substance  is  much  used  practically  in 
minor  snrpcal  operations  as  a  hemostatic  to  check  the  flow  of  lilnxL 
Tlie  coQstnctioa  oi  the  blood-vessels  seems  to  be  due  to  a  direct 
effect  upon  tbe  wails  of  the  vessels,  either  upon  the  miLsculaiure 
itsetf  or  apoa  the  codings  of  the  peripheral  ner\'e  Bbers  <!:  ' 

to  these  muscles.  That  the  effect  is  not  entirely  central  L- 
by  the  fact  that  after  destruction  of  the  vasoconstrictor  renter  ar 
removal  of  the  spinal  cord  injection  nf  the  extracts  causes  a  rise 
of  blood-presfure  of  iOO  per  cent,  or  more.  Lan^ley  has  called 
aStcntioQ  to  the  peculiar  fact  that  the  action  of  adrenal  extracts 
or  sohitkms  of  adreoaiin  on  plain  muscle  reeembles  always  the, 
effect  of  stimulating  the  s>'mpathetic  ner\'es  supplying  the 
tissue.  It  has  beeo  proposed,  therefore,  to  use  these  solutions 
detenniDe  whether  or  not  pven  vascular  areas,  such  as  tliose  of  th 
brain  or  hm^  are  prox-ided  with  vasoconstrictor  nerve  libeiv^ 
\S~ben  adrntafia  is  injected  into  a  nonnal  animal  it  may  have 
influence  upon  the  Den's  centers  of  the  vasomotor  ner\'«s  as 
as  ttpon  the  peripheral  ending  Meltxerf  has  shoMin  that  mod-1 
erate  doaes  nnder  such  eooditioiis  may  cause  a  dilatation,  whil 
m  parts  whose  roiinertxm  with  the  nene  center  is  de&tro>-ed  only 
a  constriction  is  obtained.  Under  normal  conditions  aS  least 
these  extracts  when  injected  into  the  circulatioQ  soon  lose  their 
effect.  This  fact  may  explain  why  injectioQ  of  the  extracts  hu 
&iled  to  give  permaxkent  refief  in  animals  from  whom  tlie  adreoak_ 
had  hecn  re!mo\-ed  or  in  human  beings  suffering  from 
disease.  Bearing  in  mind  the  resuhs  obtained  in  the  esse  of 
roidectomy.  it  has  been  suggested  that  grafts  of  the 
the  skin  or  into  the  peritooeal  cavity  may  pro\-e  more  effi 
Results  b>'  this  method  have  been  chiefly  negatix'e.  owing  a| 
to  the  fact  that  in  sudi  grafts  the  medullary  substance,  whkh 
tains  the  material  thai  csuwin  coostrictioo  of  the  blood-vessels, 
readily  undergoes  atrophy  wnd  absorptkm,  but  Busch  aad  Van 
Bergeo  t  report  at  least  OQesuceesrfultiaiHplantatkmQf  theadreital 

•  Abri.  "Brrirlit«  d.  deui.  cben.  GtmBmbmtt"  tl.  38&  I«M. 
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(rabbit)  in  which  the  medulla  persisted,  and  in  which  the  grafted 
gland  preserved  the  animal  from  the  usual  fatal  result  following 
total  extirpation-  It  seems  proljuljlu  that  if  the  method  of  grafting 
ia  perfecteti  the  procedure  may  prove  effective  ojj  a  therapeutical 
means  in  the  treatment  of  Addison's  disease. 

The  Physiological  Rftle  of  the  Adrenals. — There  seems  to  be 
no  (juestitMi  tha{  the  medullan-  subHt^nce  forms  epinephrin  or  adre- 
nalin or  some  reluteil  com^xHind  which  has  a  marked  stijnulatiiig 
effect  upon  the  tone  of  the  blooii-vessels  and  upon  the  heart,  and 
that  this  material  passes  into  the  blood.  The  general  view,  there- 
fore, has  been  that  one  at  least  of  the  fimctions  of  the  adrenals  is 
the  internal  secretion  of  thLs  materiaL  It  is  assumed  that  its  con- 
tinued formatiiin  is  necessar>'  to  the  maintenance  of  the  normal 
metabolism  of  the  muscular  tissues  either  by  a  direct  effect  or 
indirectly  by  influencing  the  activity  of  the  nerve  centers.  Removal 
of  this  secretion  results  in  a  marketl  loss  of  muscular  tone  and  vigor, 
exhibited  by  the  bl<xxl-vessels,the  heartland  the  skeletal  muscles,  and 
death  follows  rapidly.  This  general  view  is  in  accord  with  the 
facts  80  far  as  they  are  known,  but  it  must  be  confessed  that  it  goes 
somewhat  beyond  the  facts.  Another  permissible,  although  less 
prol^able  view  is  that  the  adrenals  produce  an  antitoxic  substance 
whose  function  Ls  to  neutralize  or  destroy  certain  (unknown)  poi- 
sonous products  of  IxKly  metabolism.  Removal  or  disease  of  the 
adrenals,  on  this  theor>',  causes  death  because  it  allows  these 
toxic  products  to  accumulate.  It  aliould  l»e  noted  that  this  sug- 
gestion regarding  the  fumtioti.s  of  the  ailrenal  glands  refers  only 
to  the  medullar}^  portion,  in  which  alone  the  substance  caus- 
ing a  rise  of  blood-pressure  is  found.  Kegartling  the  functions  of 
the  relatively  large  cortical  portion  of  the  gland  we  have  no 
definite  information,  although  some  comparativp  observations 
indicate  that  it  may  have  imiHJrtant  specific  relations  to  the  growth. 
of  the  IkkIv,  particularly  of  the  genital  organs. 

Pituitary  Body.- -This  Ijody  is  usimlly  described  as  consisting 
of  two  parts, — a  large  anterior  lol)e  of  distinct  glandular  structure 
and  a  much  smaller  posterior  lobe  whose  stnicture  Ls  not  clearly 
known.  The  cells  are  said  to  form  follichw  which  contain  some 
colloid  nmterial.*  Embr>'oIogically  the  two  lobes  are  entirely  dis- 
tinct. The  anterior  Iol>e,  wliich  may  be  designated  as  the  hypoph- 
ysis cerebri,  arises  from  the  epithelium  of  the  mouth,  while  the 
posterior  loin*,  or  the  infundibular  ImhIv.  develo])s  as  an  outgrowth 
from  the  infundibuhmi  of  the  brain,  and  in  the  a^Iidt  remains  con- 
nected with  thw  portion  of  the  lirain  by  a  long  stalk.     Howell  t  and 

•Thoro.     Archiv  f.  mik.  Anal  /'  57.  r>32.  1001. 
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Others  have  shown  that  extracts  of  the  hypophysis  when  injected 
intravenoush'  have  Httle  or  no  physiological  effect,  while  extracts 
of  the  infundibular  body,  on  the  contran*.  cause  a  marked  rise  of 
blood-pressure  and  slowing  of  the  heart  beat.  These  efTerfs  resemble 
in  general  tliose  ol.)tained  from  adrenal  extnicts,  but  differ  in  some 
details.  They  aeeni  to  warrant  the  conclusion  that  the  infundib- 
ular body  is  not  a  mere  rudimentaiy  organ,  as  had  been  generally 
assumed,  but  produces  a  peculiar  substance,  an  internal  secretion, 
that  may  have  a  distinct  physiological  value.  The  most  signifi- 
cant observation  made  in  regard  to  the  probable  fimctional  signifi- 
cance of  the  internal  secretion  of  the  infundibular  lol>e  is  foimd 
in  the  experiments  of  Schafcr  and  Herring.*  These  observers 
report  that  tliis  part  of  the  gland  yields  a  substance  soluble  in 
water  and  not  destroyed  by  l:K>iling,  which  acts  specifically  upon  the 
kidney,  prothicing  a  dilatation  of  the  rennl  vessels  and  an  increased 
secretion  of  urine.  A  number  of  observers,  especially  \'assale  and 
Sacrhi.  have  succeeded  in  removing  the  entire  pituitary*  body. 
They  n-port  that  tlic  opcnition  results  eventually  in  the  death  of 
the  animal  with  a  certain  group  of  symptoms,  such  as  muscular 
tremors  and  spasms,  apathy  and  dyspnea,  that  resemble  the  results 
of  thyroidectomy.  It  has  been  suggestetl.  therefore,  that  the  pit- 
uitary lx)dy  may  be  related  in  function  to  the  thyixiids  and  may  be 
able  to  assume  vicariously  the  functions  of  the  latter  after  thy- 
roidectomy. There  Ls  no  sntisfactoiy  evidence,  however,  in  support 
of  this  view.  On  the  pathological  side  it  has  been  shown  that 
usually  lesions  of  the  pituitaty  body,  particularly  of  the  hy-pophysis, 
are  associated  with  a  peculiar  disease  known  as  acromegaly,  the 
most  prominent  symptom  of  which  is  a  marked  hypertrophy  of  the 
bones  of  the  exti-emities  and  of  the  face.  The  conclusion  sometimes 
drawn  from  this  fact  that  acromegaly  is  caused  by  a  disturbance 
of  the  functions  of  the  pituitary'  body  is.  however,  ver>'  uncertain, 
and  is  not  supporlcil  by  any  <lefinite  clinical  or  experimental  facts. 

Organs  of  Reproduction. — Some  of  the  earliest  work  upon  the 
effect  of  the  internal  secretions  of  the  glands  was  done  upon  the 
reprodu("tive  plands.  especially  the  testis,  by  Brown-SOquard.f  Ac- 
cordinjr  to  this  oliserver.  extracts  of  the  fresh  testis  when  injected 
under  the  skin  or  into  the  blood  may  have  a  remarkable  influence 
upon  the  nervous  system.  Mental  and  physical  vigor,  and  the 
activity  of  the  spinal  centers,  are  greatly  improved,  not  only 
in  cases  of  general  prostration  and  neurasthenia,  but  also  in  tho 
case  of  the  aged.  Hrown-StVpiard  maintained  that  this  general 
dynamogenic  effect  is  due  to  some  imknown  substance  formed 
in  the  testis  and  subsequently  passed  into  the  blood,  although  he 

•  Schafer  .ind  Horring,  "Philasopliical  Tmnsnctionii.  RoyiJ  Society/* 
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admitted  that  some  of  the  same  siiljstance  may  \)e  found  in  the  ex- 
ternal secretion  of  the  te,stis — i.  c,  the  sjx^nnatic  liquid.  Poehl* 
assorts  thut  he  has  preparetl  a  substaupe,  ajx^rniin,  to  which  he  ^ves 
the  formula  C^Hi^Xj,  whieh  has  a  ver>'  bciK'fifial  cPfoi't  upon  the 
metabolism  of  the  IxkIv.  He  beheves  that  this  siM?niiin  is  the  sul> 
8t&nee  that  ^ves  to  the  testitnibir  extracts  prepared  by  Brown-S6- 
quanl  their  stimulating  effert.  He  claims  for  this  sul>8tanee  an 
extraonlinar>'  action  as  a  i^hvi^iologieal  tonic.  Zotht  and  also 
Pr^el  X  seem  to  liave  obtained  exact  objective  proof,  by  means 
of  ergographic  records,  of  the  stimulating  action  of  the  testicular 
extracts  ujjou  the  neuromuscular  apparatus  in  man.  They  find 
that  injections  of  the  testl<'ular  extracts  cause  not  only  a  diminu- 
tion in  the  muscular  and  ncn-ous  fatigue  resulting  from  muscular 
work,  but  also  lessen  the  subjective  fatigue  sensations.  The  fact 
that  the  internal  secretion  of  the  testis,  if  it  exists  at  all,  Is  not  ab- 
solutely essential  to  the  life  of  the  body  as  a  whole,  as  in  the  case 
of  the  thymids,  adrenals,  and  pancreas,  naturally  makes  the  satis- 
factorj'  determination  of  its  existence  and  action  a  more  diHicult 

Similar  ideas  in  general  prevail  as  to  the  possibility  of  the  ovaries 
furnishing  an  internal  secret  imi  that  plays  an  iuiix>rt.ant  part  in 
Ifeoeral  nutrition.  In  jonerological  practice  it  has  l>een  observed 
that  complete  ovariotomy  with  its  resulting  premature  menojjause 
is  often  foUowetl  by  distressing  symptoms,  mental  an<i  physical. 
In  such  cases  nmny  obser\'ers  have  rejwrted  that  these  symptonis 
may  ite  alle\Tate(l  by  the  use  of  ovarian  extracts.  Morris?  reports 
a  number  of  cases  in  which,  after  complete  removal  of  the  ovaries, 
a  piece  of  ovar>'  from  tlie  same  or  a  different  jxTson  was  graftt*tl 
into  the  fundus  of  the  uterus  or  into  the  broad  ligament.  In  all 
cases  menstniation  persisted,  showing,  therefore,  that  the  i>resence 
of  the  ovaries  is  necessary  for  this  function.  A  similar  o|>eration 
in  cases  of  amenorrhea  or  dysmenorrhea  brought  on  free  and  easy 
menstruation  and  an  improvement  in  general  nutrition  and  well- 
being.  Glass II  also  reports  a  case  in  which  the  entire  ovary  from 
one  woman  was  trans[jlanted  into  another  patient  u|)on  whom  conj- 
plete  ovariotomy  had  l)een  j>erfonned  two  years  l>efore.  The  result 
of  the  operation  was  a  return  of  menstniation  and  sexual  desire, 
and  a  marked  alleviation  of  the  disagreeable  symptoms  following  the 
artificial  menopause.  Similar  results  have  l«een  reported  upon 
the  lower   animals.     After  complete  ovariotomy  a  ronrlition  of 

•  "Zeitachrift  f.  klintsclie  Metlirin."  26.  IM.  1804. 
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"beAt**  tovf  be  reproduced  by  grafting  ovarian  tissue^  (see 
OQ  Reproduction^  lo  the  natural  menopause,  as  well  as  in  thA 
piematare  metkopause  foUo«*inE:  operations,  it  ih  a  frequenc,  thou^ 
not  GQTanable.  result  fortheindi\idual  to  gain  noticeably  in  weight. 
An  effect  of  the  ovaries  on  gmeral  nutrition  is  indicatetl  also  bf 
the  interesting  fact  that  in  cases  of  osteomalacia,  a  dieease  chai^ 
acteraed  by  softening  of  the  bones,  removal  of  the  ovaries  maf 
exen  a  farorable  infltience  upon  the  course  of  the  disease.  UmI 
indications  have  found  some  experimental  verification  in  a  research 
by  Loewy  and  Richterf  made  upon  dogs.  These  observere  found 
that  complete  removal  of  the  ovaries,  although  at  first  apparently 
vithout  effect,  resulted  in  the  coun^e  of  two  to  three  mouthi^  iii  & 
marked  diminution  in  the  consumption  of  oxygen  by  the  ammal. 
measured  per  kilogram  of  body-weight.  If  now  the  animal  in  this 
cooditioQ  was  given  ovarian  extracts  (oophorin  tablets),  the  amouot 
of  ox3rgen  consumed  was  not  only  brought  to  its  former  amount. 
but  considerably  increased  beyond  it.  A  similar  result  was  obtaiiipii 
when  the  extracts  were  used  upon  castrated  males.  The  autbon> 
believe  that  their  experiments  show  that  the  ovaries  form  a  speritic 
substance  which  is  capable  of  increasing  the  oxidations  of  the  body 
In  addition  to  the  internal  secretion  of  the  ovaries  which  is  respoo- 
sible  for  the  phenomenon  of  menstruation,  other  .similar  secrelioiu 
have  been  assumed  to  account  for  changes  cocmected  with  the 
proceas  of  reproduction.  Thus  the  implantation  of  the  fertilivd 
ovum  in  the  uterine  mucous  membrane  and  the  devel" 
the  placenta  have  l)een  supposed  to  l>e  effected  through  i 
of  some  chemical  stimulus  ari.sing  in  the  cells  of  the  corpus  luteu: 
So  also  the  development  of  the  mammar\'  glands  during  pre^nao 
is  attributed  to  the  action  of  a  hormone  forraeil  in  the  tissues 
the  fetus  itself  (see  section  on  Reproduction). 

Pancreas. — The  importance  of  the  external  secretion,  the  pan- 
creatic juice,  of  the  pancreiis  has  loae  l)een  recogniiMHl.  but  it  m&s 
not  until  1889  that  von  Mering  and  Minkowski  J  proved  that  it  fur- 
nishes also  an  equally  important  internal  secretion.  These  ohservwa 
succeeded  in  extirpating  the  entire  pancreas  without  causing  t 
inunediate  death  of  the  animal,  and  foujid  tliat  in  all  ca^^c^ 
operation  was  followed  by  the  appearance  of  sugar  in  the  urine 
considerable  quantities.  Further  obst^rvations  of  their  owii  and 
other  experimenters  have  corrol>orated  this  reeult  and  added  a  nv 
her  of  interesting  facta  to  our  knowledge  of  this  side  of  the  actirii 
of  the  pancreas.  It  has  Ix^n  shown  tliat  when  the  pancreas  is 
pletely  removed  a  condition  of  glycosuria  ine\'itably  follows^  ev 

*  Marshall  iiml  .lolly.  "Pliilosonh.  TranRartionft, "  B.  cxcviii.,  IW.  IWki 

t  Loewy  and  Richler.  'Archivi.  Physiologie, "  1899,  suppl.  vwlmne.p.  I7i 

j  Minkowski,  "Arcliiv  f.  exper  Pathologie  u.   Ph&rmakolofi^c!,  *'  31.  HSi 

1893. 
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if  carbohydrate  fcnnl  is  exeludcd  from  the  diet.  Moreover,  aa  in 
the  similar  pathological  oomlition  of  glycosuria  r>r  dial>etes  inel- 
litus  in  man,  there  is  an  inrreasi?  in  the  quantity  of  urine  (polyuria) 
and  of  urea,  and  an  abnormal  thirst  and  hunger.  Acetone  also  is 
present  in  the  urine.  These  s>'mptoms  in  ca.ses  of  complete  extir- 
pation of  the  pancreas  are  followed  by  emaciation  and  muscular 
weakness,  which  finally  end  in  death  in  two  to  four  weeks.  If  the 
pancreas  is  incompletely  removed,  the  glycosuria  may  he  serious, 
or  slight  and  transient,  or  absent  altogether,  de|)eniiing  upon  the 
amount  of  pancreatic  tissue  left.  According  to  the  experiments 
of  von  Mering  and  Minkowski  on  dogs,  a  residue  of  one-fourth  to 
one-fifth  of  the  gland  is  sulficient  to  prevent  the  appearance  t>f  sugar 
in  the  urine,  although  a  smaller  fragment  ma}'  suffice  apparently 
if  its  physiological  comlition  is  favorable.  The  |x>rtion  of  jjancreas 
left  in  the  body  may  suffice  to  prevent  glycosuria,  partly  or  com- 
pletely, even  though  its  connection  with  the  duodenum  is  entirely 
interruptefl,  thus  indicatitig  tliat  tlic  supprcssiuu  of  the  pancrejitic 
juice  is  not  respoasible  for  the  glycosuria.  The  sjime  fact  Is  shown 
more  conclusively  by  the  following  experiments:  Glycosuria  after 
complete  removal  *if  the  pancreas  fronj  its  noniial  connections  may 
be  prevente<^l  partially  <jr  completely  by  grafting  a  («jrtion  of  the 
pancn^as  elsewhenr  in  the  abdominal  cavity  or  even  under  the  skin. 
80  also  the  ducts  ()f  the  gland  may  l>e  completely  occluded  by  liga- 
ttire  or  by  injection  of  paraffin  without  causing  a  condition  of  per- 
manent glycosuria. 

On  the  basis  of  these  and  similar  results  it  is  believed  that  the 
pancreas  forms  an  intenml  j*ocretic>n  which  passes  into  the  bk>od 
and  plays  an  im[K>rtant«  indeed,  an  essential  |)art  in  the  metabolism 
of  sugar  in  the  botly.  Moreover,  considerable  evidence  has  been 
accumulated  to  show  that  the  tissue  conoeme<l  in  this  important 
function  is  not  the  [wincreatic  tissue  proper,  but  that  compKJsiiig  the 
so-called  islimt:ls  of  l^ingerhans.  In  man  these  islands  are  scattered 
thmugh  the  pancrcjis,  forming  spherical  or  oval  bo4lics  that  may 
reach  a  diameter  of  as  much  as  one  millimeter.  The  cells  in  these 
l>odies  are  polygonal;  their  cytoplasm  is  pale,  finely  granular,  and 
small  in  amoimt.  The  nuclei  possess  a  thick  chromatin  network 
which  stains  deeply.  Each  Island  possesses  a  rich  capillary  network 
that  resembles  somewhat  the  glomerulus  of  the  kidney. 

According  to  Ssbolew.*  ligation  of  the  panereatic  duct  is  followed 
by  a  complete  atrophy  of  the  pancreatic  cells  proper,  while  those 
of  the  islands  of  Langerhans  arc  not  affected.  Since  under  these 
conditions  no  glycosuria  occurs,  while  removal  of  the  whole  organ 
including  the  Islands  is  followed  by  pancreatic  diabetes,  the  obvious 
conclusion  is  that  the  diabetes  is  due  to  the  loss  of  the  islands. 
•  *'Virchow'8  Arcliiv,"  168.  91,  iy02. 
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This  conclusion  Is  strengthened  by  report*  from  the  pathologittfti 
side.     A  numljer  of  recent  observers  (Opie,  Ssbolew.  Herzf)g,  et  al ) 
find  that  in  dial>etes  melhtus  in  man  the  islands  may  \ye  markedly 
affected.     They  show  sipns  of  hyaline  degeneration  ur  atrophy  or  in 
severe  cases  may  \fe  absent  altogether.     It  should  be  added  tha( 
this  connection  of  the  islands  of  Langerhans  ^ith  the  tntemftl 
secretion  of  the  pancreas  is  by  no  means  a  demon-strated  farl. 
Several  observers*  contend  that  the  islands  represent  a  slAgeiu  the 
development  of  the   or(.Linary   .secreting   alveoli    of   the   parirrms. 
When  the  pancrea.**  is  subjected  to  prolonged  and  excessive  activity.l 
by  the  injection  of  secretin,  for  example,  the  numljer  of  isUntis  taJ 
greatly  increased,  and  the  same  result  follows  periods  of  proloneedl 
inactivity,  as  in  fasting. 

Several  theories  have  l>een  advanced  to  explain  the  action  of 
the  internal  fiocretion  of  the  punci-eas.     It  has  lieen  suggested  that^J 
the  secretion  contains  an  enzyme  wliich  is  necessary  for  the  hydrol-^H 
ysis  or  oxidation  of  the  sugar  of  the  body  and  in  tlie  absence  of^^ 
tills  enzyme  the  sugar  accumulates  in  the  hUx)d  and  is  drained  off 
through  the  kitlney.    Coluiheijiil  st^ites  that,  while  the  juices  ex- 
pressed from  muscle  and  from  pincreas  have  little  effect  upon  sugar 
when  taken  separately,  yet  when  combined  they  cause  a  marked 
disappearance  (glycolysis)   of  sugar  added   to   the   mixture.    The 
inference  from  this  result  is  that  the  pancreas  furnishes  a  substance 
which  activates  the  glycolytic  enzyme  or  enzymes  of  the  muscle 
and  thus  jiiakes  possihle  tho  physiological  consuniption  of  su( 
in  the  body.     Since  the  pancrtuus  extracts  do  not  lose  this  proper 
upon  boiling  it  is  evident  that  the  activating  substance  is  not 
enzyme,  but  a  Ivody  of  a  more  stable  character.     Other  investig&t 
adopt  an  entirely  different  \iew  of  the  relation  of  the  pancreas  to 
carbohydnit^  metabolism.      They  believe  that  the  internal  secre- 
tion of  the  pancreas  regulates  in  some  way  the  output  of  sugar 
from  the  liver  (and  other  sugar-protlucing  organs).     In  the  alisent 
of  tliis  secretion  the  liver  gives  off  its  glycogen  as  sugar  too  rapidly^ 
the  sugar  contents  of  the  blood  are  thereby  increased  (hyper^b 
cemia)  above  normal,  and  the  excess  passes  out  in  the  urine. 

Kidney.— Tigerstedt   and    Bergman t   state   that  a  substanee^ 
may  be  extracted  from  the  kichieys  of  rabbits  which  when  injected 
into  the  body  of  a  living  animal  causes  a  rise  of  blood-pressure. 
They  get  the  same  effect  from  the  blood  of  the  renal  vein, 
conclude,  therefore,  that  a  substance,  for  which  they  suggest  tl 


itscle 


*  Dale,    •  PhilosophicaJ  Transactions, "  B.  cxcvii.,  1904  ;  also  Mnceat 
Thompflon.  "Journal  of  Physioloey."  190G.  xxvii..  xxxiv. 

t  ColinlH-im,  "Zeiudirift  f.  physiolog.  Chemic."  39.  336.  1903;  mlw  I90i' 
t  "Skandinavisfhcrt  Archiv  f.   rhysiologie."  8,  223.  1898;  see  ftlM  Bwi-, 
ford,    'Proceedings  of  the  Royal  Society,"  1892. 


SECRETION  OF  THE  DUCTLI>:SS  GLANDS.  807 

name  ''  rennin,"  is  normally  secreted  by  the  kidney  into  the  renal 

blood,  and  that  this  substance  causes  a  vasoconstriction.    Other 

observers  claim  that  the  kidneys  furnish  an  important  internal 

secretion  that  affects  the  metabolism.    The  absence  of  this  secretion 

after  complete  nephrectomy  leads  to  the  production  of  uremia.* 

*  Suner.  "  Zentralblatt  f.  d.  ges.  Physiol,  u.  Path,  des  Stofferecbael, " 
1907,  ii.,  3. 


SECTION  VIII. 

NUTRITION  AND  HEAT  PRODUCTION  AND 
REGULATION. 


CHAPTER  XLVn. 
GENERAL  METHODS-HISTORY  OF  THE  PROTEIN  FOOD. 


Under  the  head  of  nutrition  or  general  metabolism  we  include 
usually  all  those  changes  that  occur  in  our  foodstuffs  from  the  time 
that  they  are  absorbed  from  the  alimentary  canal  until  they  are 
elijninated  in  the  excretions.  In  many  of  these  processes  the  oxj'gen 
absorbed  from  the  lunga  takes  a  most  unporlant  part,  and  the 
changes  directly  due  to  this  element,  the  physiological  oxidations 
of  the  body,  can  not  !x;  separated  from  the  general  metAltolic  phe- 
nomena of  the  tissues.  As  was  said  in  another  place,  therespiraton' 
histor>'  of  oxygen  ceases  after  this  element  has  reached  the  tissues; 
its  subsequent  participation  in  the  chemical  changes  of  the  organ- 
ism forms  an  integral  part  of  the  nutritional  processes.  These  latter 
processes  are  varietl  and  complex  and  only  partially  understood 
For  the  sake  of  simjjlicity  in  presentation  it  is  convenient  io  con- 
sider separately  each  of  the  so-called  foodstuffs. — the  proteins, 
albuminoids,  carbohydrates,  fats,  water,  and  inorganic  salts, — and 
attemjit  t*)  tnice  its  nutritive  history  from  the  time  it  is  absorlied 
into  the  l>liK)d  until  it  is  eliminated  from  the  Ixnly  in  the  fom»  of 
excretory*  products.  Before  imdertaking  this  description  it  is  desir- 
able to  call  attention  to  certain  general  methods  and  couceptioDS 
that  Irnve  been  develoj^d  in  connection  with  this  part  of  physiologj'. 

Nitrogen  Equilibrium. — Among  our  main  foodstuffs  the  pro- 
teins (and  aliuuuinoids)  are  characterized  by  containing  nitrc»gen. 
After  this  material  is  metabolized  in  the  body  the  nitrogen  is  elim- 
inated in  various  forms,  chiefly  in  the  urine,  but  to  a  smaller  ex- 
tent in  the  feces  and  sweat.  In  the  fe<'es,  moreover,  there  may  be 
present  some  undigested  protein  which,  although  taken  with  the 
food,  has  never  really  entered  the  bo<ly.  It  is  evident  that  tJie 
urine,  feces  (and  sweat)  may  be  collected  during  a  given  pcritui  and 
analyzed  to  determine  their  contents  in  nitrogen.    The  swvaI  i* 
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usually  neglected  except  in  observations  upon  conditions  in  which 
muscular  activity  has  l>een  a  prominent  feature.  As  a  rule,  the 
amount  of  nitrogen  is  determined  by  some  modification  of  the  Kjel- 
dahl  method.  In  principle  this  method  consists  in  heating  the 
mat-erial  to  he  analysed  with  strong  sulphuric  acid.  The  nitrogen 
is  thereby  convertetl  to  ammonia,  which  is  dislilletl  off  and  caught 
in  a  standardized  solution  of  sulphuric  acid.  By  titration  the 
amount  of  ammonia  can  be  determined,  and  from  this  the  amount  of 
nitrogen  is  estimated.  Nitrogen  fom^s  a  definite  percentage  of  the 
protein  molecule  {about  16  per  cent.) ;  so  that  if  the  weight  of  nitro- 
gen is  multi|)lted  by  6.25  the  weight  of  protein  from  wliich  it  is  de- 
rived IS  obtained.  If.  on  the  other  hand,  the  nitrogen  is  determine<i 
in  the  food  eaten  during  the  period  of  the  experiment  it  is  evident 
that  a  balance  may  Ix!  struck  which  will  tletennine  whether  the 
body  is  receiving  or  losing  nitrogen.  If  the  balance  is  even  the  l>ody 
is  in  nitrogen  efpiilibrium — that  Ls,  it  is  receiving  in  the  food  as 
much  nitrogen  (or  protein)  as  it  is  metalx)liring  and  eliminating  in 
the  excreta.  If  there  is  a  plus  balance  in  favor  of  the  Uxk\  it  is 
evident  that  the  Ixidy  is  laying  on  or  storing  protein  tissue,  while 
if  the  balance  is  minu.^,  the  body  must  [->e  losing  protein.  During 
the  period!  of  growth,  in  convalescence,  etc.,  the  body  does  store 
protein,  nn<l  imder  these  conditions  the  balance  is  in  favor  of  the 
food  nitrogen.  But  throughout  adult  life  under  normal  conditions 
our  diet  is  so  regulated  by  the  appetite  that  a  nitrogen  equiliiirium 
is  maintained  through  long  periods.  Under  experimental  condi- 
tions, involving,  for  instance,  a  special  iliet,  it  often  becomes  neces- 
8ar\'  to  make  the  analyses  for  nitrogen  in  order  to  determine  whether 
or  not  the  individual  b  losing  or  gaining  protein  or  is  in  et^uilihrium. 
It  is  important  also  to  liear  in  mind  that  nitrogen  or  protein 
eqmlibrium  may  l)e  established  at  different  levels.  If.  for  instance, 
a  man  is  in  nitrogen  equilibrium  on  a  diet  containing  10  gms.  of 
nitrogen,  what  will  happen  if  the  protein  in  this  diet  is  doubled  ? 
Our  experience  teaches  us  that  the  extra  10  gms.  of  nitrogen  or 
62.0  gms.  of  protein  is  not  stored  in  the  l>ody  indefinitely.  As  a 
matter  of  fact,  the  extra  protein  is  metabolized  in  the  body  and 
nitrogen  equilibrium  becomes  established  at  a  higher  level.  Where- 
as under  the  first  condition  62.5  gms.  of  protein  were  eaten  and  62.5 
gms.  of  protein  were  lost  from  the  bo<ly.  either  in  the  form  o!  nitrog- 
enous excreta  or  in  the  feces  as  undigested  protein,  under  the 
second  condition  125  gms.  of  protein  are  eaten  and  125  gms.  of  pro- 
tein are  lost.  The  total  mass  of  protein  tissue  in  the  body  may 
remain  the  same,  or  if  any  increase  takes  place  at  the  beginning  of 
the  ch.ange  in  diet  it  soon  ceases.  F^xperimentally  it  is  found  that 
there  is  a  certain  low  limit  of  protein  which  just  suffices  to  maintain 
nitrogen  equilibrium,  and  between  this  level  and  the  capacity 
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the  Ixxiy  to  digest  and  absorb  protein  food  nitrogen  equilihrium 
may  be  maintained  upon  any  given  amount  of  protein. 

Carbon  Equilibrium  and  Body  Equilibrium. — The  term  c-v- 
bon  equilibrium  is  ,sometime?i  use<.i  to  describe  the  condition  ic  whidi 
the  total  carbon  of  the  exrreta  (in  the  carlx>n  dioxid.  urea,  eto)  is 
balanced  by  the  carlxm  of  the  food.  It  Is  possible  that  an  indinduaJ 
may  be  in  nitrogen  equilibrium  and  yet  be  losing  or  gaining  la 
weight,  since,  although  the  consumption  of  proteins  may  just  !< 
covered  by  the  proteins  of  the  food,  the  comsumption  of  non-protela 
material,  particularly  the  fat.s  of  the  body,  may  be  greater  than  th# 
supply  furnished  by  or  manufactured  from  the  food.  An  animal 
may  lose  or  gain  in  carbon  when  his  nitrogen  supply  \s  in  equilib- 
lium.  In  the  same  way  under  special  circumstances  we  may 
speak  of  a  water  equilibrium  or  a  salt-8  equilibrium,  although  th(*« 
terms  are  not  generally  used.  An  adult  under  normal  conditjotii] 
lives  so  as  to  maintain  a  general  IxKly  equilibrium:  his  ingestn 
all  kinds  are  balanced  by  the  corresponding  excretioas,  and  t! 
individual  maintains  a  practically  constant  body-weight. 

Complete  Balance  Experiments — Respiration  Chamber.- 
Acconling  to  the  statements  ma<lc  in  the  last  paragraph,  it  is  obviui 
that  if  the  analytical  work  is  properly  done,  an  exact  balance  ma] 
be  drawn  between  the  proteins,  fats,  and  carbohydrates  eaten 
food  and  the  proteins,  fats,  and  carbohydrates  destroyed  m  IJ 
body  as  represented  by  the  nitrogen  and  carbon  contained  in  ll 
excreta.    Complete  experiments  of  this  kind  were  attempted  fii 
by  ^'oit  *  and  Pettenkofer,  to  whose  work  mtich  of  our  fundaiuenl 
knowledge  is  due.     In  the  experiments  of  these  authors,  made  uj 
men  as  well  as  animals,  the  total  nitrogen  of  the  urine  and  feres  wa»j 
detemiinetl  and  the  total  quantity  of  CO^  given  ofif  from  the  lutij 
was  estimated.    This  last  determination  was  made  possible  tor] 
placing  the  individual  in  a  specially  constructed  chamber  or  re»j 
ration  apparatus.     Air  was  drawn  through  this  room  by  means 
a  pump.     The  total  quantity  of  air  pa.ssing  through  the  room  wa« 
measuretl  by  a  gtisometer  and   definite   fractions  were  drawn  o(F 
from  time  to  time  for  analysis  of  its  CO,.     From  the  figures  ihuaj 
obtained  it  was  possible  to  estimate  the  entire  CO,  given  off  durinf  | 
the  perio<l  of  observation.     Knowing  the  total  nitrogen  and  carboa 
eliminateil.  it  is  possible  to  estimate  the  amount  of  pnilcin  and 
fat  or  carlwhydrate  destroyed  in  the  Ixnly.     If  the  carlKin  belong- 
ing to  the  amount  of  protein  metabolized  is  deducted  from  the  total  I 
carbon  excreta,  what  is  left  represents  either  fat  or  carbohydralii 
burnt  in  the  bo<iy.  and,  knowing  the  amount  of  these  materials 
taken  in  the  tliet.  it  is  possible  to  ascertain  whether  the  correspond- 
ing amount  of  carbon  has  all  been  excreted.     By  experiments  of 
*  iSee  Hermann's  "  Handbuch  der  Physiotagie, "  voU.  vi.,  1881. 
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this  kind  a  nearly  |)erfect  balance  may  \ye  struck  between  the  in- 
come and  the  outgo  of  the  body.  Al>3ohite  accuracy  is  not  sought 
for,  since  the  materials  eaten  vant-  somewhat  in  coiuix)sition  and 
some  little  of  the  carlx>n  or  nitrogen  excretetl  is  found  in  the  secre- 
tions from  the  skin,  the  saliva,  etc,  which  are  not  usually  examined. 

More  recent  experiments  matlc  in  this  countr>'  under  the  direc- 
tion of  Atwater*  have  attempted  to  balance  not  only  the  material 
income  and  outgo  of  the  btxly  during  a  gi^'en  [x^riod,  but  also  the 
income  and  outgo  of  energ}*.  For  tliis  purpose  the  indi%nduals  ex- 
perimented upon  were  placed  in  a  ^'cr}-  carefully  constructed  respi- 
ration chamber  so  that  their  expired  air  could  l>e  analyzed  as  well 
as  the  urine  anil  feces.  The  chan^l>er,  however,  was  also  arranged 
to  act  as  a  calorimeter  (see  p.  855)  by  means  vif  which  the  heat  given 
off  by  the  i)erson  could  Ije  measured.  The  he^t  value  of  the  diet 
being  known,  it  is  possible  in  this  way  to  ascertain  whether  or  not 
this  theoretical  amount  of  heat  is  actually  given  off  from  the  body. 
Atwator's  respiration  chamber  is  (tc.scril>cd  as  a  respiration  calorim- 
eter; some  of  the  results  obtained  from  its  use  are  referred  to  later  on. 

The  Effect  of  Non-protein  Food  on  Nitrogen  Equilibrium. — 
By  use  of  the  methods  inferred  tt)  aliove  the  general  inHuence  of 
the  non-protein  foods  (fats,  carbohydrates,  albuminoids)  upon  the 
protein  consumption  of  the  hody  has  lieen  made  evident.  An  ani- 
mal may  lie  bn)ught  into  nitrogen  etpiiliLirium  on  protein  food  alone, 
the  amount  of  prot-ein  retpured  being  relatively  large.  If  now 
non-protein  foodstuffs  are  added  to  the  diet  it  is  found  that  the 
amount  of  prot-cin  ncccssiiry  to  maintain  nitrogen  equilibrium  may 
be  reduced  corrci<pondingly.  With  refererR-e  to  the  consumption 
of  protein  in  the  Ivody  the  non-protein  foods  are  all  protein-aparrrs, 
an<i  herein  lies  one  great  peculiarity  of  their  nutritional  value. 
On  a  mixed  diet  of  protein  and  non-pmtcin  food  the  proportion  of 
the  latter  may  Ixi  incrcitscd  and  that  of  the  former  ilecreased  to  n 
marked  extent  without  breaking  down  nitrogen  efjuilihrium^ 
that  is.  without  causing  a  lo-^s  of  protein  tissue  from  the  body. 
This  fact  is  exptained  by  the  consideration  that  the  protein  of  our 
food  fulfills  two  general  functions  :  Its  oxidation  furnishes  energy, 
especially  heat  energ>'  to  the  Ijody.  and,  moreover,  a  portion  of  it 
is  used  to  reconstruct  the  living:  protoplasm  which  breaks  down  in 
the  functional  activity  of  the  tissues.  The  non-prot-ein  food  also 
furnishes  heat  energy  and  work  energy,  and  can  replace  this  part 
of  the  ftmction  fulfilled  by  the  protein. 

The  Nutritive  History  of  the  Protein  Food. — The  digestive 
changes  undergone  by  protein  and  its  sulwequent  absorption  have 
been  described  in  the  section  on  Digestion.  It  will  be  rememl>ered 
♦  Atwater,  BulletioH  45,  63.  69.  United  StaUw  Departineul  of  Agriculture. 
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ihat  the  products  of  protein  tU^estiou  are  ab^iorbed  mainly  into  the 
blood-vessels  of  the  intestine^  and  therefore  must  pass  through  the 
liver  before  reaching  the  general  circulation.  It  will  also  be  remem- 
bered that  we  are  as  yet  ignorant  of  the  precise  form  in  which  these 
products  enter  the  portal  blood.  This  deficiency  in  our  knowledge 
constitutes  a  serious  obstacle  to  a  satisfactory  explanation  of  the 
nutritional  history  of  the  protein.  Three  general  views  have  l>eeii 
advanced  cfincerning  the  ultimate  fate  of  the  absorbed  material. 
In  two  of  these  theorien  it  is  aasumeii  that  the.  digested  material  b 
synthesized  into  a  new  pruteui,  l^efore  or  after  absorption.  l>eing 
converted  into  what  we  might  call  a  body  protein  characteristic  of 
the  animal.  Although  it  is  not  specifically  stated,  the  assumption 
seems  to  Ix^  that  this  body  protein  is  the  serum-albumin  of  the 
aniiMid's  Itlood. 

Arcepting  this  general  assumption,  one  theorj%  advocated  by 
Pfluger,  suppases  that  before  undergoing  physiological  oxidation 
all  of  this  absorl)ed  material  is  built  up  into  the  hving  protoplasm 
of  the  various  tissiies  ;ind  then  undergoes  the  characteristic  metab- 
olism (catiibolism  or  disassimilation)  of  that  tissue. 

The  tiecond  iheojy,  advanced  by  Voit,  assumes  that  some  of  the 
absorbed  material  is  aasimilat«d  to  form  living  protoplasm^  so  far 
as  this  is  necessaiy  to  replace  the  wast4?s  of  the  tissue  or  to  provide 
new  material  for  growth.  The  portion  of  the  ai)sorl)eil  protein 
that  subserves  this  function  is  designated  as  thi^ur  protein.  It  is 
obvious  that  this  function  carmot  be  replaced  iiy  the  non-pmtein— 
that  ia,  the  non-nitrogenous — foodstuffs.  The  larger  portion  of  tiie 
absorbed  material,  however,  after  di.striluition  to  the  tissues  is 
destroyed^  with  lilx^ratiou  of  heat,  under  the  influence  of  the  activity 
of  (he  living  cells,  but  without  actually  Woming  transformed  into 
living  matter.  The  cells  act  toward  this  material  a.i  the  yeast 
cells  do  toward  the  sugar  that  they  decompose  into  alcohol  and 
carbon  dioxid.  The  portion  of  the  protein  that  undergoes  this  fate 
is  designated  as  the  nrculutuuj  protein,  on  the  h}7>othesis  that  it 
enters  the  circulating  liquids  of  the  body,  the  blood,  and  lymph. 

The  third  general  point  of  view  has  not  been  formulated  very 
definitely,  hut  represents  perhaps  the  trend  of  modern  investigation. 
According  to  this  theory,  the  split  products  of  protein  digestion, 
the  monamino-  and  diamino-lx)dies — leuoin.  tyrosin,  arginin,  etc. — 
are  not  wholly  built  up  into  a  new  body  protein.  Some  of  the  ma- 
terial must  be  so  .synthesized,  either  in  the  intestine  or  in  the  tis- 
sues, to  provide  material  for  the  regeneration  of  the  wastes  of  the 
body,  and  it  will  lie  rememl^red  that,  as  stated  by  Abderhalden 
p.  729),  there  is  some  evidence  that  a  portion  of  the  protein  mole- 
cule during  digestion  is  not  broken  up  into  the  ultimate  split  prod- 
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ucta.  but  remains  in  the  more  or  less  complex  form  indirnted  by  the 
term  polATJeptid.  This  portion  may  serve  lus  a  niirlpus  for  the 
reconst ruction  of  a  bmly  protein  suitable  for  Jissimiliittoii  into  the 
living  siru4'ture  of  the  rells.  On  the  other  hand,  it  Is  known  that 
some  of  tlie  split  products  of  the  di^stion  of  pratein^the  am- 
monia, the  leucin,  etc. — when  circulated  through  the  liver,  give 
rise  to  ilrea.  Since  the  split  pro<lu('ts  of  protein  digestion  are  car- 
ri«i  at  once  to  the  liver,  it  in  possible  that  this  fate  overtakes  them, 
and  that  the  nitroijen  contjiine*!  in  them  in  at  once  converted  to  urea 
and  prepared  for  elimination  (see  paragraph  tjclow  on  "The  Inter- 
mediate Stages  in  Protein  Metaboiism"),  while  the  rest  of  the  mole- 
cule from  which  the  nitrogen  'is  thus  removed  is  retained  in  the 
body  to  1^  subsequently  oxidized  and  to  furnish  heat  energy'.  This 
non-nitrogenous  residue  may  first  }>e  converted  to  sugar  or  fat  before 
its  final  oxidation.  The  characteristic  feature  of  this  view  Is  the 
behef  that  a  large  part  of  the  nitrogen  of  the  protein  food  Ls  promptly 
converted  to  urea  and  is  eliminated  before  liecoming  a  j)arT  either 
of  the  living  protein  or  the  circulating  protein  of  the  body.  This 
view  is  in  hnrmony  with  tlie  fact  that  the  digestive  enzymes  are 
adaptetl  to  split  the  pr*>tein  molecule  into  what  we  may  call  its 
ultimate  products,  the  relatively  simple  amino-boilies,  and  moreover 
that  most  of  the  protein  ff)od  taken  into  our  bo<lies  reappears,  so 
far  as  its  nitrogen  Ls  concenied.  in  a  few  hours  as  urea  in  the  urine. 

Folin  *  has  called  attention  to  the  fact  that  the  proportions 
of  the  different  nitrogen  compounds  in  the  urine  var\'  with  the 
amount  of  protein  food.  Upon  an  average  diet  containing  16  to 
17  gms.  of  nitrogen  (100  to  1()6  gms.  of  usable  protein)  the  urea 
forms  87  to  SS  per  cent,  of  the  total  nitrogen  of  the  urine,  while  when 
the  protein  intake  Ls  re<luced  to  3  or  4  gms.  of  nitrogen  the  urea 
fonns  only  61  to  62  per  cent,  of  the  total  nitrogen  of  the  urine.  On 
the  other  hand,  the  creatinin  and  the  purin  bodies  (uric  acid,  xanthin. 
etc.)  are  not  diminisheil  in  amount  with  a  decrease  in  the  protein 
food.  He  suggests,  therefore,  that  the  latter  bodies,  creatinin  and 
purin  bases  and  perhaps  a  part  of  the  other  nitrogenous  waste  protl- 
ucts,  represent  the  waste  of  the  breaking  down  of  the  living  tissues. 
the  catalxjlism  or  wear  and  tear  of  the  Uving  machinery.  The  urea, 
on  the  other  hand,  represents  in  large  part  that  portion  of  the 
protein  food  which,  from  the  present  point  of  view,  is  hydrolyzed 
during  digestion  into  split  pnxJucts  and  whose  nitrogen  is  converted 
to  urea  in  the  liver. 

The  Amount  of  Protein  Necessary  for  Normal  Nutrition — 
Luxus  Consumption. — As  was  state<l  atwve.  nitrogen  e<|uittbnum 
may  l>e  maintained  on  different  amounts  of  protein  food.  It  is 
important,  from  a  scientific  and  from  an  economic  standpoint,  to 
•  Fotin,  "American  Journal  of  Physiology,"  xiii.,  45,  66,  and  117,  190S. 
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determine  the  low  limit  for  this  equilibrium  and  to  ascertain  whether, 
for  the  purposes  of  the  l>est  as  well  as  the  most  economical  nutrititm, 
this  low  limit  is  as  good  as  or  preferable  to  a  higher  amount  of  pro- 
tein in  the  diet.  Examination  of  the  dietaries  of  civilized  races 
shows  that,  on  the  average,  KX)  to  I'JO  gnis.  of  protein  are  used 
daily  by  an  adult  man.  Voit  pives  1 18  gms.  of  protein  as  the  avera^^ 
daily  consumption.  A  variable  portion  of  this  amount  passes  into 
the  feces  in  undigested  form,  but  we  may  assume  tliat  alx>ut  105 
(^s.  are  absorbed  and  actually  metabolized  in  ihe  lx>dy.  Experi- 
ments show,  however,  that  a  man  may  exist  in  good  health  uptm 
a  much  smaller  amount  per  day,  as  little  as  20  to  40  pms.,*  provided 
the  non-protein  portion  of  the  diet  is  increased.  The  question  is 
whether  the  large  excess  of  protein  above  what  is  actually  necessary 
for  nitrogen  equilibrium  is  beneficial  to  the  lx)dy  or  is  liurmful.  or 
lastly  is  merely  a  waste,  or,  as  the  older  physiologists  culled  it,  n 
luxwi  consumption.  The  facts  at  our  command  at  present  are  in- 
sufficient to  give  a  final  answer  to  this  question.  On  the  one  .^ide 
we  have  the  following  facts:  Some  observers  (Munk.  Rosenheimi. 
from  experiments  maile  upon  dogs,  state  that  when  a  low  protein 
diet  is  tnaiutained  for  some  time  the  animals  show  a  marked  dis- 
turbance in  digestion  and  absorption,  which  may  terminate  in 
death.  The  fact  that  mankind  vmiversally  under  the  guidance  of 
the  self-regulating  appetite  has  adopted  a  high  level  of  protein  food 
must  also  be  given  considerable  weight.  With  our  imperfect 
knowledge  of  all  the  conditions  it  is  dangerous  to  assert  that  this 
outcome  of  the  processes  of  natural  selection  is  without  iiu(}ortant 
significance.  There  is  also  the  fact  that  In  the  modern  treatment 
of  tulxirculosis  high  feetling  with  proteins  constitutes  a  factor  to 
which  much  importance  Ls  attrilmted.  The  inference  seems  to 
be  that  such  a  iliet  increases  the  power  of  resistance  of  the  tissues 
towanl  invading  micro-organisms.  On  the  other  side,  we  have  the 
evidence  of  numerous  investigators,  who  have  exjjerimented  upon 
themselves,  showing  that  a  prot-ein  diet  much  smaller  than  that 
ordinarily  used  suffices  to  maintain  normal  nutrition.  Chittendeti. 
especially,  in  the  careful  work  already  referred  to.  has  shown  thai 
men  in  various  walks  in  life,  students,  athletes,  soldien?.  may  be 
well  nourishe<l.  without  loss  of  strength  or  impairment  of  the  feeling 
of  well-lxiing.  on  a  diet  containing  'M)  to  50  gms.  of  protein  instead 
of  lis  gms.  'lliese  observers  believe  that  the  e.xccss  of  protein 
usually  employed  is  undesirable  in  that  it  increases  the  amount  of 
injurious  nitrogenous  waste  products,  that  it  throws  an  unnecessary 
amount  of  labor  upon  the  excretory  organs,  and  that  it  increases 
the  possibility  of  the  formation  of  toxic  pi-oducts  in  the  intestines 

•  C'onBult  Chiiiendcn.  "  Phyaiolopcal  Economy  in  Nutrition, "  New  York, 
190o,    for   iliK'ussion    und    lit^ruture. 
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from  putrefuctive  processes,  etc.  It  may  be  said,  however,  that 
although  these  experimenters  have  shown  that  normal  conditions 
may  be  maintained  for  six  months  to  a  year  or  longer  upon  a  low 
protein  diet,  they  do  not  demonstrate  satisfactorily  that  a  larger 

•  protein  diet  i>;  actually  attended  by  evil  consoi^uences. 
The  Intermediate  Stages  in  Protein  Metabolism, — The  urea 
'  found  in  the  urine  and  in  lesser  amounts  in  the  sweiit  and  other 
secretions  may  arise  in  two  general  ways:  L  As  an  end-product 
of  the  digestive  hydrolysis  of  the  protein  food.  That  is  to  say, J 
the  protein  material  is  split  by  the  .«iuccessive  actions  of  the  pepsin, 
trypsin,  and  erepsin  into  produrts  .similar  to  those  obtained  by 
the  action  of  acids  at  tiiph  temtx^ratures  (acid  hydrolysis).  As  a 
result  of  this  process  the  nitrrj^en  appears  in  the  form  of  ammonia, 
monumino-aciiLs.  and  the  so-called  diamino-Ltodies.  such  as  arpnin. 
and  we  may  suppose  that  in  these  forms  it  is  carried  to  the  Uver. 
In  this  organ  the  ammonia,  as  ammonia  salts,  is  transformed  into 
urea.  The  monamino-acids.  some  of  tliem.  at  least,  are  deamidized. 
that  is,  their  NfL  group  is  split  ofT  as  aiiunonia  which  then  is  like- 
wise converteil  to  urea.  The  ttrgaiiic  ucid  radicles  left  after  removal 
of  the  NHj  group  rnay  b'iibse<;iueiilly  Ikt  oxidized  through  vaiious 
stages  to  carbon  (litixid  and  water,  nr  they  niiiy  l>e  synthesiznl  to 
form  a  carJK>hydrat*  l)o<iy  or  pt>s.sibly  a  fat.  and  thus  lie  kept 
temporarily  as  sti>rage.  although  their  eventual  fate  is  to  suffer 
oxidation  to  carlwrn  dioxid  and  water.  Regarding  the  diamino- 
compounds  like  arginiii  it  is  known  that  when  this  substance  is 
injected  subcutaneously  its  nitrogen  is  excreted  for  the  most  part 
if  not  entirely  lu*  urea.  Since  Kossel  and  Dakin  have  shown  that 
the  Uver  especially  contains  a  hydmlytic  enzyme,  arginase.  which 
is  capable  of  splitting  off  the  guanidiri  resiihie  of  arginin  to  form 
urea,  we  may  assume  that  the  arginin  formed  during  protein  diges- 
tion actually  undergoes  this  fate.  The  process  is  represented  by 
the  following  equation  : 

NHC<^{|jcHACHNH,C(K)H      H,0-CO<;*|};^NH,(CH,),CHNH,COOH 

I      Arginin  or  cujuMffin  cUjuninu-vAlerUnic  B«id.       Una.  Orailbio  or  diamino-vmlerianio 

arid. 
The  omithin.  in  turn,  may  suffer  deamidization,  its  (XH,)  groups 
being  converted  to  ammonia  and  ureii. 

Hy  thes«*  jwissible  proces.ses  it  is  evident  that  much  of  the  nitrogen 
of  the  food  may  lie  excreted  promptly  as  m-ea  without  entering  at 

•  any  time  into  the  formation  of  living  protoplasmic  tls.sue.  It  seems 
clear  also  that  so  far  as  the  protein  tjndergoes  the.se  intermediary 
changes  its  nitrogen  constituent  is  without  value  to  the  l>ody. 
The  \yody  gets  rid  of  the  nitrogen  and  utilizes  the  balance  of  the 
protein  molecule  as  a  source  of  heat  energy-  or  as  material  for  the 
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synthesis  of  its  non-nitrogenous  storaRe  fuel.     Fclln's  estimations,! 
quoted  al>ove,  showing  that  the  urea  of  the  urine  rises  and  itt\k] 
promptly  with  the  amounts  of  protein  in  the  food,  indicate  ihut 
large  purt  of  the  protein  food  undergoes  this  series  of  chani 
Since  some  of   the   nitrogenous   food   material    must   he  actuallj] 
synthesized  into  living  protoplasm,  acting  as  a  "tissue  protein"  in] 
VoiL's  sense,  to  make  new  tissue  or  to  repair  tissue  waste,  it  followBJ 
that  a  portion  of  the  absorbed  split  products  of  digested  proteitfl 
n)ust    undergo   an  entirely  different   proress.   but   oonceminp  ilisj 
intiM'inediary  steps  of  this  proress  we  liave  little  or  no  knowledge- 
From  a  quantitative  standpoint   it  is  probable  that   most  of  il 
protein  food  in  an  average  tliet  follows  the  histor>-  first  descrilied] 
and  takes  no  part  in  the  formation  of  tissue.     2.  The  urea  of  tl 
excretion  may  arise  in  the  tissues  at  large  from  the  breaking  domi] 
of  the  organized  or  living  protein  or  of  the  protein  materinl  included] 
in  the  cell  liciuid.*-*.     As  has  been  staled  in  another  place  mnst  olj 
the  living  tissues  contain  intracellular  enzymes  capable  of  rawdr 
hydrolysis  of  the  proteins.     When  the  excised  tissues  are  kept  war 
but  protected  from  the  action  of  the  bacteria  they  underj 
digestion   or  autolysis.     As   a   result  of   this  process   the 
molecule  is  split  into  its  constituent  parts,  which  in  generad  are  ihe" 
same   as  those   formed   during   digestion.     Assuming   that   these 
intracellular  enzymes  act  in  this  way  daring  Ufe  it  is  evident  ihit 
the  fate  of  the  split  products  may  be  the  same  as  that  describ 
aliove.     The  ammonia  compounds  are  converted  to  urea  by  ti 
liver  and  qiute  probably  by  other  tissues;  the  monamino-brMii 
lose  their  NH,  gro\ip  liy  a  process  of  deamidizntion  and  the 
monia  compounds  thus  |)roduced  are  in  turn  changed  to  urea, 
such  coinimunds  as  arginin   will  probably  un<ier  the  influence 
arginase  yield  their  nitrogen  as  urea.     In  the  protein  that  undei 
metabolism  in  the  tissues,  as  well  as  in  the  protein  of  the  food  thj 
is  metabolized  before  reaching  the  tissues  at  large,  the  urea  b  form* 
by  two  general  methods  at  Jeast.  by  the  intermediate  pi-odiictit 
of  ammonia  compounds  and  by  the  conversion  of  a  guanidin  residue 
For  the  sjike  of  completeness  a  third  method  of  producing  urea  il 
the  body  may  be  added,  namely,  ^>y  being  split  off  from  uric  aci( 
This  mode  of  origin  is  considered  in  the  folloi^ing  paragraph. 

The   Intermediar;/  Metaholi^n    of    the    Nvchoprotrinji. — NucI 
proteins  are  taken  in  our  food  and  likewise  are  found  in  the  tissue 
of  the  body.     Their  metalwlism  so  far  as  the  nuclein  portion  is-' 
concerned  gives  rise  to  the  Formation  of  uric  acid  and  the  purio 
bases.     It  will  l:)e  remembered  that  in  the  urine  we  find  some  uri< 
acid   and  some   xanthin   find   h\'poxanthin.     In   the   feces 
amounts  may  l>e  detecteii  of  xanthin,  hypoxanthin.   adenin. 
guanin.    These  bodies  all  contain  the  purin  group  or  radicle  (s 


p.  777)  and  are  closely  related  chemically.  By  hydrolytic  processes 
outside  the  boily  one  may  obluin  their  purin  base«  from  nucleins 
or  nuciein  acids,  and  inside  the  Ixxiy  the  nietulmlic  processes  give 
siniihir   pnxlucts.     The    histoiy    of   the   intermediarj'   metabolism 

tmay  be  outlined  as  follows:  When  nucleoprotein  is  eaten  the 
nuciein  is  split  off  apparently  by  the  action  of  the  pepsin,  the 
protein  p*jrtion  then  undergoiniL;  the  digestive  and  nietalxilic  changes 
already  des(Til>ed-  The  nuciein  Is  not  acted  upon  further  by  the 
pepnin  or  tr^'psin,  except  that  under  llie  ndiuence  of  the  latter  it  is 
rendereti  soUible  pos.sil>ly  by  an  act  of  iiydralion.*  Once  within 
the  body  the  nuciein  is  8ul)initted  to  the  action  of  a  series  of  enzymes 
as  follows:  IJmJei-  the  influence  of  nuclease  it  is  split  with  the 
production  of  some  of  the  purin  base>^,  adenin,  giianin.  The  aniino- 
purins  so  far  as  they  are  formed  are  converted  to  the  con*e.sptHnhrig 

toxypurina  by  the  action  of  a  deamidizing  enzyme.  According 
to  Jones  two  such  enzymes  may  occur  in  the  bcMly.  namely,  adenase 
and  guanaae.     Their  action  takes  place  as  follows: 


b 


Aciimm.  H>'poxanUiin. 

Oiuuiin.  ABtithin. 


The  xanthin  nnd  hypoxanthin  in  turn  are  converted  to  uric  acid 
by  the  action  of  an  oxidase,  known  as  xanthinoxydasc.  and  finally 
the  uric  acid  formed  may  in  turn  he  partly  split  uiulcr  the  influence 
of  a  special  uricolytic  enzyme  .so  that  pnrt  of  its  nitrogen  is  elimi- 
nated  as   urea.     Eventually,  therefore,  we   may  Ijclieve  that  the 

■  nitn)gen  of  the  nuciein  is  excreted  largely  an  uric  acid  and  urea, 

■  and  to  a  smaller  amovmt  as  xanthin.  hypoxanthin.  adenin,  or  guanin. 
The  prop*>rtion  of  the  uric  acid  which  is  further  split  to  form  urea 
varies  in  4Ufl'erent  animals  (see  p.  779).  In  man  the  proportion  is 
estimateti  at  al>out  one-half.  Biirian  has  given  reasons  for  be- 
lieving (see  p.  779)  that  most  of  the  purin  nitrogen  excreted  arises 
in  the  metalxili.sm  of  the  muscle,  and  represents  presumably  the 
break  down  of  organized  stniciure.  The  action  of  the  series  of 
enzymes  just  descril>ed  seems  adapted  simply  to  remove  the  waste 
nuciein  with  little  corresponding  profit  to  the  l>ody  from  the  stand- 
point of  lilierated  heat  energy.  It  is  to  be  Iwme  in  mind,  however, 
that  the  activity  of  some  of  these  enzymes,  the  nuclease,  for  example. 
may  be  concerned  in  the  synthesis  of  nucleins  and  nucleoproteins 
within  the  body,  a  process  about  which  at  present  little  or  nothing 
is  known. 

It  is  usually  l)elieved  that  the  ereatinin  of  the  urine  is  formed 
from  the  creatin  fovmd  in  muscular  tissue  and  that  the  latter  is 


•See  Abderh&lden  and  SchilUnlielm,  "  Zeil.  f.  nhysiol.  Chem..'*   1906, 
xlvU.,  452. 
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derived  from  a  metabolism  of  tlie  living  muscular  tissue,  but  uo 
entirely  satisfactory  demonstration  of  the  correctness  of  these 
views  has  l^een  obtained  (see  p.  780).  There  is  evidence  to  rfiowr 
that  increased  muscular  activity  may  be  associated  with  an  increased 
formation  of  creatin. 

The  Specific  Dynamic  Action  of  Proteins. — This  somewhat 
indefinite  term  is  u.**ed  by  Rubner  to  designate  the  fact  that  protein 
fo<jds  seem  to  stimulate  the  metabolic  processes  of  the  body  to  n 
greater  extent  than  the  fats  or  carl>ohydrates.  This  peculiaritr 
may  be  demonstrated,  for  instance,  in  the  case  of  a  starving  animal 
living  upon  its  own  substance  and  metalwlizing  a  certain  amounl 
of  its  tissues  ilaily.  The  amovmt  thus  metabolized  may  l)e  exprt***eil 
in  terms  of  the  heat  production  antl  it  r^epre.sent*  the  minimal  con- 
sumption of  material  requisite  for  the  maintenance  of  body-tempera- 
ture. If  this  minimul  daily  consumption  is  expi*essed  in  calories 
and  the  animul  is  given  fooil  fontaiiiiiif;  llie  same  amount  of  avail- 
able energy  the  consiim|)tion  of  body  material  is  not  completely 
covered.  &ince  the  food  leads  to  an  incix^ased  total  metabolism 
whit  h  Ls  especially  marked  in  the  case  of  proteins.  E\'])re8aing  the 
minimal  daily  metaliolisni  during  starvation  by  UK).  Rubner  esti- 
mates thai  tlie  Tuinimal  anunints  of  the  three  fooiLstuffs  requisite 
to  give  a  heat  cijuilibriun)  w*nilci  be  for  proteins  140.2.  for  fat  114.5. 
ami  for  sugar  1(H5.4.  The  fact  that  protein  food  tends  to  increa* 
the  total  metabolism  of  the  body  has  been  explained  by  some 
authors  on  the  ius.suiniiti(»n  tliat  a  greater  amount  of  secreting  iind 
musrulur  work  is  required  for  its  digestion.  The  protein*-  are 
retuincd  for  a  longer  t'mo.  for  instance,  in  the  stomach,  and  Uie 
continued  muscular  movements  of  the  organ  involve,  of  course,  a 
consumption  of  tissue  material.  This  explanation  does  not  seem 
To  )ie  entirely  satisfactory'  and  the  term  "specili*"  dynamic  at'lion" 
expi'esses  the  view  that  the  protein  fowl  actually  stimulates  tlie 
tissues  to  a  greater  metabolism,  in  somewhat  the  same  way  as  in 
the  ca.se  of  increa.''ed  muscular  work.  On  the  general  basis  of  tlw 
theoiy  of  protein  metabolism  given  above,  its  specific  dynamic 
action  would  mean  sim[)ly  that  the  l«>dy  stores  protein  with  rela- 
tive difficulty,  either  as  soH-alled  circulating  pi*otein  or  in  the  fomi 
of  glycogen  or  fat.  so  that  in  cases  of  abundant  protein  fee<lin^  a 
greater  portion  of  the  material  is  ]>romptly  consimietl.  With  abun- 
dant feeding  of  fats  or  caHH>hydrates,  on  the  contran,',  a  Larger  por- 
tion of  these  substant^es  is  retained  as  storage  in  the  form  of  liodv 
fat  or  glycogen.* 

nutritive  Value  of  Albuminoids. — The  albuminoid  most  fre- 
quently occurring  in  food  is  gelatin.     It  Is  derivetl  from  collagen 

•  For  further  ili«cus«ion.«t^^  Rubner,  "GesetzedesKnewrverbmuchs.  1902. 
or  LuBk,  "  Elements  of  the  Science  of  Nutrition,  Philadelphia,  1900. 
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of  the  connective  tissue.  Collagen  of  bones  or  of  connective  tissue 
takes  up  water  when  Iwiled  and  l>ecomes  converted  into  gelatin. 
We  eat  gelatin,  thcrcfor<?.  in  iKuletl  meats,  soups,  etc.,  and,  besides, 
it  is  fre<iuently  eniployeil  diierlly  as  a  food  in  the  fomi  of  table 
gelatin.  Collagen  hu^  the  following  percentage  composition:  C, 
50.75  per  cenU;  H,  6.47;  N,  17.86;  0,  24.32;  S,  0.6.  It  resembles 
the  protein  molecule  closely  in  (wrcentage  corapa.slt ion ,  and  it  would 
seem  that  the  tissue-j  might  use  it  as  they  do  protein  for  ihe  for- 
mation of  new  protoplasm.  Experiments,  however,  have  demon- 
strated clearly  that  this  is  not  the  case.  Animals  fed  upon  albu- 
minoids together  with  fat^s  and  carbohydraieii  do  not  maintain 
nitrogen  efpulibriurn.  The  final  result  of  ^^ut■h  a  diet  would  be 
continueil  loss  of  weij^lil  and  malnutrition  and  death.  Some  light 
is  thrown  upon  the  inabiUty  of  the  gelatin  to  act  as  a  tissue  former 
from  a  consideration  of  the  split  products  fimned  from  it  in  hydro- 
lylic  cleavage-  While  it  yields  a  luimhor  fif  the  produt'ts  usually 
given  by  the  proteins,  there  arc  other-;  wtiirh  are  larkinj;,  such  lis 
cystein  (thin.imJnopropionic  acid*,  tyrasin  (nxj'phenylaminopro- 
pionic  acid),  serin  (oxyaminopropionic  acid),  and  tr>'ptophan  (indol- 
aminopropionic  acid).  ()u  the  hypothesis  that  prcttrins  ihiring 
digestion  are  norm  div  split  more  or  less  completely  into  their 
constituent  parts,  and  that  tlie  characteristic  lx«ly-protoin  of  the 
animal  is  rc(;onstrurtcd  synthetically  by  a  new  arrangement  of  these 
groups,  it  is  apparent  that  the  gelatin,  when  used  without  protein, 
may  fail  t.o  funiish  som?  of  the  pTmjiin^  neces.sar>'  to  such  a 
synthesis.  Gelatin  is  i-cjidily  digesteii.  gelatases  and  gelatin 
peptones  and  eventually  some  split  products  being  forme<i;  these 
are  absoHjetl  and  oxidized  in  the  body,  with  the  formation  of 
CO^,  H^O.  and  urea.  Gelatin  serves,  then,  as  a  source  of  energ}' 
to  the  body  in  the  sam?  sense ,as  ilo  cartM>hydrates  and  fats.  When 
any  one  of  the-ie  three  substances  is  useil  in  a  diet,  the  pro|>ortion  of 
protein  necessary  for  the  maintenance  of  nitrogen  equilibrium  may 
be  reduce<l  greatly.  .Actual  experiments  have  shown  that  gelatin 
is  more  efficacious  than  either  fats  or  carl>ohydrates  in  pnitecting 
the  protein  in  the  l>ody.  The  relative  value  of  fats,  carbohydrates. 
and  gelatin  in  protecting  protein  from  destruction  in  the  iKwly  is 
illustrated  by  an  experiment  reported  by  Voit:  A  dog  weighing 
32  Icgnvs.  Was  fe<!  altomately  upon  protein  and  sugar,  protein  and 
fat,  and  protein  ami  gelatin,  with  the  following  result: 


Notmunucrrr  (Gus.) 

Meat. 

Gelatin.         Fat. 

SUOAE. 

Flesh  is  Boot  (Om*.). 

400 

—               200 



450 

400 

—                 — 

260 

430 

400 

200             — 

— 

356 

Practically,  however,  the  use  of  gelatin  in  rliets  i,«*  restricted  by  its 
unpalatableneas   when   employeil   in   large   quantities.     Whatever 
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may  be  the  physiological  cause  of  this  peculiarity,  there  seems  to  be 
no  doubt  that  when  used  largely  in  the  diet  both  animab  and 
men  soon  develop  such  an  aversion  to  it  that  it  is  necessary  to  dis- 
continue its  use.  A  number  of  observers  have  attempted  to  de- 
termine experimentally  just  how  far  the  protein  of  the  food  may 
be  replaced  by  gelatin  without  causing  a  loss  of  body-protein. 
Munk  states,  from  experiments  upon  dogs,  that  when  about  six- 
sevenths  of  the  nitrogen  necessary  to  maintain  equilibrium  was  givoi 
in  the  form  of  gelatin,  the  animal  could  be  kept  in  nitrogen  equilib- 
rium for  a  few  days  at  least.  Kaufmann  *  kept  himself  in  nitrogen 
equilibrium  for  a  short  time  upon  a  diet  in  which  no  protein  was 
contained,  all  the  nitrogen  being  supplied  in  the  form  of  gelatin 
together  with  small  amounts  of  the  amino-acids  which  are  lacking 
in  the  gelatin  molecule  (cystin,  tyrosin,  tryptophan). 

•  Kaufmann,  "PflOger'a  Archiv  f.  d.  gea.  Phyaiol."  1905,  cix.,  440. 


CHAPTER  XLVIir. 
NUTRITIVE  raSTORY  OF  CARBOHYDRATES  AND  FATS. 


The  Carbohydrate  Supply  of  the  Body. — The  available  carbo- 
hydnite  material  of  the  hody  consists  of  the  glycogen  found  in  the 
tissues,  especially  in  the  liver  (1  to  4  per  cent,  or  more)  and  miiB- 
cles  (0.5  per  cent.),  and  the  sugar  forme<l  from  thia  glycogen  and 
present  constantly  In  the  blood  to  the  amount  of  (i.l  to  0.15  per 
cent.  In  addition  it  Is  bclicvetl  that  during  stanation  glycogen 
or  sugar  muy  l>e  mnde  from  the  protein  tissues  of  the  body,  and 
possibly  alfto  from  the  body  fat.  although  this  latter  soiii-re  is 
disputed.  The  supply  of  glycogen  under  normal  conditions  is 
maintained  chiefly  by  the  t-arbohydrate  food.  As  was  explained 
in  the  section  on  Digestion,  the  starches,  sugars,  gums,  etc., 
which  constitute  the  carbohydrate  fooilstufTs  are  eventually 
absorl^efl  into  the  hloo<i  ils  simple  sugars,  chiefly  dextrose,  but 
pn)i>;ibly  nlso  some  Icvuhxse  and  galactose.  These  simple  sugars 
constitute  the  important  glycogen  formers.  There  is  still  some 
difference  of  opinion  as  to  whether  all  proteins  are  capable  of 
\'ielding  glycogen  to  the  body.  Some  physiologists  believe  that 
after  the  nitrogen  is  split  off  to  form  urea,  the  non-nitrogenous 
pMirtion  of  the  molecule  may  J»c  converted  to  glycogen  in  the 
liver.  Others  hold  that  only  those  proteins,  such  aa  egg-albu- 
min, which  contain  a  cariM>hydrat^  grouping  in  the  molecule 
are  capable  of  yielding  glycogen  in  the  b*idy.*  The  store  of  glyco- 
gen in  the  body  Is  about  equally  divi<letl  Ijotween  the  liver  and  the 
muscular  tissues,  and  it  U  estimated  that  in  man  each  of  these 
d^p6ta  may  contain,  at  a  maximum,  about  150  gms.  The  regula- 
tion of  the  supply  of  sugar  to  the  blood  is  usually  attributed  to 
the  liver.  This  regxilation  is  adjusted  so  that  the  percentage  of 
sitgar  in  the  blood  is  kept  astonishingly  constant,  not  only  during 
the  conditions  of  ordinary*  living,  but  under  such  an  abnormal  con- 
dition as  prolonged  starvation.  It  is  assumed  that  this  regulation 
is  effecte<l  mainly  by  an  enzyme  formed  in  the  liver  cells  which 
converts  the  glycogen  to  dextrose  in  proportion  as  the  sugar  of  the 
bloofl  is  used  up  by  the  tissues. 

Regulation  of  the  Sugar-supply  of  the  Body. — This  regida- 

•  See  Plluger,  in  ".Art-liiv  f.  die  ge«amJXll«^  riiyuiologic, "  9G.  1,  190a,  for 
literature  and  aisru&sion. 
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tion  is  of  the  greatest  ini|X)rtancn  to  ihe  Ixxly.  since  any  rlistinct 
increjusc  in  the  percentage  of  dextrose  in  the  blood,  a  condiiion 
known  as  hijpcrgbjcomia,  is  followed  promptly  by  tjlffcoHuria,  that 
is,  ihe  appearance  of  sugar  in  the  urine.  It.  has  l>een  suj^ested 
that  the  re^ulatinn  of  the  output  of  sugar  from  l!ie  liver  is  con- 
tntilcd  redcxly  throngfi  the  ncrvo\is  system.  Some  evidence  for 
thia  view  is  found  in  the  following  facts:  Bernard  iliscovered  (1S55) 
that  a  puncture  of  the  metlvdia,  made  between  the  levels  of  orif^ 
of  the  vagus  and  auditon,'  nerve.s,  causes  the  development  of  a 
condition  of  glycosuria.  This  puncture,  known  as  the  "piqui-e" 
or  "siigar  puncture,"  fails  to  cause  glycosuria  if  the  animal  has  t>een 
starved  previously  so  as  to  remove  most  of  the  glycogen  from  the 
liver  or  if  the  splanchnic  nerves  have  l>een  cut.  Moreover,  stimula- 
tion of  viirious  sonsnr\'  nerve  trunks,  the  vagus,  for  example,  eauBefi 
the  same  phenomenon,  and  in  human  l)eings  lesions  of  the  central 
nervous  system  may  likewise  dovelt>p  a  condition  of  glycosuria. 
These  results  have  \^*eet^  explained  in  two  ways.  The  puncture  or 
sensor.'  stimidation  may  act  upon  the  vasomotor  center  of  the 
medulla,  cause  a  dilatation  of  the  hlood-vessels  in  the  liver,  and 
thus  indirei'tly  accelerate  the  output  of  sugar;  or  these  stimuli  may 
act  upon  a  distinct  sugar-regulaling  center  and  through  it  augment 
dire^'tly  the  conversion  of  glycogen  to  sugar  in  the  liver.  According 
to  this  latter  view  the  eiferent  fil>ers  for  the  center  reach  the  liver 
via  the  splanchnic  nerves.  If  s\ich  a  nervous  mechanism  exist* 
it  affords  a  suitable  means  for  the  afljustment  of  the  supply  of 
sugar  to  the  needs  of  the  tissues,  particularly  the  muscles.  The 
contractions  of  the  muscles  and  the  heart  by  exciting  their  contained 
sensor^'  tilwrs  might  be  supi>osed  to  stjnuilate  reflexly  the  .sugar 
center  and  thus  provide  an  increase<l  output  of  sugar  in  pix)pnrtion 
to  the  extent  of  the  contractirms  (PHiiger).  While  this  theor}'  is 
attractive^  it  has  not  yet  received  definite  experimental  proof. 
It  is  certain,  however,  tliat  by  some  means,  chemical  or  nervous, 
the  supply  of  sugar  from  the  liver  is  rcguljited.  and  that  under 
various  unusual  and  pathologiral  conditions  this  regulation  is 
broken  down  with  the  production  of  contlitions  of  hj-perglycemia 
and  glycosuria.  It  is  interesting,  from  a  physiological  standpoint, 
to  recall  that  glycosuria  niay  lesidt  temj-iorarily  from  too  great 
an  ingestion  of  carl>ohyflratc  food  (see  .-Vlimentan.-  (llycosuria, 
p.  735).  The  liver  in  this  case  gets  moi-e  .sugar  than  it  can  convert 
to  glycogen,  and  an  excess  gets  through  into  the  general  circulation. 
From  a  medical  standpoint  most  interest  attaches  to  the  rases  of 
giycasuria  occurring  under  pathological  and  experimental  con- 
ditions. 

Pancreatic    Diai>etes. — Some    of   the    facts  regarding  this  form 
of  diabetes  are    descril>ed  on    p.    755.     The    immediate    cause  of 


the  diabetes  Ls  the  iiit'rejisod  i»errpntuge  of  su^ar  in  the  Morwi 
(hyperslycemiii).  This  result  finds  its  mnst  prciUui^ie  explanation 
in  the  view  that  the  loss  of  the  internal  secretion  of  the  panrreas 
robs  the  tissues  of  their  [>ower  to  niotalwUze  tfie  sii^ar. 

Diabelea  MeUliusi. — In  this  severe  and  nsnally  fatal  disease  the 
amount  of  su^ar  lost  tlaily  in  the  urine  may  fie  vrr\'  large.  In  severe 
forms  of  the  dLse^ust*  pnuMifiilly  all  the  rarhithydrate  of  the  food  may 
be  eliminated  in  the  urine  in  tlie  form  of  suptr.  and  even  when  lb 
diet  contains  no  caH>oliydra(e,  or  daring  complete  starvation,  sug 
continues  to  Iw  seereteci  in  the  urine  in  consiilerabie  amounts.  I 
these  latter  cases  the  sugar  is  supposeti  usually  to  have  its  soun'e 
in  the  proteins  of  the  fooi:l  or  of  the  l>ody,  a  view  which  is  supporte<l 
by  the  fact  that  the  amoimt  of  nitrogen  and  dextit>se  excreted  in 
the  urine  may  exhibit  a  constant  proportion  to  each  other.  The 
ratio  of  dextrose  to  nitrogen  (PrN)  is  given  as  3.65  to  1.* 
Special  cases  luu'e  l>een  reported,  however,  in  which  the  ratio 
exceeded  these  figures.  The  general  and  specific  symptoms  observed 
in  diabetes  mellitua  closely  resemble  those  oliserved  upon  dogH 
suflfering  from  pancreatic  dialietes.  It  seems  probable,  therefore, 
timl  in  man  the  condition  of  tUaljete-s  may  also  l>e  due  in  the  fii-st 
place  to  s^mie  trouble  in  the  pancreas  which  prevents  it  fi*oiii  giving 
off  its  norma!  internal  secretion.  In  addition  to  the  stigar  founil 
in  the  urine  in  dialietes  this  secretion  may  also  contain  coasitleruble 
amoimt:^  of  tfie  acetone  bodie.^,  namely,  ^J-oxybutyric  acid,  accto- 
acetic  acid;  and  acetone.  It  is  probable  that  these  bodies  rep- 
resent interme<liar>^  products  in  the  metabolism  of  the  fats  of  the 
body  whii'h  escajx*  oxidation. 

Phlarhizin  Diabetes. —  Phlorhizin  is  a  vegetable  ghicosidc  ob- 
tained from  the  rootfl  of  certain  irees^r.  tj..  apple,  i>ear.  When 
injecteil  into  an  animal  it  catises  a  glycosuria  which  is  tem[jorar\'. 
but  which  may  lie  renewe<l  by  rejjeated  injections.  Kxamination 
of  the  blootl  in  this  case  reveals  the  fact  that  the  percentage  of 
sugar  is  not  increased,  so  that  the  immediate  cause  of  the  glycosuria 
is  different  from  that  responsible  for  the  dia]>etes  of  man  or  of 
animals  without  the  pancreas.  A  satisfactorv*  explanation  of  the 
action  of  the  phlorhizin  has  not  yet  been  obtained,  but  it  would 
seem  that  the  dnig  acts  in  some  way  up<jn  the  kidney  itself— that 
is,  the  tissues  of  the  lx>dy  are  probably  still  able  to  metalx)lize  the 
sugar,  but  the  blood  is  continually  depleted  of  this  substance 
ihroijgh  the  kidney  :  it  leaks  off  through  the  kidney  faster  than  it 
can  be  utilized  by  the  tissues.  The  evidence  at  hand  aeerns  to  indi- 
cate that  the  sugar  (in  part  at  least)  exists  in  the  blood  in  some 
form  of  colloidal  combination,  and  that  under  the  influence  of  the 
phlorhizin  the  ki<lney  breaks  up  this  combination  and  eliminates 

•  I^ask.  "Klemcnls  of  the  Science  of  Nutrition."  Philadelphia,  190G. 
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the  sugar.*     From  the  above  description  one  may  conclude 
leod)   that  the   sugar-regulating  mechanism  of  the  Ixnly  may  be 
broken  down  in  one  of  three  general  ways: 

1.  By  an  accelerated  production  of  sugar  in  the  liver  (piqure 
reflex  stimulation). 

2.  By  a  loss  of  the  power  to  metaljolize  the  sugar  on  the  part 
of  the  tiasues  of  the  body  (pancreatic  diabetes — diftbetes  mellitual. 

3.  By  the  elimination  of  the  sugar  of  the  blood  through  the 
kidney  (phlorhizin  ilialx»tesl. 

The  Intermediary  Metabolism  of  the  Carbohydrate  in  the 
Body.— Kventually  the  carbohydrate  of  the  iKniy  is  o\i(.lized  in  the 
tissues  with  the  formation  af  carU)n  dioxiil  and  water.  Mtirh 
uncertainty  prevails,  however,  as  to  the  steps  and  means  by  which 
this  oxidation  is  efFecte<l.  Reference  has  already  been  made  lo  the 
important  fact  that  the  internal  .secretion  of  the  pancre^is  is  news- 
sary  to  this  process  {p.  S()4).  According  to  Cohnheim's  exporimpDls, 
this  secretion  furnishes  an  activating  substance  which  enables  the 
enzymes  of  the  muscles  and  other  tissues  to  attack  the  sugar.  The 
sugar  is  probably  broken  down  and  oxidized  by  the  succesave 
action  of  a  number  of  enzymes,  with  the  formation,  therefore,  of 
a  number  of  intermediate  pro<iucts.  Our  knowletlge  at  present 
is  not  sufficient  t-o  warrant  positive  statements  concerning  the 
exact  nature  of  these  intermediate  processes.  Two  general  points 
of  view  have  l>een  advocated.  According  to  some  ohser\'ere  the 
sugar  molecule  first  undergoes  a  splitting  process,  and  the  split 
products  are  subsequently  acted  upon  by  oxidases  an<i  converted 
to  carbon  dioxid  and  water.  The  follo^\ing  steps  have  been  sug- 
gested.t     First  a  cleavage  to  form  lactic  acid: 


• 


I 


2(Q,H.po 

Lactic  acid. 

Then  a  second  cleavage  to  form  alcohol  and  carbon  dioxid 


l.actio  acirl. 


CO,  +  r,H,OH 
Ethyl  aloohol. 


The  alcohol  is  then  oxidued  successively  to  acetic  and  formic 
and  finally  to  carbon  dioxid  and  water.  Othe re  have  ussumeil  that 
the  sugar  undergoes  a  series  of  oxidations,  without  preliminanf  cleav- 
age, with  the  formation  of  such  intermediate  prcxlucts  as  glycuponic 
acid  and  oxalic  acid,  both  of  which  are  un<loubtedly  forme<l  in  the 
body,  since  they  are  found  in  small  quantities  in  the  urine 


♦  For  more  complete  details  and  the  literature  (tee  Macleod.  "The  Meta^ 
oUsm  of  the  Carbohydrates"  in  "Recent  Advances  in  Physiologip*."  Loodott 
and  Xew  York.  190tt.  and  Liisk.  lor.  rit. 

t  Sec  Biichner  an<l  Meisfiilieimer.  "licrichtc  d.  deutflch.  cbein.  GcbbB- 
sohaft."  38.  620,  1905;  and  Stoklase.  iTjw/..  p.  664. 
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series  of  oxidations  may  occur  such  as  is  represented  in  the  followin^j 
formulas: 


CH,OH 

COOH 

COOH 

COOH 

rCHOH), 

(rHOH>» 

(CHOH), 

COOH 

con 

i'(ni 

COOH 

De  XI  rose. 

Clycuronic  acid. 

Sttcchftrie  acid. 

Oxalic  St 

We  are  certain  at  present  only  of  the  fact  that  the  final  products 
are  cartion  dioxiti  and  water — that  is.  complete  oxidation  products 
— and  that  in  some  way  the  internal  secretion  of  the  pancreas  is 
essential  to  the  process. 

Functions  of  the  Carbohydrate  Food. — The  ),;enera]  value  of 
the  carbohydrate  ffKid  ti>  the  orpmi.-ni  ruay  i>e  coni?idere<l  tinder 
three  heads:  (I)  It  furnishes  a  source  of  energy  for  muscular 
work.  It  will  be  reniemhered  that  the  glycogen  of  a  muscle  dis- 
appears in  pnifx^rtion  to  the  work  done  hy  the  muscle,  and  indeed 
prolongeil  nuisciilar  work,  esjieciaJly  during  star\'ation,  may  wipe 
out  quickly  the  entire  store  of  glycogen  in  the  body,  in  the  liver  as 
well  as  in  the  muscles.  It  is  usually  believed,  therefore,  that  the 
oxi(iation  of  the  sugar  fiutiishes  energ>'  which  by  the  machineiy 
of  the  muscles  is  utilized  to  do  work, — tliat  is,  to  cause  muscular 
contractions.  It  seems  probable  that  under  normal  comlitions  this 
material  furnishes  the  main,  if  not  the  sole  source  of  energ^v  for 
muscular  ■work.  (2)  The  oxitlation  of  the  sugar  furnishes  an  im- 
portant part  of  the  constant  sujiply  of  heat  neetietl  by  the  lx)dy. 
Each  gram  of  sugar  on  oxidation  yields  4  Calories  of  heat,  and, 
since  the  carljohydrates  form  the  largest  part  of  our  diet  and  are 
easily  oxidize<l  in  the  body,  they  must  be  reganled  as  an  especially 
available  material  for  keeping  up  the  supply  of  animal  heat.  The 
lai^gest  part  of  the  energ>'  liberateil  by  the  oxidation  of  sugar  in  the 
muscles  during  contraction  takes  the  form  of  heat,  and  even  dur- 
ing muscular  rest  the  condition  of  tone  is  probat)ly  attendeii  by  a 
eoastant  oxidation  <if  this  material.  (3)  The  oxidation  of  the  sugar 
protects  the  i>n>toin  of  the  iKuly.  Attention  has  already  l)een 
called  to  the  fact  that  an  animal  may  lie  kepi  in  nitrofien  equilibrium 
on  a  relatively  small  protein  diet  provided  carboliytirales  (or  fat-s) 
are  also  eaten.  One  may  say,  in  fact,  that  as  the  carlx>hydrate  food 
is  increased  the  protein  food  may  he  diminished,  down  to  a  certain 
irreducible  mininumi.  From  the  chemical  couiiM)hilioa  of  carbo- 
hydrates it  is  evident  that  they  alcnie  cannot  serve  to  build  up 
protoplasm.  An  animal  fe<l  on  carlx^hydrate  food  alone,  no 
matter  how  abundant  the  supply,  would  eventually  starve  to  death. 
Within  certain  limits,  however,  the  carljohydrates  are  pnitein 
sparers;  the  energy  provided  by  their  oxidation  keeps  up  the  supply 
of  heat  and  enables  the  muscles  and  probably  the  other  tissues  to 
function  normally,  and  to  this  extent  protects  the  living  protein 
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from  consumption  and  enables  us  to  reilure  Ihe  protein  maN 
in  our  diet.      Kxiieriiiients  show,   in   fact,   that    carbohydrate  \A 
more  efficient  as  a  sparer  of  protein  than  fat.      An  animal  fed 
on  carbohydrates  alone  \oscs  less  protein  from  the  body  than  when 
kept  on  a  fat   diet   t-oiitaining  tlie  same  amount  of  heat  enprgy. 
It  woidd  seem  that  the  bo<ly  mast  always  have  su^ar  to  oxidize. 
If  tliis  material  i^  not  furnished  in  the  food  it  is  obtained  by  breakingl 
down  the  body  protein  it-self,  as  is  indicated  by  the  facts  of  dial)ete«' 
and  also  by  the  fact  that  even  in  prolonged  starvation  the  siipar 
cmUents  of  the  blood  are  kept  at  a  normal  level.     (4i   Any  exoe« 
of  paHx»hydrate.  taken  a.s  food,  l^yond  the  power  of  the  tL^iuesi 
to  store  i\s  glycogen  may  be  Hynthesizeti  to  form  fat.     Niitritionall 
experiments,  deacribetl  l>elo\v,  leave  no  doubt  that  the  fat  of  th< 
body  may  be  formed  from  rarbohydrate  food.     It  is  slate*!  that  thej 
fat  of  the  body  h;Lviu<r  this  origin,  so-called  carl»ohydrate  fat.  is' 
of  a  more  solid  consistency  than  the  fat  tierived  from  other  sources. 

Nutritive  Value  of  Fats. — The  fats  of  food  are  absoriied  into 
the  lacteals  chiefly  as  neutral  fats, — the  soK-alled  chyle  fat.    They 
eventually  reach  the 'bloiHi  in  this  condition,  and  are  afterward  in 
some  way  oxidizeti  by  the  tissues.    The  final  products  of  thar 
oxidation    are    the   same   as   when   burnt   outside    the   bod>' — 
namely,  CO,  and  H^O — and  a  corresponding  amount  of  energ>' must 
be  liberated.    Si)eaking  generally,   then,   the  essential   nutritive 
value  of  the  fats  is  that  they  furnish  energy  to  the  Ixnly,  and,  from 
a  chemical  standpoint,  they  must  contain  more  available  energ}', 
weight  for  weight,  than  the  proteins  or  the  carbohydrates.     In 
well-uourisheLi  auiinid  a  large  amount  of  fat  is  foun*l  normjilly 
adipose  tissues,  partirvdarly  in  the  .so-calletl  "pannicuhis  adiposus* 
beneath   the  skin,   in   the   foUls   of  the   i>eritoneum»   etc.     Phy4- 
oiogically.  this  bo<ly  fat  is  to  l>c  reganied  as  a  reserx'e  supply  o 
nourishment.     When  food  is  eaten  and  absorl>eil  in  excess  of  ill 
actual  metal3oIic  processes  of  the  lx>dy,  the  excess  is  stored  in  ih 
adipose  tissue  as  fat,  to  l)e  drawn  upon  in  case  of  nee*l — w^.  U 
instance,  during  partial  or  complete  starvation.     A  starving  anii 
after  its  small  supply  of  glycogen  is  exhausted,  Uves  ejitirely  u| 
body  pmteins  and  fats;  the  larger  the  supply  of  fat.  the 
effectively  will  the  protein  tissues  be  protected  from  destniction. 
In  accordance  with  this  fact,  it  has  been  shown  that  when  subject* 
to  complete  starvation  a  fat  animal  survives  longer  than  a 
one.    Our  supply  of  fat  is  called  upon  not  only  during  compl 
abstention  from  food,  but  also  whenever  the  diet  is  insufliciejit 
cover  the  oxidations  of  the  body,  as  in  deficient  food,  sickness,  el 

The  Fate  of  the  Fat  in  the  Tissues.— The  fat  ali8or1>ed 
food  may  temporarily  subserve  several  different  purposes:   (1) 


imnU 
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may  he  oxidized  with  the  formation  of  heat  energ>'.  (2)  It  may 
be  stored  in  the  tissues  as  part  of  the  body  fat.  (3)  It  may  be 
synthesized  with  other  substances  to  fonn  some  more  complex 
constituent  of  the  Ixidy,  such  as  lecithin.  (4)  According  to  some 
authors,  it  may  sen'e  under  certain  conditions  as  a  source  of  sugar. 
This  latter  suggestion  is  not  suj^jwrted  by  convincing  experiments. 
The  final  fate  of  the  fat  En  the  body  is,  however^  to  be  oxidized  to 
water  and  caHx)n  dioxid.  The  nature  of  the  processes  involvedHj 
is  not  understood.  It  is  generally  believed,  however,  that  thc^ 
first  step  is  the  splitting  of  the  fat  into  fatty  acid  and  glycerin 
under  the  influence  of  the  lipase  found  in  so  many  of  the  tissues 
of  the  body.  The  fat  that  lies  in  the  storage  tissues — skin,  peri- 
toneum,  etc. — probably  does  not  undergo  oxitlalion  in  these  places. 
In  times  of  need  it  is  abs«>rhed  and  distributed  to  the  more  active 
tissues,  and  in  this  initial  process  of  solution  it  is  probable  tliat  a 
regtilative  influence  is  exerted  by  the  Itpiuse  as  suggested  by  Ix)even- 
hart  (see  p.  tj8l).  That  is,  by  its  reversible  action  this  enzyme 
may  control  the  output  of  fat 'to  the  blood,  as  the  s\ipply  of  sugar 
in  the  blood  is  kept  constant  by  the  diastatic  enzyme  of  the  liver. 
After  the  action  of  the  lipase  we  can  only  say  that  oxidation 
lakes  place,  but  through  how  many  stages  is  not  known.  It  seems 
probable  that  the  lung  carbon  chain  of  the  fats  (stearic  aciti  —  ^'H,- 
(CHj),,COOH)  is  deprived  in  succecssioti  of  its  carlxjn  atoms  by 
oxidation,  with  tlie  formation  of  sviniple  fatty  acids,  but  little 
positive  evidence  has  been  obtained  of  inteiiiiediatc  pToduct.s. 
Perhaps  the  most  significant  fact  known  bearing  upon  this  point 
is  that  under  conditions  which  involve  a  large  destniction  of  fat 
in  the  body,  as  in  starvation,  fevers,  and  etipecially  In  ilial>etes, 
j5-oxybutyric  acid  together  with  uceto-acetic  acid  and  acetone -are 
excreted  in  the  urine.  The.se  three  substances  are  dcMgnated  as 
the  acet'One  lx)dies,  and  their  appearatire  in  the  urine  makes  the 
condition  known  as  acctouuria.  The  oxybutyric  acid  may  l»e 
regardeii  as  the  source  of  the  other  two,  as  maj'  be  inferred  from 
(heir  formulas.  ^?-<»xybutyric  acid  -('H,<"H<)H('H/'()()H.  By 
oxidation  this  yields  aceto-acetic  arid,  C'H/'CK"H/'(K)H,  and 
this  by  loss  of  CO,  is  converted  to  acetone,  CH,COCH,.  The 
evidence  seems  to  show  that  the  oxybutyric  acid  arises  from  the 
fats,  and  it  represents  possibly  one  of  the  simpler  fatty  acids  formed 
in  the  interm^diato   mot;dx»iism  of  the  fats. 

Origin  of  the  Body  Fat. —  The  views  upon  the  origin  of  body 
fat  have  undergone  a  nunil>er  of  changes  in  the  last  fifty  or  sixty 
years,  illustrating  in  an  interesting  way  how  <ievelopment  of  our 
experimental  methods  leads  often  at  first  to  half-trutlis  which  are 
corrocteti  later  by  more  extensive  work.  Dumas  and  others  (1840) 
held  to  the  natural  view  that  the  fat  of  the  body  originates  directly 
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from  the  fat  of  the  food.  Liebig,  applying  his  more  exact  methrxST 
demonstrated  that  in  some  cases  at  least  this  source  is  insufficient 
to  account  for  all  the  fat.  The  fat  yielded  by  the  milk  of  a  cow 
for  instance,  may  l>e  greater  in  quantity  than  the  fat  contained 
in  the  fo(»d.  He  also  pointed  out  that  the  fat  of  each  species  of 
animal  is  niore  or  less  peculiar,  the  fat  of  the  sheep  having  a  higher 
melting  point  than  pork  fat,  and  l>oth  differing  in  composition  from 
the  fat  taken  as  food.  "In  hay  or  the  other  fodder  of  oxen  no 
beef  suet  exists,  and  no  hog's  lard  ran  be  found  in  the  potato  refuse 
given  to  swnne. "  He  was  led  to  attribute  the  source  of  body  fat 
chiefly  to  the  carbohydrate  food,  and  this  Mief  agreed  well  with 
the  experience  of  agriculturists  as  to  the  use  of  such  foods  in  fatten- 
ing animals  for  market.  Tliis  view,  in  turn,  was  displaced  by  the 
theory''  of  Voit,  supported  by  elaborate  feeding  experiments.  Voit 
tielieved  that  the  fat  of  the  body  is  formed  mainly  or  entirely  from 
the  protein  of  the  food,  the  carbohydrute  and  the  fat  of  the  diet 
lieine  uy-eful  only  to  protect  a  part  of  this  protein  from  oxidation. 
Voit's  experiments  have  been  shown  by  Pfluger  to  have  been  based 
upon  erroneous  analyses  of  the  meat  used  in  his  experiments.  Voit 
assumed  that  in  this  meat  the  ratio  -^  is  equal  to  1.34  to  1.37,  while 
Pfliiger  showed  that  it  is  lower,*  1.33.  The  modern  point  of  view 
is  that  the  fat  of  the  body  originates  j)artly  from  the  fat  of  the  food, 
particularly  in  camivora,  and  partly  from  the  carlwhydrate  of  the 
food,  e8]>ecialiy  in  herbivora^  in  whose  diet  this  foodstuff  forma 
such  a  lai^ge  part.  Whether  under  any  circumstances  the  pro- 
tein food  may  also  serve  as  a  source  of  body  fat  is  still  an  open 
questiitn,  decisive  exj^rimenU  ]>eing  lacking. 

Origin  of  Body  Fat  from  Food  Fat. — The  first  proofs  that 
the  focHl  fats  may  be  tlej>osit€d  as  such  in  the  fat  tissues  of  the 
body  were  obtained  by  feeding  foreign  fats  to  dogs  and  demon- 
strating that  these  fats  can  afterward  be  recognized  in  the 
tissues  of  the  animals.f  Linseed  oD,  mjje-seed  oil,  and  mutton-fat 
were  used  in  these  experiments.  Secondly,  it  lias  been  made 
pn)bable  liy  feeding  experiment's  that  the  nornial  fat  of  the  food 
undergoes  a  similar  fate.  Thus,  Hofnmnn  used  a  dog  weighing 
26  kgms.  aiitl  allowed  it  in  stan'e  mitil  its  weiglit  was  reduced  to 
16  kgms.  It  was  then  fed  for  five  days  on  a  little  meat  and  large 
quantities  of  fat.  At  the  end  of  that  time  it  was  killed  and  analyzed. 
The  body  containetl  \li5S  gms.  of  fat,  of  which  only  131  gms.  could 
have  come  fnmi  the  protein  used,  assuming  that  this  material 
can  serve  as  a  fat  former.  Much  of  the  fat  found,  therefore,  was 
probably  derived  from  the  fat  of  the  food. 

*  Pflugcr,  "  Archiv  f.  die  gcsamtnte  Iliystologie,"  61,  220,  1892,  and  77, 
521,  1899. 

t  LebedefT,  "  Centrnlblatt  f.  die  med.  Wiss.."  8,  1881,  and  Munk,  "  Vii^ 
chow's  Archiv,"  95,  407,  1884. 
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Origin  of  Body  Fat  from  Carbohydrates.— That  the  Ixidy 
fat  may  have  this  origin  has  been  niade  probable  or  certain  by 
feeding  experiments.  Thus,  Rubner  fed  a  dog  (5.89  kgms.)  for 
two  days  on  a  diet  of  sugar,  starch,  and  fat  whose  total  carlx>n 
content  was  equal  to  176.6  gms.  During  this  period  the  animal 
excreted  87.1  gms.  of  carbon.  There  were  retained  in  the  body, 
therefore,  89.5  gms.  carbon.  The  fat  fed,  4.7  gms.,  contained 
(4.7  X  0.77)  3.6  gms,  C.  The  total  nitrogen  excreted  diuing  this 
period  was  2.55  ^ms.,  which  indicated  a  metalx>lism.  therefore,  of 
16  gms.  (2.55  a  6.25)  of  Ixxly  protein.  Making  the  improbable 
ttSBumption  thai  all  of  the  tarltt>n  of  this  protein  was  retained  in 
the  body,  this  would  account  for  8.32  gms.  C  (16  X  0.52);  so  that. 
3.6  -h  8.32  or  12  gms.  C  might  have  originated  from  sourt-es  other 
than  the  carl^ohydrale  of  the  food,  le^iving,  therefore,  89.5 — 12 
or  77.5  gm.s.  of  C,  which  could  huvc  arisen  only  from  the  carbohy- 
drate. This  quantity  of  carbon  could  have  !)een  retained  only  as 
glycogen  or  fat.  Allowing  for  the  greatest  possible  storage  of 
glycogen,  78  gms.  or  34.6  gm.s.  C,  there  would  still  remain  42.9  gms. 
of  r,  which  could  have  l>eon  retained  outy  as  fat.  Numerous  other 
fattening  experiments  of  lilfferent  kinds  have  been  made  in  which 
it  has  been  shown  that  the  fat  laid  on  by  the  animal  could  not  l:>e 
accounted  for  by  the  fat  of  the  fooil,  nor  by  assuming  with  Voit  that 
it  originated  from  the  protein.  The  combined  testimony  of  these 
experiments  have  satisfied  physiologists  Ihat  the  ti.s-sues  can  pro- 
duce fat  from  sugar.  The  chemi.stry  of  the  change  is  not  understood 
and  camiot  l>e  imitated  in  the  lal>oratory. 

The  Source  of  Body  Fat  in  Ordinary  Diets. — For  the  pur- 
pcKscs  of  demonstration  the  ex|>crinients  made  to  prove  the  orijiin 
of  IkmIv  fat  from  ctirl>ohyiirnte  or  the  fat  of  f<M)d  have  made  use 
of  abnormal  diets  and  c-onditions.  It  would  l>e  a  matter  of  practical 
interest  to  a.^L*ertaii!  whether  upon  normal  diets  the  fat  of  the 
Ixxly  arises  more  ea.sily  fnnn  the  fat  or  from  the  rarbohydrate  of 
the  food.  While  the  question  is  one  to  which  a  ]x>sitive  answer 
cannot  be  given,  it  seems  to  lie  probable  that  the  result  varies  with 
conditions  and  the  nature  of  the  nniraal.  Experience  seems  to 
show  that  carnivorous  animals  can  l>e  fattened  more  easily  on  a 
fat  diet,  herlnvora  on  a  ciulHjhyilrate  <liet.  In  animals,  like  our- 
selves, there  is  reason  to  Ix^lieve  that  the  carlx)hydrate8  are  more 
easily  and  more  quickly  destroyed  in  the  botly  than  the  fats,  and 
that,  therefore,  the  latter  may  \je  more  readily  deposited  in  the  tis- 
sues, although  an  excess  of  carbohydrate  l>eyond  the  actual  nee^ls 
of  the  IkwIv  will  also  1k»  preserved  in  the  fttrm  of  fat  or  glycogen.* 

The   Cause   of    the    Deposit    of   Body   Fat — Obesity. — Our 

experience  shows  that  individuals  differ  greatly  in  the  ease  with 

•TonMiIl  R*>senfeldj  'Ergebniase  der  Phyaiologie, "  vol.  i,  part  i,  1902. 
Complete  litorntun*. 
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wliicb  Ihey  form  fat.  Stune  ujjon  reliUively  smjill  <liet,s  form  much 
fat,  while  others  remain  thin  in  ypite  of  the  ingestion  of  large  amounts 
of  food.  V'oit  hiUi  indicated  the  generai  reason  for  this  difference — 
namely,  that  it  ilei^uds  upon  the  capacity  of  the  body  to  destroy 
food  maierial.  Wiien  footl  is  suppUed  and  absorl)ed  in  exrp?w 
of  this  capacity  the  excess  is  stored  mainly  as  fat.  and  to  a  small 
extent  an  glycogen  or  as  new  protein.  A  diet  which  will  pivc  such 
an  excess  to  one  iniiividual  may  in  the  body  of  another  of  the  same 
wei<;ht  U^  all  consumed.  The  ffxidizinf^  capacity  of  the  body 
differs  in  diJTerent  individuals  and  some  will  lay  on  fat  more  readily 
than  othei*s,  l>ecause  for  them  an  excress  of  material  is  provided  by 
a  lelatively  small  diet.  Fundamental  differences  of  this  character 
in  the  properties  of  the  protopjju-^m  arc  frequently  transmitte<i  by 
heredity  throujrli  numy  generations.  Those  individuals  who  show 
little  tenden(*y  to  lay  on  fat  may  be  made  to  do  so  liy  largely  in- 
creasing the  amount  of  food,  or  more  certainly  by  altering  the  mode 
of  life.  A  se<lentary  life,  absence  of  worr\',  etc..  may  lead  to  a 
tendency  of  this  kind,  while  a  ven*  active  muscular  life  has  the 
opposite  effect.  Men  who  lead  a  ver>*  muscular  hfe — farmers, 
fishermen,  etc. — arc  rarely  disposed  to  accumulate  fat  to  a  notice- 
able degree.  So  also  the  use  of  alcoholie  beverages  may  indirectly 
favor  accumulation  of  fat,  partly  because  the  oxidation  of  the 
alcohol  protects  the  fat.s  and  cjirbohydrates  fr(»m  oxidation,  titui 
piirtly  also,  perhaps,  lx^;ause  long-continued  use  of  alcohol  may 
deprc::^s  the  oxidizing  caj)acity  of  the  tissues.  The  tendency  to 
form  fat  may  exhibit  itself  in  some  eases  to  such  an  extent  as  to  con- 
stitute an  almost  pathological  condition.  Obesity  may  he  coun- 
teracted by  altering  the  motle  of  life,  e.specially  by  taking  nnich 
muscular  exercise,  ami  by  reducing  the  diet,  so  that  the  total  amount 
of  calories  represented  do  not  exceed  one-half  to  three-fifths  that 
recognized  as  the  usual  average  (see  p.  840).  The  diet  for  such 
purposes  shotdd  not  only  be  reduced  in  amount,  but  should  \ie  as 
free  as  possible  from  exce.ss  of  fats  and  carlM>hydrates,  consisting  of 
such  material  as  eggs,  fisli,  lean  meat,  salads,  fruits,  etc.* 

Summary  of  the  General  Functions  of  Fat. — ^The  general 
functions  fnUillcd  hy  (he  fats  may  l>e  suummrized  briefly  under 
the  fnUnwing  heruls:  (1)  It  provides  a  store  of  reserve  food  which 
is  used  by  the  body  in  case  of  ilehcieney  of  food  or  complete  at-ar\'a- 
tion.  The  fattening  of  hibernating  aniimils  before  their  winter 
sleep  and  the  humps  of  the  eamel  give  conspicuous  examples  of  this 
peculiarity.  (2)  Hy  its  (»xidatinn  in  tlie  body  it  furniaheji  a  part 
of  the  licat  energ>'  necossar^'  to  maintain  the  iKxly  temperature. 
On  account  of  its  high  coministion  er]uivalent  (1  gm.  of  fat  yields 
9.3  Calories)  fat   is  very  effective  in  this  respect.     Inhabitants 

*  For  practical  ilirections  ooiici-rniryr  the  trcatnifnt  of  obeaity  by  dieting 
Be**  Guutier,  "L'alimentntion  et  Ipj*  regimes."     Parifl,   1904. 
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of  cold  regions  choose  a  diet  rich  in  fat.  (3)  It  is  a  protein  saver. 
Like  the  car)x>hydrate  food,  its  oxidation  protects  the  protein  from 
consumption.  In  starvation,  therefore,  the  amount  of  protein 
destroyed  daily  is  smaller  as  long  as  any  fat  remains,  and,  under 
ordinary  conditions  of  life,  the  larger  the  amount  of  fat  in  the  diet, 
the  less  the  amount  of  protein  necessary  to  maintain  the  body 
in  nitrogen  equilibrium.  Experiments  show  that  in  this  respect 
the  fat  is  not  so  effective  as  an  equivalent  amount  of  carbohydrate 
food.  The  difference  is  referable  to  the  greater  difficulty  of  oxida- 
tion of  the  fatty  material,  and,  perhaps,  also  to  the  fact  that  the 
necessary  sugar  which  the  body  requires,  even  in  starvation,  is 
obtained  largely  from  the  proteins  when  carbohydrates  are  lacking 
in  the  diet. 


CHAPTER  XLTX. 


NUTRITIVE  VALUE  OF  THE   INORGANIC   SALTS  AND 
THE  ACCESSORY  ARTICLES  OF  DIET. 

The  Inorganic  Salts. — The  body  contains  in  its  tissues  and 
liquids  a  considerable  amount  of  inorganic  material.  When  any 
organ  is  incinerated  this  muterial  remains  as  the  ash.  If  we  omit 
the  bones,  which  are  rich  in  mineral  material,  the  average  amount 
of  ash  in  the  body  amoiints  to  about  0.1  per  cent,  of  its  weight. 
It  consists  of  chlorids,  phosphates,  sulphates,  carbonates,  fluorids. 
or  silicates  of  potassium,  sodium,  calcium,  miijt^nesium.  and  iron; 
iodin  occurs  also,  especially  in  the  thyroicl  tissues.  In  the  liquids 
of  the  body  the  main  salts  are  sodium  chlorid.  sodiimi  carbonate, 
sodium  phosphate,  potassium  and  calcium  chlorid  or  phosphate. 
In  considering  the  organic  foodstuffs  weight  was  laid  upon  their 
value  as  sources  of  energy,  as  well  as  ujjon  their  function  in  con- 
structing tissue.  The  salts  have  no  importance  from  the  former 
staTulpoint.  Wh;itever  chemica!  changes  they  undergo  ai*e  not 
attended  by  any  liljeration  of  heat  energ>' — none  at  least  of  suffi- 
cient im]>ortance  to  be  considere<i.  They  have,  however,  moat 
important  functions.  They  nuuntain  a  normal  composition  and 
osmotic  pressure  in  the  li<iutds  and  lissues  of  the  lx>dy.  and  by 
virtue  of  their  osmotic  pressure  they  play  an  important  part  in 
controlling  the  flow  of  water  to  and  from  the  tissues.  Moi-eover, 
these  salts  constitute  an  essential  part  of  the  composition  of  living 
matter.  In  some  way  they  are  bound  up  in  the  structure  of  the 
liviutc  molecule  and  are  necessary  to  its  normal  reactions  or  irrita- 
bility. Even  the  proteins  of  the  lx>dy  liquids  contain  definite 
amounts  of  ash,  ami  if  this  ash  Is  removed  their  properties  are 
seriously  altered,  as  Is  shown  by  the  fact  that  ash-free  native  pro- 
teins lose  their  projierty  of  ron^ulation  by  heat.  Tlie  globulins 
are  precipitated  from  their  solutions  when  the  salts  are  removed. 
The  special  importance  of  the  calcium  salts  in  the  coagulation  of 
blood  and  the  curtiUng  of  milk  lias  l>een  referred  to,  as  also  the 
peculiar  part  played  by  the  calcium,  pota.ssium,  and  sodium  .salt3 
in  the  rhythminxl  contractions  of  heart  muscle  and  the  irritability 
of  muscular  and  nervous  tissues.  The  special  importance  of  the 
iron  salts  for  the  production  of  hemoglobin  is  also  evident  without 
comment.  The  nutritive  importance  of  the  salts  in  the  diet  has 
been  demonstrated  by  direct  ex|>eriment. 
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Fatal  Effects  of  Ash-free  or  Ash-poor  Diets. — Dogs  have 
been  fed  (Forster)  uimui  a  diet  c<mipf>sed  of  ash-free  fats  and  carbo- 
hydrates, and  meatjt  which  had  been  extracted  with  water  until 
the  saltfi  had  been  much  retliiccd.  The  aninmls  were  in  a  monhnnd 
condition  at  the  end  uf  26  Ut  36  days.  It  is  probuljJc  that  they 
would  have  lived  longer  if  deprived  of  food  entirely,  with  the  exccj>- 
tion  of  water,  since  the  metabolism  of  the  abundant  diet  provided 
aided  in  increasing  the  loss  of  salts  from  the  body.  Limin  has 
descril>ed  experiments  wlilch  indicate  that  some  at  least  of  our 
saltw  must  l)e  jmivitlrd  for  us  in  urgunic  fombitmtioiis  stich  as  are 
found  iu  plant  and  animal  foods,  lu  his  experiment's  he  found 
that  mice  lived  welt  on  a  diet  of  dried  cows'  milk.  If  fed.  however, 
on  a  diet  containing  the  organic  but  ash-free  constituents  of  milk, 
— namely,  sugar,  fat,  and  casein, — together  with  the  extracte^^ 
salts  of  cow^'  milk,  they  died  in  20  to  30  days.  ^fl 

The  Special  Importance  of  Sodium  Chlorid,  Calcium,  and 
Iron  Salts. — Sodium  chlorid  occupies  a  peculiar  |xxsition  among 
the  inorganic  constituents  of  our  diet,  in  that  it  is  the  only  one 
which  we  deliberately  add  to  our  food.  The  other  inorganic 
material  is  taken  unconsciously  in  our  diet,  but  alth(>ugh  sotUum 
chlorid  exists  also  in  our  food  in  relatively  large  tjuanrities  wChI 
purposely  add  more.  It  Ls*e8tinmte<I  that  the  average  man  in-^ 
gests  from  20  to  30  gms.  a  day.  'I'his  peculiarity  is  exhibited 
also  by  many  animals.  The  farmer  jiroviiles  salt  for  liLs  stock  and 
wUd  animals  visit  the  salt-licks  constantly,  Hunge  has  called 
attention  to  the  fact  that  among  men  ami  animals  this  desire  for 
salt  is  limited,  for  the  most  part  at  least,  to  those  that  use  vege- 
table food.  From  the  accounts  of  travelers  he  shows  that  when 
a  purely  animal  tlict  is  used  there  is  no  desire  for  salt ;  but  on  a  vege- 
table diet  there  is  a  craving  for  it  which  may  l>ecome  ver^'  intense 
and  unpleasant  when  circumstances  prevent  its  being  obtaineil. 
He  offers  an  ingenious  explanation  for  thLs  relation.  Most  vege- 
tables contain  a  large  anuuuit  of  jKtlassium  salts,  and  in  the  blood 
these  salts  react  with  the  sodium  chlorid.  Thus»  if  iK>tassium 
sulphate  were  added  to  the  blood  it  would  react  with  sodium 
chlorid,  giving  some  potassium  chlorid  and  some  8o<ihim  sulphate. 
Both  of  these  salts  will  be  removed  by  the  kidneys,  since,  except 
in  minute  amounts,  they  are,  so  to  speak,  foreign  to  the  blood. 
This  latter  liquid  will  thereby  lose  some  of  its  supply  of  sodhim 
salt,  whence  the  cniving  for  more  in  the  foini.*  Whether  or  not 
this  explanation  is  correct,  the  fact  which  it  seeks  to  account  for 
seems  to  l>e  well  est4iblished.  It  can  not  be  doidited,  however,  that 
under  ordinary'  conditions  we  \ise  salt  in  quantities  much  larger  than 

•  For  Hn  intcrcaiing  dLscu.«eion,  see  Bunge,  "  Physiologie  des  Men!»olieii, " 
vol  ii,  p.  103,  1901. 
C*3 


834 


NXTTRITION   AND  HEAT  UEUDLATION. 


is  necessary  to  maintain  tlie  sodium  rhlorid  rontent  of  the  blood. 
It  is  employed  as  a  condiment  for  its  pleasant  flavor,  and  it  is 
possible  that  its  use  is  often  carried  to  excess.  This  is  a  matter  of 
practical  dietetics  concerning  which  at  present  we  have  no  satisfac- 
tor>'  experimentiil  data  to  base  a  judgment  upon. 

The  calcium  salts  of  the  bo<iy  play  a  most  important  rAle  in 
connection  with  the  iiTitability  of  muscle  and  nerx'e  (p.  520). 
They  are  also  of  obvious  importiince  in  furmshing  nuiterial  for 
the  growth  of  the  skeleton.  Their  importance  in  this  reganl  hA5 
been  demonstrated  by  feeding  exijeriments.  Voimg  dogs  when 
given  a  diet  poor  in  calcium  salts  fall  into  a  condition  resemljling 
rickets  in  children,  owing  to  a  deficient  growth  of  tiie  Ixmes.  Pig- 
eons also,  when  fed  upon  a  similar  diet,  exhibit  an  atrophy  and 
fragility  of  the  lx>nes  due  floubtless  to  the  lack  of  calcium  salt*. 
As  in  tlie  ease  of  the  other  food  materials,  there  must  be  a  definit* 
calcium  metabolism  in  t}ie  bo<ly.  It  is  probable,  indeed  certain, 
that  most  of  the  calc-ium  salts  ingested  simply  pass  through  the 
body  without  entering  into  its  structm-e.  They  are  eliminated 
unchanged  or  unused  in  the  feces  or  urine.  A  small  i>ortion,  how* 
ever,  must  be  absorljed  and  used  and  a  corresponding  amount  ra 
be  eliminated  as  a  true  waste  product  of  tissue  meta!x>lisna.  Voit 
by  experiments  upon  isolated  loops  of  the  intestine,  has  sho 
that  some  calcium  is  constantly  eliminated  from  the  inner  si 
of  the  intestine.  The  amount  is  small,  not  exceeding  i>erhaps  O.l 
to  0.16  gi'utns  per  day.  There  is  some  evideure  that  the  atnounl 
of  calcium  in  the  tissues  increases  with  age.  This  is  certainlr 
true  of  the  bones,  which  become  exceedhigly  brittle  in  advanced 
life. 

The  iron  salts  that  are  constantly  necessar>'  for  the  production 
of  new  hemoglol)in  are  provided  in  our  food,  in  which  they  exist 
in  organic  combination.  The  value  of  the  food  in  this  res| 
varies  greatly,  as  may  be  seen  from  the  following  table  eel 
from  Bunge's  analysb; 

100  gms.  of  dry  substance  contain  iron  in  milligrams,  as  follovrs  : 

White  nf  egg .trace       Apples. 13 

Hire lto2  Cabbage  (greeii  1cavc»). . .        17 

Wheat  flour  (bolted).,     l.«  Beef...- 17 

Cows*  milk 2  3  .\srMirAffU-H  20 

Potatoes 6.4  YoJk  of  egg  10  to  24 

Peas 6.2  to6.fi  Spinach 33  i"  39 

Carrots S.6 

In  conditions  of  malnutrition,  particularly  in  the  simple  anemiaSv 

it  IiecomPvS  necessar>'  to  select  a  diet  with  reference  to  its  content* 

in  iron  or  to  add   iron   dehberately  to  the  diet.    Therapeutical! 

in  may  be  given  in  the  form  of  simple  salts  with  organic  or  mine 

ids  or  in  more  complex  organic  combination.    There  has 

ch  controvcTsy  as  t.i>  whether  the  l>ody  is  capable  of  ta! 


o  iron  in  inorganic  form  and  syntliofizinfi  it  into  a  molecule  so 
mplex  as  that  of  henioglohin.  lAi)erienoe,  however,  seem  to 
show  that  this  is  ponsible,  although  under  normal  conditions  at 
least  our  iron  is  uso<l  in  (organic  form.  Fiun^e  first  tsolateil  such  a 
rr)tufK)un(i,  a  nurleo-alhimiin  foiitiuiiiu^  iron,  which  he  prejxired 
from  the  egg  yolk  and  ealkni  honiat<igen.  This  cotnjxtuud  must 
Ber\'e  as  the  source  of  the  hemoglobin  in  the  devclojmig  cliick. 
When  the  diet  is  directed  especially  toward  increasing  the  iron 
food  it  would  seem  to  be  wiser  to  chfMJse  these  compounds,  or,  better 
still,  the  iron-rich  foods,  rather  than  medicinal  preparations  of 
the  inorganic  salts.  The  daily  excretion  of  iron  from  the  IkxIv 
takes  place  in  the  feces  rather  than  in  the  urine,  Tlie  experiments 
of  Voit  upon  isolated  loops  of  the  intestine,  referred  to  above,  show 
that  iron  is  eliminated  from  the  walls  oi  the  intestine.  'I'he  whole 
history  of  the  metalKdisui  of  iron  in  the  Iwuly  is  surrouiule<l  by 

Imxich  uncertainty.  After  absorption  its  synthesis  to  hemoglofiin 
takes  place, as  to  its  final  stages,  in  the  red  murrow,  but  it  is  possible 
that  other  organs  may  lake  jiart  in  tlie  formation  of  intermediate 
products.  -\s  regards  its  eliminatitin,  we  know  that  the  breaking 
down  of  the  homogtobin  (formation  of  bile  pigments*  occurs  pruli- 
ably  in  the  liver,  but  the  final  excretion  of  the  iron  takes  place 
mainly  throuijh  the  walls  nf  (lie  intestine. 

Accessory  Articles  of  Diet. — Under  this  general  term  we  may 
include  all  those  bodies  dassetl  jus  conflirrtrnts,  fiai'ors,  and  stimu- 

■  lants,  which  we  habitually  take  in  our  diet  in  order  to  enhance  the 
attractiveness  of  the  food.  Tliese  sulistances  may  or  may  not 
have  some  heat  value  to  the  l)ody — that  L<.  they  may  undergo 
oxidation  with  the  Ulceration  r)f  heat  cncrg>':  but,  in  general,  their 

t  value  in  nutrition  is  due  to  other  properties. 
The  Flavors  and  Condiments. — Perhaps  the  most  important 
influence  exerted  by  these  bodies  is  that  by  making  the  foo<l  appe- 
tizing they  increase  the  secretion  of  gastric  juice.  The  origin  of 
the  so-called  psychical  secretion  has  l)een  descriljetl  (p.  689),  and 
there  can  be  little  doubt  that  the  |mlatableness  of  foo<l  influences 
greatly  the  facility  with  which  its  gastric  digestion  is  accomplished. 
It  is  said,  in  fact,  that  dogs  will  refuse  to  eat  food  that  has  l»een 
deprivevl  entirely  of  its  sapitlity  and  flavor,  preferring  rather  to 
Btarve.  Some  of  these  substances  (pepp>er),  as  also  the  stimulants 
(alcohol),  may  have  an  additional  value  in  that  they  increase  the 
rnpiditv  of  absor]>tion  from  the  stomach.  Ciautier  divides  the 
condiments  into  the  following  classes:  (1)  AromaticSf  comprising 
vanilla,  anise,  ciimamon,  nutmeg,  and  otlier  similar  essential  oils. 
(2)  Peppers.  (8)  The  tdliticeous  condiments, — garlic,  mustard, 
ete.  (4)  1*he  acid  condirncrds, — vinegar,  citron,  pickles,  etc.  (5) 
The  8(dty  condimeids,  such  as  table  salt.     (6)  The  sugar  condimnds. 
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The  Stimulants. — Under  this  head  we  inohide  alcohol,  tea.  coffee. 
chocolate,  or  cocoa,  and  meat  extracts  (l>eef  tea,  etc.).  Regarding 
the  last  mentioned  substance,  its  physiological  value  has  l>een  made 
clear  by  the  work  of  l^awlow  (p.  700).  M«it  extracts  of  various 
kinds  contain  secretogogues  which  stimulate  the  gastric  glands  to 
secretion.  In  themselves  they  may  contain  very  little  actual 
foodstufif.  Liebig's  extract  contains  some  protein,  gehitin,  and  gly- 
cogen, which  form  an  actual  nourishment,  but  its  specific  value 
as  a  gastric  stimulant  depends  ufxm  other  constituents,  possibly  the 
nitrogenous  extractives, — crcatin,  xanthin,  camin,  etc.  Coffee 
and  tea  uwe  their  well-known  stimulating  action  to  the  presence 
of  an  alkaloid,  caffein  or  trimethyl-xanthin.  It  may  be  considered 
as  xanthin  in  which  three  of  the  hydrogen  atoms  have  been  r&- 
placed  by  methyl  (CHj)  groups,  as  is  indicated  in  the  following 
structural  furmulas: 


H.\-CO 
CO    C— NH 

I  J  />^« 

HX-C— N 


CIljN— CO 

CO    0-N<^*** 

I      II       j^B 
CH,X— C-N 


Xanthin. 


CafTe 


This  alkaloid  has  a  diuretic  action  on  the  kidneys  and  a  stimulating 
effect  on  the  ner\'e  centers,  as  is  illustrated  by  its  effect  in  raising 
blootl-pressurc  by  an  action  on  the  vasoconstrictor  center.  The 
influence  of  tea  and  coffee  in  preventing  sleepiness  may  be  referral 
to  this  action  on  blood-pressure.  The  use  of  these  substances, 
according  to  general  ex]>erience,  augments  muscular  energy  and 
diminishes  the  sense  of  fatigue.  Cocoa,  or  the  chocolate  made 
from  it  by  the  ad<lition  of  suf^ar,  contains  considerable  nourish- 
ment in  the  form  of  fats,  carbohydrates,  and  proteins,  but  its  stimu- 
lating effect  is  referred  to  the  alkaloid  theobromin  or  dimethyl- 
xanthin.  and  to  some  extent  possibly  to  the  essential  oils  develope*! 
in  roasting.  The  thctibromin  exerts  stimulating  effects  similar  to 
those  of  the  cnffein.  The  meth^'lxanthint?  are  in  part  oxidized  in 
the  body  and  In  part  (one-third)  excreted  in  the  urine. 

AlcohoL — ^The  physiological  effects  of  alcohol  are  of  peculiar 
interest  to  mankind,  owing  to  its  widespread  use,  and  especially 
to  the  disastrous  results  following  its  intemperate  consumption. 
Those  who  employ  it  in  excess  are  in  danger  of  acquiring  an  alco- 
holic thirst  or  habit  toward  which  the  body  possesses  no  counter- 
acting regulation.  When  food  is  eaten  in  excess  we  experience  a 
feeling  of  satiety  which  destroys  the  desire  for  more  footi,  and  the 
same  regulation  prevails  in  the  case  of  water.  With  alcoholic 
drinks,  however,  the  desire  may  continue  long  after  the  alcohol 
taken  has  l>egim  to  exert  an  injurious  action  upon  the  tissues. 
The  e\il  effects  of  excessive  use  of  alcohol  are  so  continuallv  demon- 
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strated  upon  man  that  there  is  no  neeil  for  experimental  investi- 
gations to  establish  this  fact.  Patholugical  examination  of  the 
tissues  in  the  case  of  confirmeci  dnmkarcis  has  demonstrated  the 
existence  of  definite  lesions  in  many  of  the  organs, — stomach, 
liver,  heart,  ner\'ou3  system, — and  have  shown  that  under  these 
conditions  it  acts  as  a  tissue  poison.*  Tlus  result  is  exliibited 
not  only  in  cases  of  chronit^  alcoholism  in  wJiich  these  lesions 
have  developed  gradually,  but  also  in  cases  of  acute  alcoholism 
resulting  from  exi-essive  doses.  On  the  other  hand,  it  is  known 
that  many  inLlividuals  use  alcohol  iu  moderate  tloses  tliroughout 
life  with  no  noticeably  evil  result,  but,  on  the  contrary',  with  possible 
l>enefit»  particularly  in  advanced  life.  The  matter  of  practical 
importance  and  interest  is  to  determine  the  physii4ogical  r6le  of 
mo<lerate  dose-s  of  alcohol.  iJoes  it  sen'e  a  usefid  [niriHKHe,  acting 
as  a  food  or  stimulant,  or  is  it  a  poison  in  all  doses  to  a  greater  or 
lees  extent  ?  I'he  literature  upon  the  subject  is  ver\-  large  and 
in  many  resjjects  conflicting.  Only  a  brief  summar>-  can  l>e 
attempted  here.  Regan itng  its  stimulating  action  the  general 
experience  of  mankind  attributes  a  result  of  this  kind  to  its  use 
in  small  tjuantiticH.  It  confers  a  sense  of  well-being  and  an  in- 
crease in  mental  and  muscular  activity,  although  tlicse  giwjd  effects 
may  I »e  quickly  overstepjied  by  toogrcat  a  df»se.  Sjiecihc  researches 
have  been  made  to  show  that  the  alcohol  may  decrease  the  reaction 
time  and  increase  the  rapidity  aufl  amount  of  the  uuiscular 
contractions.  On  the  he^rt  and  bloo<l-vesseLs  alctihol  in  small 
quantities  ap])cars  to  have  no  ptsitivc  effect  of  a  stimulating 
character.  Jt  is  known  that  even  in  Hiimll  tloses  it  causes  a  dilata- 
tion of  the  skin  vessels,  giving  a  feeling  of  warmth  and  leading  to 
increased  loss  of  heat;  but  whether  this  effect  is  due  to  a  stimula- 
tion of  the  vasodilator  cent^^rs  or.  as  seems  more  probable,  to  a 
narcotic  or  depressing  action  upon  the  vast)constrictor  cenlera  has 
not  Ijecn  defmitely  dciiMniHt rated.  Some  of)servers  obtain  results 
which  indicate  that  alctttiol  d«?cnrases  the  elhciency  of  the  neuro- 
muscular apparatus  and  tiots  in  all  doses  as  a  sedative  or  paralyzant 
rather  thanf  as  a  stimulant.  It  has  been  suggested  that  as  regards 
the  higher  ner^'e  centers  its  a[)pan»nt  stinndating  effect  uiay  be  due 
in  reality  to  a  paralysis  of  inhibitor>'  centers,  thus  removing  contn>l 
and  rp-straint  and  leading  to  freer  mental  action.  The  exix?rience 
of  explorers  bears  out  the  general  view  that  imfler  conditions  of 
stress  and  excitement  alcohol  is  of  little  value  as  a  stimulant.  WTiat- 
ever  action  it  has  in  this  direction  is  tcmpornn,'.    After  the  ilay's 

•See  Welfh,  "'Hie  PiitIi<jlo(cicj>l  F^fTectn  of  Alcohol,"  in  "Physiological 
A»pert«  of  the  Ki(|U'ir  Problem,"  vol.  ii,  l(H)3. 

t  For  literature  and  Hlscussion  sec  .\bel,  "  The  PharTnat*olofi:ica1  Action  of_ 
Alcohol,"  in  "  Pliysiokigical  Afi|)eet4  of  the  Liquor  I'roblem,"  vol.  ti,  11 
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work  is  done,  however,  or  in  comiitions  of  mental  depression  the 
use  of  alcohol  may  remove  the  sense  of  fatigue  and  exhaustion 
and  lead  to  a  sense  of  well-being.  The  most  important  work  nf 
recent  years  has  been  dii-orted  toward  tietermining  the  nutritive 
value  of  alcohol.  Does  it  function  under  any  circumstances  &»  a 
food?  Much  depends  in  such  a  discussion  upon  the  meaning  of 
the  terms  used.  In  the  present  brief  statement  it  is  to  he  under- 
stood that  by  foc^d  is  meant  n»aterial  which  can  be  oxidize«l  in 
the  body  with  the  prnfluction  of  usable  energ>',  but  without  in- 
jurious effect  upon  the  tissues,  and  moreover  a  material  whose 
consumption  protects  some  of  the  other  foodstuffs — fats,  carbo- 
hydrates, ami  protein — from  destruction.  In  the  first  place,  there 
b  no  doubt  (hat  alcohol  is  oxidized  in  the  lx)dy.  N'arious  observers 
estiiUiite  that  as  much  as  1)0  to  1)S  per  cent,  of  the  alcohol  absorbed 
is  destroyed.*  tiince  1  gni-  of  alc(»hol,  when  burnt,  j^ields  7  calories 
of  heat,  it  is  evident  that  its  oxidation  in  the  body  must  yield  a 
larpi  supply  of  heat  enerR\'.  The  (luesliou  arises  whether  tliis 
o.vidaliou  of  the  al(^ohol  occurs  in  uddition  to  the  nonnal  metab- 
olism of  the  protein  and  non-protein  foodstufifs.  or  whether  it  pi-o- 
tects  and  takes  the  place  of  tliese  foodstuffs.  With  regard  to  the 
non-proteins  a  number  of  observer  have  attemptetl  to  determine 
the  point  by  ast^ertaininp;  the  total  carlwn  excretion  during  :U3 
alcohol  [jeriud.  If  the  usual  amount  of  material  is  burnt,  and  the 
alcohol  in  addition,  it  is  evident  that  the  carbon  excretion  should  be 
markedly  increaaed.  Mo.st  observers,  however,  fin. I  that  it  re- 
mains practically  the  same.  Such  j'esults  as  the  follo^^^n|^  have 
been  obtained: 

A*      **-    .  I  ¥!-««.»:♦  I  Ali^hol-freedavs. .  251.9  ems.  carbon. 
Atwater  aiul  Benetiict  |  .^(^,^,^^j  ^^^     -        ^^^  S ,. 

—  13.4     "  " 

p.  _^  /  Alroliol-free  dayn.  .'212.58  gni».  earlniu. 

^^^^ \  A!c(»hol  (lays ..'...  .220.84     " 

-*  8.2(3     "  *' 

«,  ^^..                            f  Alrohol-free  tlaj's.  .214.83  gms.  rurbon. 
^***l^^*' \  Alcohol  days 220.87     " 

-f6.04     " 

These  results  indicate  that  the  alcohol  is  used  by  the  lx>dy  in  place 
of  the  other  carbon-containing  foodstuffs.  Cieppert  and  Zuntz  have 
alsti  found  that  on  alcohol  days  there  is  no  material  increase  in 
the  carbon  dioxid  eliminated  or  the  oxygen  absorbed. 

Theoretit'ally  if  the  alcohol  liikcs  the  place  of  the  other  niAterial  the 
amount  of  rarbon  diox'nl  excretod  should  I»e  diminished.  One  gram  of 
alcohol  when  oxidizcil  fumislies  as  nimh  heut  as  1.7  pns.  of  sugar  or  0.73  fpix. 
of  fat.  But  1  pm,  of  alcoliol  when  burnt  yields  only  1.5*1  gins,  of  Ct),,  while 
1.7  gms.  of  sugar  yield  2.77  gms.  COj,  and  0.75  gm.  of  fat,  2.13  gms.  of  CX),. 

*  See  Atwater  and  Benedict,  HuUetiu  G'J,  I'nited  States  Department  of 
Agrimlture,   1899. 
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If  fat  were  replat'CiI  \>y  the  alcohol  live  auiount  of  C'Oi  sliould  \yC  reiluced 
atiniit  10  f>er  cent.,  wliile  if  the  sugar  were  repUicc*!  tlie  retiuction  shoultl 
aaiount  tu  31  iier  cent.  That  suvU  a  retSucluiri  is  not  artually  obeerved  is 
expliunetl  by  the  fact  tlial  the  ulcuhul  leads  tu  more  nnist-ular  activity  and 
a  (creater  lass  of  heat  from  the  coriKestcil  ^kin,  thus  inciirectly  augmenting 
ttte  o.\ii]atioii:>  of  the  boily. 

To  determine  whether  the  combustion  of  the  alcohol  protects  the 
protein  m:iterial  from  iiiptabolisin  tt>  the  stime  extent  as  is  done  by 
ciirl)ohydrates  and  fats,  exjjeriruciiUs  liave  l>een  made  in  which  the 
inilividual  was  bi-ou^^ht  into  nitrogen  equilibrium  on  a  mixed  iliet. 
Then  for  a  given  period  a  portion  of  the  carbohydrate  wa.s  omitted 
and  alcohol  in  isodynamic  amounts  was  substitutetl.  The  rc.^uh 
was  an  Laorease  in  the  uitroyeri  exfrelion.  showing  that  the  alcohol 
did  not  protect  fully  the  protein  tissue.  In  a  third  period  the 
first  diet  wiis  resumett  and  after  nitrogen  ei|uilibrium  had  aiiain 
l^een  estabhshed  the  same  proportion  of  caHiohydrate  wu.^  omitted 
from  the  diet,  but  this  time  alcolio]  was  not  Mibstituted.  If  the 
diet  was  poor  in  protein  it  was  found  that  It-^s  pitftein  was  lost  from 
the  bo<iy  when  tlie  alcohol  was  (Knitted  tfitin  wlten  it  was  use<l. 
Hence  alcohol  not  only  did  not  take  the  place  of  the  carl>ohydnite 
in  protecting  the  jirolein,  but  it  actually  caused  an  incn?ji>ied  pro- 
tein consumption.*  Other  observers  (Ncmuann.  Kosomann  t>  have 
found  that,  altltouj^li  the  cITect  jus!  des4Til>cd  may  occur  in  the  Hr-st 
few  days,  yet  if  the  alcohol  diet  is  maintained  the  injurious  effect 
exen'ised  by  it  rlisappears,  the  lw)dy  <'eases  to  lose  its  pmtein  tissue, 
and  may  even  iay  on  protein.  These  results,  taken  with  those 
given  alx)ve.  indi<'ate.  therTfoi-e.  that  the  alcoljtjl  may  actiudly 
take  the  place  physiologically  of  fat  or  carlHihydrates  as  a  s<^urre 
of  enerp>'  and  as  a  protector  of  protein  mctaiHiliMu.J  Under  these 
circumstances,  therefore,  it  acts  as  a  tnie  foodstuff.  It  is  perhajw 
scarcely  neceKsar\*  to  emphasize  the  fact  that  this  scientihr  con- 
chision  does  not  mean  that  alcohol  can  Ixj  rcganleti  as  a  j)rac- 
tical  f<KM!.  Il»s  exi)ensiveness,  its  dangers  when  the  dose  is  loo 
large,  etc.,  prevent  us  from  reganlingit  in  this  light.  As  Rosematm 
says,  however,  it  Ls  possible  that  on  account  of  its  ready  absoq)tion 
anil  palatableness  it  may  form  a  useftd  substitute  for  the  wdid. 
non-nitrogenous  fo(jdstufTs  in  sickness.  This  suggestion  seenjs 
to  be  supported  by  many  reports  of  cases  in  which  alcohol  has  ser\'e<i 
as  the  sole  or  main  nutriment  during  the  critical  i>erioda  of  fevers 
and  in  other  conditions,  but  it  neeils  to  l3e  teste<i  more  carefully  by 
direct  experiments  l>efore  it  can  l>e  accepted  generally  for  prac- 
tical purposes. 

•See  Miiirm,  "ZeiUchrift  fur  klin.  Mediciii."  20,  1892. 

t  See  Rns^emann,  "Anhiv  f.  liie  gesammte  PIiyMoIogie, "  86,  307,  1901, 
and  I(X),  3IS,  1W13.  for  discussion  urtd  literature. 

J  See  also  Atwalcr  and  Renedid.  "Memoirs  of  National  Academy  of 
Sciences."  1902;  and  Atwater,  "The  Nutritive  Value  of  Alcohol,"  in  "Pby«- 
ological  Aspects  of  the  Liquor  Problem/'  vol.  ii,  1003. 


CHAPTER  L. 


EFFECT  OF  MUSCULAR  WORK  AND  TEHPERATURE  ON 

BODY  METABOLISM— HEAT  ENERGY  OF 

FOODS— DIETETICS. 


The  Effect  of  Muscular  Work. — It  is  a  matter  of  common 
kjiowletlge  that  nmseular  exerrise  increases  the  food  consumed, 
and  scientific  experiments  have  shown  that  it  greatly  augments 
the  consumption  of  uuiterial  in  the  body.  Physiologists  have 
attempted  to  determine  which  of  our  energ\'-yielding  foodstuffs 
is  directly  affectei.1  by  muscular  activity.  A  brief  statement  of 
the  development  of  our  knowledge  upon  this  point  will  make  clear 
our  pi-Pvsent  theories.  A(;cording  to  IJebig,  our  foods  fulfill  two 
general  piirp(fses  in  the  body :  they  are  burnt  to  supply  heat,  respira- 
tory foods — faljj,  and  carbohydrates,  or  they  are  used  to  construct 
tissue.  pluJilic  foods- -proteins.  It  seemed  lo  follow,  from  this 
generalization,  that  muscular  tissue  in  activity  should  use  protein 
material,  and  it  was  liclieved  at  that  time  that  the  metabolism  of 
pmlein  furnished  the  source  of  muscular  energ>-.  That  it  is  not 
the  sole  source  was  demonstrated  hy  the  interesting  experiments 
of  Fick  and  WLslicenus.  These  plusiologists  ascended  the  Faul- 
hom  to  a  height  of  1956  metere.  Knowing  the  weight  of  his  body, 
each  viiuUi  estimate  how  much  work  was  done  in  ascending  such 
a  height.  Kick's  wei^lit.  for  example,  was  OG  kilograms;  therefore 
in  climbing  the  mountain  he  j:)erfonned  66X1950—129,096  kilo- 
grammeters  of  work.  In  atlditit>n,  the  work  of  the  heart  and  the 
respiratory  muscles,  which  could  not  be  determined  accurately, 
was  estimated  at  30.000  kilogmnuneters.  There  wafi,  moreover^ 
a  certain  amount  of  muscular  w^ork  jwrformed  in  the  move- 
ments of  the  anns  and  in  walking  upon  level  ground  that  was 
omitted  entirely  from  tlicir  calculations.  For  seventeen  hours 
before  the  ascent,  during  the  climb  of  eight  hours,  and  for  six 
hours  aftenvard  their  food  was  entirely  non-nitrogenous,  so  that 
the  urea  eliminated  came  entirely  from  the  protein  of  the  bodv. 
Xevertheless.  when  the  urine  wiis  ('(illected  and  the  urea  estimated, 
it  was  found  that  the  energj'  contained  in  the  prt)tein  destroyed, 
reckoned  as  heat  energy,  was  entirely  insufficient  to  account  for 
the  work  done.  Although  later  estimates  would  modify  somewhat 
the  actual  figures  of  their  calculation,  the  margin  was  so  great  that 
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the  experiment  has  been  accepted  as  showing  conclusively  that  the 
total  energA'  of  muscular  work  does  not  coine  necessarily  from  the 
oxitialion  of  protein.  Later  experiments  made  by  Voit  upon  a 
dog  working  in  a  tread-wheel  and  upon  a  man  performing  work 
while  in  the  respiratory  chanilx?r  j^ave  the  surprising  result  that 
not  only  may  the  energ>'  of  muscular  work  l>e  far  greater  than  the 
heal  energj'  of  the  protein  simultaneously  oxidized,  but  that  the 
performance  of  muscular  work  within  certain  limits  does  not 
affect  at  all  the  amoimt  of  protein  metabolized  in  the  body,  since 
the  output  of  urea  is  the  same  on  wf^rkiTi;^:  ilays  as  during  days  of 
rest.  Careful  experiments  by  an  Knglish  |)hysiolo^st.  Parkes.  made 
upon  soldiers,  while  resting  aad  after  |H*rforming  long  marches, 
showe^i  alsc»  that  there  is  no  distinct  in(MTasp  in  the  secretion  of  urea 
after  must'ular  exercb*.  It  followeil  from  these  latter  experiments 
that  Liebig's  theor>'  as  to  the  source  of  the  energj'  of  muscular 
work  is  incorrect,  and  that  the  incre<is<r  in  the  oxidations  in  the 
l>ody.  which  undoul)tedly  occursduringmus<'ularactivity.must  afTect 
only  the  non-protein  material — that  Ls.  the  fats  and  carlMiliydrates. 
Subsequently  the  question  was  reopened  by  experiments  made 
under  Pfliiger  by  Argutinsky.*  In  these  experiments  the  total 
nitrogen  excreted  was  determined  with  especial  care  in  the  sweat 
as  well  as  in  the  urine  and  ihi*  feces.  Tlie  muscular  work  done 
eoQsisted  in  long  walks  anil  mountain  elimbs.  Argutinsky  found 
that  work  caused  a  marketl  increase  in  the  elimination  of  nitrogen. 
the  increase  extending  over  a  period  of  three  days,  an*i  he  estimated 
that  the  additional  protein  meta)>oli7.ed  in  c<»nseciuence  of  the  work 
was  sufficient  to  account  for  most  of  the  ejierg>'  expendtnl  in  per- 
forming the  walks  and  climbs.  A  n\iml)er  of  objections  have  l>een 
made  to  Argutinsk>''3  work.  It  has  been  asserted  that  during  his 
experiment  he  kept  himself  upon  a  diet  deficient  in  non-protein 
material,  and  that  if  the  supply  of  this  material  had  been  sufficient 
there  would  not  have  l>een  an  increase  in  protein  metabolism. 
Tliese  experiments  were  repeated  in  various  forms  by  many  ob- 
servers {Z\mtz.  Speck,  rt  al.),  and  the  general  result  has  been 
the  abandonment  of  Ui{\\  the  former  views— the  Liebig  theory, 
that  the  energ>'  comes  r»nly  from  the  consumption  of  protein,  and 
the  Voit  theor>'.  that  it  comes  only  from  the  oxidation  of  non-pro- 
tein material.  It  has  been  found  that  in  muscular  work  carried  to 
the  ordinary*  extent  protein  material,  in  excess  of  that  destroyed  in 
conditions  of  rest,  may  or  may  not  Ix?  use*i  according  to  the  amount 
of  fats  and  carVx)hydrates  contained  in  the  diet.  If  these  latter 
elements  are  in  sufficient  quantity  they  furnish  the  energ\'  lequired, 
and  the  protein  metal»olism  is  not  increitsed  by  work.  If.  however, 
•Argutinsky.    'PflOgor's  Archiv  f.  die  gesammte  Physiologic."  46,  552. 
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the  non-proteins  are  not  sufficient  in  quantity  some  of  the  energy 
is  obtained  at  the  expense  of  the  protein  of  the  lx»dy,  and  there  is 
an  increase  in  the  nitrogen  excretion.  We  nuiv  l>elieve,  in  fact, 
that  the  eiierg^^  necessmy  for  n»u.sciilar  work  nmy  I'm?  obtainetl  fram 
any  of  the  heiit-yleltiin;;  food>tLiff — carl)ohydraies.  fat,  or  proteins. 
It  seems  probable  that  the  sugar  (glycogen)  of  the  muscle  is,  so  lo 
speak,  the  easiest  source;  but.  when  the  carbohydrates  are  deficient 
or  aKsent  altogether  in  the  <liet.  nuisculur  exercise  is  accompanied 
hv  an  inci-ease  in  the  consumption  of  [)roteins  or  fats  or  l>oth.  The 
Voit  tlioory  is  correct  to  the  extent  that  on  an  abundant  non-protein 
diet  much  muscular  work  may  be  done  without  any  increase  in  the 
con:?uniption  of  protein  tissue.  The  muscle  is  a  protein  machine 
for  the  accomplishment  of  work,  and  tlic  fuel  supplie<l  may  he  pro- 
tein or  non-pi-otein.  liut  in  the  acoomjOishment  of  motlerate  work 
there  is  apparently  no  greater  wear  and  tenr  of  tlie  machinery-,  no 
greater  tissue  waste,  than  under  i*esling  conditions.  If,  however, 
the  muscidar  work  is  excessive,  the  tissue  waste  may  l:>e  increased. 
Argutinsky  found  an  increased  nitrogen  elimination  lasting  two  or 
three  days  after  the  cessation  of  the  work.  It  is  probable  that  this 
result  indicates  a  greater  waste  of  the  protein  apparatus  itself,  and 
this  idea  is  bonie  out  by  the  fact  that  under  similar  conditions 
other  ol>.st?rvers  have  detect^l  an  increase  in  the  creatinin  jmd 
uric  arid  excretion,  nitrogenous  wastes  that  are  derived  from 
muscle.  The  effect  of  muscular  work  on  the  carl>on  excretion,  car- 
bon dioxid,  is.  of  course,  marked  antl  invarial^le.  Some  extra  ma- 
terial nuist  be  oxitlized  to  furnish  the  energ>%  and  sin<*e  this  material 
is  usually  sugar,  or  sugar  and  fat.  or  tlie  non-nitrogenous  j>ortion 
of  the  proteiii  of  the  diet,  the  effect,  .so  far  as  the  excretions  ai*e  con- 
cerned, will  be  most  manifest  in  the  amount  of  carlxin  dioxid 
given  off.  Fettenkofer  and  Voit  found  that  the  caHxin  dioxid 
eliiniiuited  by  a  man  during  a  day  of  work  was  nearly  double  thai 
exci'ete<l  during  a  day  of  rest.  .Montr  with  this  rise  in  the  cart>on 
dioxid  excretion  there  is  a  corresponding  increase  in  the  al)sorplion 
of  oxygen. 

Metabolism  during  Sleep.— It  has  l)een  shown  that  durinjr 
sleep  there  is  no  marke<l  diminution  of  the  nitrogen  excreted,  and 
therefore  no  distinct  decrease  in  the  protein  metabolism;  on  the 
contrary,  the  carbon  dioxid  eliminated  and  the  oxygen  absorlietl 
are  unquestionably  diminished.  This  latter  fact  finds  ite  j^implest 
explanation  in  the  supposition  that  the  muscles  are  less  active 
during  sleep.  The  muscles  do  less  work  in  the  way  of  contractions, 
and.  in  addition,  probably  suffer  a  diminution  in  tonicity,  which 
also  affects  their  total  metabolism. 

Effect  of  Variations  in  Temperature. — In  warm-blooded 
animals  variations  of  outside  temperature  within  orriinary  liraita 
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do  not  affect  the  hotly  temperaturf.  An  arcoiint  of  the  means  hv 
which  this  regulation  is  effected  will  Ue  found  in  the  chapter  upon 
Animal  Heat.  So  long  jls  the  f<*niperntureof  the  Ixtdy  remains  con- 
stant, it  hiis  l>cen  ftnind  that  a  fall  of  r»i)t.side  temperattife  may 
increa:!5e  the  oxidation  of  non-protein  matrrial  in  the  liody,  the  in- 
crease being  in  a  general  way  ])i'o]>orti()nal  To  the  fall  in  tempera- 
lure.  That  the  inrrcaricil  oxidation  affects  the  non-protein  con- 
stituent^ is  shown  by  the  fact  that  the  urea  remains  imchanged  in 
quantity,  other  conditions  lieing  the  same,  white  the  oxygen  con- 
sumption and  the  carbon  dietxid  eliniiiKition  are  increased.  This 
effect  of  temix'raturc  upon  the  body  metabolism  is  due  mainly  to  a 
reflex  stimulation  of  the  motor  nerves  to  the  muscles.  The  tem- 
perature nerves  of  the  skin  are  affected  by  a  fall  in  outf?ide  tempera- 
ture, and  bring  al»out  rcHexly  an  increased  innervation  of  the 
miLscles  of  the  body.  Indeed,  it  is  stated  *  that  urdess  the  lowering 
of  the  lenii)eratuiv  is  sufficient  to  cause  shivering  or  muscular 
tension  no  increase  in  the  excretion  of  CO^  results.  This  fact  suf- 
fices to  explain,  therefore,  the  physiological  value  of  shivering  and 
muscular  restlessness  when  the  outside  temperature  is  low.  The 
fact  that  variations  in  outside  temi>erature  affect  only  the  con- 
sumption of  noa-prolein  material  falls  in,  therefore,  with  the  concep- 
tion of  the  nature  of  tlie  metabolism  of  muscle  in  activity,  given 
alM>ve.  When  the  means  of  regulating  the  l>ody  temperature 
break  tlown  from  too  long  an  exposure  to  excessively  low  or  ex- 
cessively high  temperatures,  the  total  IkxIv  metabolism,  protein 
as  well  as  non-protein,  increases  with  a  rise  in  body  temperature 
and  decreases  with  a  fall  in  temperature.  In  fevers  arising  from 
pathological  causes  it  has  l>een  shown  that  there  is  an  increased 
excretion  of  nitiocen  as  well  as  of  carlx)n  dioxiil- 

Efifect  of  Starvation.— A  starving  animal  must  live  upon  the 
material  present  in  its  i>ody.  This  material  consists  of  the  fat 
stored  up.  the  circulating  and  tissue  protein,  and  the  glycogen. 
The  latter,  which  Is  present  in  comparatively  small  quantities,  is 
quickly  u.sed.  disappearing  more  or  less  rapidly  according  to  the 
extent  of  muscular  movements  made.  Thereafter  the  animal  lives 
on  its  own  protem  and  fat,  and  if  the  starvation  is  continued  to  a 
fatal  termination  the  body  becomes  correspondingly  emaciated. 
Examination  of  the  several  tissues  in  animals  star\'ed  to  death  has 
brought  out  some  interesting  facts.  Voit  took  two  cats  of  nearly 
equal  weight,  fed  them  equally  for  ten  days,  and  then  killed  one  to 
serve  as  a  standanJ  for  comparison  and  star\'ed  the  other  for  thirteen 
•days;  the  latter  animal  lost  IfHV  gms.  in  weight, and  the  losswaa 
divideti  as  follows  among  the  different  organs; 

♦  Joliunmon.  "Skiuulinavbches  Archiv  t  Physiologic,"  7,  123,  1W7. 
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SoppoBED  Weight       Acrt^AL  Loss        K\ 
or  Obganb  BsroRR         or  Oucans       or  1 

STARVA.TIUN.  1*1    GUS.  (PKH(  Lv  I  «>.! 

Bone 393.4  54.7  13.9 

Muscle 140S.4  429.4  30.5 

Liver  91.9  49.4  53.7 

Kidney 25.1  6.5  25.9 

Spleen   8.7  6.8  66.7 

Pancreos 6.5  1.1  17.0 

Testes 2^  1.0  40.0 

Lungs 15.8  2A  17.7 

Heart 11.5  0.3  2.6 

Intestines  118.0  20.9  18.0 

Brain  and  cord 40.7  1.3  3  J 

Skin  and  hair 432.8  89.3  20.6 

Fat 275.4  267.2  97.0 

Blood 13R.5  37.3  27.0 

Hemainder   136.0  50.0  36J8 

According  to  these  results,  the  greatest  absolute  loss  was  in  the 
muscles  (420  gnis.),  while  the  greatest  percentage  loss  was  in  the  f»l 
(97  per  cent.),  which  had  practically  disappeared  from  the  hody. 
It  is  very  significant  that  the  central  nervous  syst-em  and  the  heart, 
organs  which  we  may  suppose  were  in  continual  activity,  suffered 
practically  no  loss  of  weight:   they  had  lived  at  the  exj>ense  of  the 
other  tissues.     We  must  suppose  that  in  a  starving  animal  the  f&( 
and  the  protein  materials,  particularly  in  the  voluntary  miisflea^j 
pass  into  solution  in  the  blood,  and  are  then  used  to  nourish 
tissues  generally  and  to  supply  the  heat  necessary  to  maintain  tbei 
body  temperature.     Examination  of  the  excreta  in  star\'ing  ttai-| 
mats  has  shown  that  a  greater  quantity  of  pmtein  Is  destroyed  dui 
itig  the  first  day  or  two  than  in  the  subsequent  da\'s.     This  h 
is  expbiined  on  the  supposition  that  the  body  is  at  first  richly  suf 
plietl  with  ''cirrulatirig  protein"  derived  from  its  previous  f<)0«l.  tun 
that  after  this  is  metabolized  the  animal  lives  entirely,  so  far 
protein  ctmsiimption  is  concerned,   upon  its  ''tissue  protein."     If 
the  animal  remuiiis  tjuiet  during  starvation,  the  amount  of  nitn>g« 
excr-eted  daily  soon  reaches  a  nearly  constant  minimum,  showi 
that  a  practiraliy  constant   amount  of  protein  (together  with  fall 
is  consumed  daily  to  furnish   body  heat,  and  probably  Ut  Tt\ 
tissue  waste  in  the  active  organs,  such  as  the  heart.     Shortly  b^O! 
death  from  starvation  the  daily  amount  nf  protein  con-sumed  may  u 
crease,  as  shown  by  the  larger  amount  of  nitrogen  eliminated, 
fact  is  explained  by  assuming  that  the  body  fat  is  then  exhaust! 
and  the  animal'jt   metalx)lism   is   confined   to  the  tissue  protcii 
alone.    The  general  fact  that  the  loss  of  protein  is  great^l  dui 
the  first  one  or  two  days  of  starvation  has  l>een  confirmed  upon  met 
in  a  number  of  interesting  experiments  made  upon  profes^ioni 
fa^it^ra.     For  the  numerous  details  us  to  lass  of  weight,  variaiioi 
of  temperature,  etc.,  carefully  recorded  in  these  latter  experii 
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reference  must  \ye  made  to  original  sources.*  It  may  be  a<lded,  in 
conclusion,  that  the  fatter  the  body  is  to  begin  with,  the  longer  will 
8tar^•ation  he  endured,  and  if  water  is  consumed  freely  the  evil 
effects  of  starvation,  as  well  as  the  disagreeable  sensations  of  hun- 
ger, are  ver>*  much  reduced. 

The  Potential  Energy  of  Food. — The  food  material  during 
digestion  an<  I  after  ahsorpt inn  undergoes  numerous  chemical  changes 
in  the  body.  Some  of  these  changes  are  not  attended  by  the  libera- 
tion of  heat  to  any  marked  extent.  Such  is  the  case,  for  instance, 
with  llie  hydrolytic  clea\'ages  of  the  molecule  which  have  been 
described  especially  in  connection  with  the  digestive  processes. 
Similar  hydrolytic  cleavages  occur  doubtless  within  the  tissues, 
and  other  changes  connected  with  muscular,  nervous,  and  glandular 
activity,  and  the  building  up  and  breaking  down  of  the  living  sub- 
stance, take  place  constantly  us  a  ]jart  of  general  nutritional  metab- 
olism. On  the  other  hand,  many  of  the  chemical  processes  occur- 
ring in  the  lx>dy  arc  especially  valuable  on  account  of  the  heat 
liberated.  These  reactions,  for  the  most  part,  at  least,  are  oxida- 
tions; they  are  effected  under  the  influence  of  oxidizing  enzymes  or 
by  some  other  means  of  activating  the  oxygen.  The  various  stages 
in  the  process  are  not  explained,  but  we  know  that  oxygen  is  neces- 
sary' and  that  the  carlwjn  anil  the  hydrogen  eontainetl  in  the  sub- 
stances acted  upon  apjx'ar  eventually  in  the  form  of  oxitJation  prod- 
ucts— namely,  carbon  dioxitl  and  water — Liebig  designated  the 
fats  and  carbohyri rates  as  respirator^'  foods  on  the  hypothesis 
that  their  fate  in  t  he  liody  is  lo  be  oxidixed  and  furnish  heat.  While 
this  view  is,  in  the  main,  correct,  it  is  evident  now  that  a  portion  at 
least  of  the  protein  molecule,  after  the  splittin^ij  off  of  the  nitrogen, 
may  also  undergo  oxidation  and  furnbh  heat.  In  Liebig's  sense, 
therefore,  the  proteins  play  the  part  of  respiratory*  or  heat-producing 
foods  as  well  as  acting  as  tissue  formers.  On  the  other  hand,  fats 
and  carlxihydrate  material  may  enter  to  some  extent,  together  with 
the  protein,  into  the  synthesis  of  livijig  material,  and  thus  play  the 
rAle  of  a  plastic  or  tissue-forming  us  well  as  of  a  I'espiratorj'  food. 
We  cannot  diviiie  the  foodstuffs,  therefore,  strictly  into  two  such 
claflBeSr  but  we  may  perhaps  con.sider  the  chemical  processes  in 
the  body  under  the  two  heatis  mentioned  above — namely,  the  oxi- 
dation or  heat-pnxiucing  chiuigcs  and  tliase  due  to  hydrolytic 
cleavages,  synthesis,  etc.,  which  are  attendeil  by  a  small  lil)eration 
of  heal  energy*,  or,  indeed,  may  cause  a  loss  of  heat  (synthesis). 
The  great  supply  of  heat  energy  needed  by  the  body  to  maintain  its 
ti5mperature  comes  from  the  oxidation  processes.  This  classifica- 
tion is  employed  by  some  physiologists,  and  is  helpful  in  empha- 
sizing the  fact  that  many  chemical  changes  occur  in  the  body  that 

•"  Virchow's  Archiv,"  vol.  Kil,  AUpplcmoni.  L893;aaU  Luciani,  "Dos  tlun- 
Sem."  1890.  Sec  also  Weber. "  Ergubm!«ae  der  Pby^ologie."  vol.  i,  part  i,  IWJUL 
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are  of  no  importance  fn)in  the  stanjlfmint  of  he^t  pitxhiciion, 
that  the  changes  that  tio  give  ri.se  mainly  to  heat  form,  as  it  were, 
a  special  group,  which  is  not  conneeteil  with  the  building  up  or 
breaking  down  of  tlie  living  matter,  but  furnishes  the  energy  by 
means  of  which  these  latter  changes  and  perha{)s  other  functions, 
such  as  muscular  work,  are  made  jxissible.  Roughly  sixyiking,  an 
adult  man  fi»rms  in  his  body  and  gives  off  to  the  surrounding  air 
about  2,400/JOf)  calories  of  heat  per  day.  By  calorie  or  small 
calorie  (c)  is  meant  the  quantity  of  heat  necessary  to  raise  1 
gm.  of  water  1°  in  temperature.  This  gn^at  supply  of  heat  is  derivetl 
from  the  physiologieal  oxidation  of  the  carbohydrate,  fat,  and 
protein  miit^^rial  of  the  food.  These  same  materials  may  he  oxi- 
dized outside  the  body  by  burning  them  at  a  high  temperature  or 
under  a  high  pressure  of  oxygen,  and  the  heat  that  they  give  oflF  in 
the  process  can  be  measuretl  directly.  So  far  :ts  the  fats  and  carbo- 
hydrates are  concerned,  the  end-producis  of  the  oxidation  in  ihc 
body  are  the  sa:ne  as  in  their  coml)U8tion  out  of  the  body,  and  we 
may  believe,  therefore,  that  the  amount  of  heat  produced  is  the 
same  in  both  cases.  Consequently  the  heat  value  of  a  gram  of  fat 
or  carbohydrate  bunit  outside  the  l>ody  is  spoken  of  as  its  combus- 
tion equivalent,  an<l  it  measures  the  amount  of  potential  energ\' 
of  these  foodstuffs  with  regard  to  their  capacity  for  the  production 
of  heat  or  of  muscular  work  in  the  botly.  With  regard  to  the  pro- 
tein, the  case  is  somewhat  different.  Its  end-pro<lucts  in  the  bo<!y 
are  carbon  dioxid,  water,  and  urea  or  some  other  of  the  nitrogenous 
waste  pnwluets.  These  nitrogenous  wastes  are  capable  of  further 
Oxidation  with  liljeration  of  heat,  so  that,  as  far  as  they  are  elimi- 
nated, the  body  loses  a  possible  supply  of  heat  energ\',  which  must 
be  subtracted  fnim  the  total  heat  energy  that  tlie  protein  gives  upon 
oxidation  outside  the  body,  in  order  to  determine  the  available  heat 
energy  yieliled  within  the  body.  The  figures  obtainetl  for  the  heat 
equivalents  of  the  foodstuffs  by  burning  them  outside  the  l>wly  in 
some  form  of  calorimeter  are  as  follows:  1  gm.  of  fat  yields  an  aver- 
age of  9'M)  calories,  or  9.3  large  calories  (C),  1  gm.  of  carl>ohy< irate 
yields  an  average  of  4l!K)  calories  (4.1  C).  These  figiires  may  be 
taken,  therefore,  to  express  the  quantity  of  heat  given  to  the  Ixxiy 
by  the  oxidation  within  its  tissues  of  these  elements  of  our  foo<l. 
A  gram  of  protein  when  burnt  outside  of  the  botly  yields  on  the  avei^ 
age  5778  calories.  The  heat  value  of  the  ui*ea  is  estiuiated  as  I 
gm.  ^~  2523  calories.  If  we  sissume  that  idl  the  nitrogen  of  the  pro- 
t^'in  appears  as  urea  and  that  1  gm.  of  protein  yields  |  gm.  of  urear 
then  the  available  heat  energj^  of  a  gram  of  protein  should  be  equal 
to  5778  —  841  (or  J  of  252.'^)  =  4937calories.  I^ter  workers,  however, 
have  given  reasons  for  believing  that  this  last  figure  is  too  high. 
All  of  the  nitn)gen  is  not  eliminated  as  urea,  and,  moreover,  all  of 
the  nitrogenous  waste  is  not  excrete<l  in  the  urine;  a  distinct  pro- 
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^srtion  i.-^  piven  ofT  in  the  feces.  Hiibner  lius  riilciilnteH  the  avail- 
al)le  heat  enerp>'  of  proteins  by  ilirei-i  rxperinicnis  upon  animiils. 
In  these  experinjents  the  heat  value  of  the  pmtein  fe<l  was  direcily 
determined  by  burning  a  sample  in  a  calorimeter.  Then  after  feed- 
ing u  known  amount  of  the  protein  the  urine  and  feres  were  col- 
leetetl  imd  their  heat  vnlue  wns  fieterniined  in  the  same  way.  The 
difference  tjetwcx"!!  the  total  heat  value  of  the  protein  fed  and  the 
heat  value  lost  in  its  excreted  products  in  the  ferea  and  urine  pave 
the  actual  heat  enerp^'  obtained  from  the  pi-otein  by  the  animal 
body.  Results  obtained  by  this  method  ^ve  on  average  value 
for  I  gra.  pit>tein  of  4I(K)  calories  (1.1  C),  or.  since  protein  contains 
an  avenipe  of  IG  per  cen(  of  nitrogen,  we  may  say  that  J  pm.  of  ni- 
trogen ingetiled  as  protein  has  a  lieat  vahie  of  4.1  .-:  6.25  —  2t5.6C. 
The  figures  that  are  used,  therefoiii,  in  estimating  the  heat  vahic 
of  our  foodstuffs  are: 

1  gm.  proreiil  —  41(10  f'alnrios  (4.1  C), 

1  gm.  ruHjohytlrate  «  4100  Liilories  (4.1  <.'.), 
1  gm.  fat  -  93a5  calorics  (9.3  C). 

Making  use  of  thefie  values,  it  is  obvious  that  we  can  calculate  the 
total  heat  value  of  any  given  diet.  If  we  analyze  the  food  for  lis 
composition  in  the  three  principal  footlstuffs  we  may  determine  how 
many  calories  will  be  furnished  in  the  body.  In  many  of  the  tables 
published  to  show  the  ccnn2H)sition  of  the  different  fofKls  figures  are 
given  liiat)  to  exj)ress  their  heat  value  or  potential  energ>',  on  the 
belief  that,  for  the  most  part,  our  food  is  used  a.s  fuel  to  supply 
energ,v  to  the  Inxly.  These  values  for  some  of  our  ortlinar>'  foods 
are  as  follows:* 

PHOTWD.  Fat.     *^*?!'?!^'  A«h.       inCalobiw 

Beefsteak,  port  erhoiM© 19.1  17.0  ....  O.R  1110 

Beefsteak,  roiin.l  (lean). 20.2  2.4  ....  1.2  475 

Cornell  t»eef  (canned) 2<1.3  18.7  ....  40  1280 

Veal,  leg  (leaii) 19.4  3.7        1.1  520 

Veal  liver 19.0  5.3  ., . .  1.3  575 

Mutton,  leg  (lean) lfi.5  10.3       0.9  740 

Pork,  ham  (fresh,  lean) 24  R  14.2  ...  1.3  1060 

Pork  rhoiw.  me«tiiMn  fat 13  4  24.2  ....  0.8  1270 

Hiicken  (fowl) 13.7  12.3  ....  t».7  775 

Shall 0.4  4.8        0.7  3S0 

Sha<lroe 20.0  3.8  2.6  1.5  600 

E^ 11.7  10.7  ....  0.7  080 

SliBc. 3  3  4.0  5.0  117  325 

Ofttmeai !« 1  7.2  «7.S  I.O  18«iO 

Ripe. SO  0.3  79.0  0.4  1^30 

Wheat  flotir  (entiiB  wheat) 13.8  1.9  71.9  l.o  Ui75 

fireen  peas 7.0  iK5  16.9  1,0  465 

Potatoes  (raw) 2.2  0.1  18.4  1.0  386 

Spinach 2.1  0.3  3.2  2.1  110 

Tomaioei 0.0  0.4  3.9  0.5  ia5 

Apples..,., 0.4  0.5  14.2  0.3  290 

Bananas 13  O.fi  22.0  0.8  460 

•Selected  from    ,\lwater   ami    Bryant,    Bulletin  28    (revi»e<l  edition), 
United  States  DefMirtiuent  of  Agriculture,  1899. 
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It  must  be  borne  In  mind,  however,  that  the  entire  nutrition&l  v&lue 
of  a  food  is  not  expressed  in  ite  heat  value — some  of  our  food  mate- 
rial—the green  foods  and  fruits,  for  example — are  useful  and  in  a 
measure  essential  because  of  their  salts  and  organic  acids.  In  a 
general  way,  however,  the  heat  energ>'  of  a  food  expresses  its  value 
as  a  means  for  maintaining  the  botiy  in  a  normal  condition. 

Dietetics. — The  subject  of  the  proper  nourishment  of  individ- 
uals or  collection  of  individuals  in  health  and  in  sickness  is  treated 
usually  in  works  upon  hygiene  or  *lietetic&.  The  practical  detalk 
of  the  preparation  and  composition  of  diets  must  be  obtained  from 
such  sources.*  The  general  principles  ujx)n  which  practical  diet- 
ing tiepenils  have  been  obtained,  however,  from  experimental  work 
upon  the  nutrition  of  man  and  the  lower  animals,  some  account  of 
which  has  been  given  in  the  foregoing  pages.  In  a  healthy  adult  tho 
m£un  objects  of  a  diet  are  to  furnish  sufficient  nitrogenous  and  non- 
nitrogenous  foodstufFs.  salts,  and  water  to  maintain  the  body  in  im 
equilibrium  of  material  and  of  energy' — thai  is.  the  diet  must  funiisb 
the  material  for  the  regeneration  of  tissue  and  the  material  for  t 
heal  produced  and  the  muscular  work  done.  Nutritional  experi 
ments  prove  that  this  object  may  be  accomplished  by  protein  f 
alone,  together  with  salts  and  water.  It  is  doubtful,  howevef,' 
whether,  in  the  case  of  man,  such  u  diet  couUi  be  continued  for  king 
periods  without  causing  some  nutritional  disturbance,  directly  or 
indirectly.  It  will  be  remembered  that  a  pure  meat  <liet  is  ni 
entirel}'  protein,  since  all  Hesh  contains  some  fats  and  carljohydrat 
(glycogen).  The  functions  of  a  diet  are  accomplished  more  easil; 
and  more  economically  when  it  is  composed  of  proteia^  and  fats 
proteins  and  carbohydrates,  or,  as  is  almost  universally  the  case, 
proteins,  fats,  and  carl:>ohydrates.  Tlie  experience  of  man 
shows  that  such  a  mixed  diet  is  most  beneficial  to  the  body 
most  satisfying  to  that  viiluable  regulating  mechanLsm  of  nutrition, 
the  appetite.  The  proportions  in  which  the  proteins,  fats 
carbohydrates  are  mixed  in  a  diet  vary  greatly  among  diffi 
nations  and  individuals.  So  far  as  the  fats  and  carbohydrates  art 
concerned,  their  use  is  mainly  that  of  fuel  to  supply  eneiTg>%  and 
from  this  standpoint  we  ought  to  lie  able  to  exchange  them  in  the 
diet  in  the  ratio  of  their  heat  values. 

This  ratio,  or  as  it  is  frequently  called,  the  isodynajnic  equivi 
lent,  is  as  9.3  to  4.1  or  2.3  to  1,  and  within  the  Vuniis  permitte<l  h; 
the  appetite  we  shoidd  be  able  to  Bukstitute  1  part  of  fat  for  2 
parts  of  sugar  or  starch.     Experiments  upon  animals  as  well  m 
the  experience  of  mankind  show  that  this  substitution  can  be  made^ 

*  For  practical  directionit  see  Gautter,  "  LVIimenlalion  et  \va  rfgimM^" 
1004;  Blytu,  "Foods;  their  Cotnpoeition  and  Analysis." 
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although  it  I**  not  ni-l\isalile  to  eliminate  either  of  these  foodstuffs 
entirely  from  the  diet.  The  fact  that  within  tertoin  limits  futs 
and  cartx)hydrates  may  l^e  sulwtituted  for  each  other  is  illustrated 
in  a  general  way  by  the  different  diets  recommended  by  various 
physiologists,  as  follows: 


I 


^.            AVERAGE  DIETS  ASD  THKIH  HE.VT  VALUES. 

^P                             )IOLEH('HOTT. 

Raxke. 

VOIT.                i 

Calokica. 

C  A  LOR  I  ca. 

Caloriba. 

FroMin 130  gma .    . .    fi'l^l.OOO 

F»to 40     "     ...    372,000 

CwbohydratM.&SO     **     ...2.275.000 

100  gma,   ...     410.000 
100     ••       ...    030,000 
240     "       ...    984.000 

118  gnu.   . 

aoo  " 

..    483.000 

..  Aao.iMn 

..2.050.000 

2.980,000 

2,324.000 

3.0A3.800 

FonSTBR.                               .\TWATBn. 

Caloribs. 

CALOKtEfl. 

Proteid 131  ipiui.  . 

¥bU 68     *• 

C«botiydrfti«s.404     " 

. .    567,100        12&  tcmH.   . 
..     632.400         125     *■ 
.1.825.400        400     " 

..    512.500 
.1.172.500 

..1.640.000 

:j.024,yoo 

3.325.000 

a 


The  average  heat  value  of  these  diets  is  equal  to  2,741  ,o4l)  ealo- 
ries.  In  round  numl>ers  it  is  usually  estimated  that  the  diet  should 
furnish  daily  2,4<X>,000  calories  for  an  individual  weighing  6t)  kgms., 
or  aI>out  40,0tMi  calories  per  kgm,  of  hody-weight.  It  will  he  noticed 
that  in  all  cases  the  greatest  portion  of  this  energy  is  obtained  from 
the  carbohydrate  food,  which,  on  account  of  its  economy,  it*s  ahun- 
dance^  and  ita  ease  of  digestion  and  oxidation  in  the  hotly,  consti- 
tutes the  bulk  of  our  diet.  In  cases  of  excessive  muscular  work 
the  food  eaten  may  supply  more  than  twice  the  average  heat  value 
given  alx>ve.  Thus,  Atwater  and  Sherman*  estimate  that  in  a  six- 
day  bicycle  race  by  professionals  the  heat  value  of  the  food  for  the 
different  participants  varied  from  4,770,(KX)  to  6,01)5,(M)0  calories. 
Chittenden,  in  the  work  pre>'iously  referred  to,t  has  raiseti  the 
question  whether  the  heat  value  of  the  tliet  ordinarily  employed 
is  unnecessarily  high.  In  his  own  case  he  found  that  the  lx)dy 
couhi  l)e  well  nourished  on  a  diet  containing  a  total  heat  value  of 
only  1,600/KK)  calories  or  2S.0(JO  calories  per  kgm.  of  body -weight 
instead  of  40.iKKI  calories.  The  diet  in  this  case,  it  will  Ije  remem- 
bered, conlaineti  only  3C  to  40  gms.  of  protein  in  place  of  the  100  to 
130  gms.  rerommende<l  in  the  diets  nienlioneii  alx>ve.  The  ques- 
tion thus  raised  is  one  that  must  l>e  decitletl  by  actual  experience. 
Mankind  is  guided  and  has  been  guided  in  all  times  by  the  control 
of  the  appetite,  using  this  term  in  a  general  sense  to  designate  the 
conscious  desire  for  food,  and  also  the  desire,  more  or  less  clearly 


♦  Bulletin  9S,  Unitftl  Statea  Department  of  ARricuIture.  1901. 
t  Chittenden,  **  Phvaiolopcal  Economy  in  Nutrition,"  1905. 
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recopiizetl,  for  special  kinds  of  food.     If  scientific   experiments 

intiicate  that  this  regulatory  apparatiui  leads  us  to  ingest  more  food 
than  is  aL-tually  required  for  the  machinerv'  of  the  IxkIv.  it  remaias 
for  observation  and  exj>erinient  to  determine  whether  this  excess 
is  beneficial  or  useiess  or,  perhaps,  even  harmful. 

Munk  gives  an  interesting  table  showing  how  much  of  oertaifl 
familiar  articles  of  Unx\  wouM  \)e  necessan*.  if  taken  alone,  to  supply 
the  ref[uisite  daily  amount  of  protein  or  non-pi"otein  maleri:d.  \\i$ 
estimates  are  based  upon  the  percentage  composition  of  the  foods 
and  upon  experimerilal  data  showing  the  extent  of  absorption  of  the 
foodstuffs  in  each  food.  In  this  table  he  supposes  that  the  daily 
diet  should  rtmtaiu  1 10  gms.  of  protein  ■—  17.5  gnis,  of  N.  and  noo- 
proteins  sufiicieuL  to  contain  270  gms.  of  C; 

For  110  G«».  PnoTEiN       _      -__  /,      ,  - 
(17.5  Cm.  NJ.  P*>«  270  Qu^Ui 

Milk 2900  gms.  3800  gm& 

Meat  (lean)..., 540     "  2000     " 

Hen's  cRgs 18  eggs.  37  eggx 

Wheat  Hour 800  gms,  670  pin-i. 

Wheat  bread IftSO     '*  1000 

Kve  hread 1900     "  lUX) 

Kice 1870     '*  750     " 

Com 990     "  060     " 

Peas 520     "  7.VJ     " 

Potatoes ^ 4500     "  2550     •" 

As  Munk  points  out,  this  tahle  sliows  that  any  single  food,  if  take 
in  quantities  sufficient  to  supply  the  nitrogen,  would  give  too  much 
or  too  little  carlfon  and  the  reverse;   those  animal  foo<Is  which,  in 
certain  amounts,  supply  the  nitrogen  needed  furnish  only  from  oi« 
fourth  to  two-thirds  of  the  necessar>'  amount  of  earbon.    To  livi 
for  a  stated  period  ujMjn  a  single  article  of  food— a  diet  somel 
recommendetl  to  reduce  ol>esity — means,  then,  an  insufficient  (piai 
tity  of  either  nitrogen  or  earhon  and  n  consequent  loss  of  bodj 
weight.     Such  a  method  of  dieting  aniount.s  practically  to  a  parti 
6t^ir\^ation.     Jn  practical  dieting  we  are  accustomed   to  get  oi 
supply  of  proteins,  fats,  and  carbohydrates  from  both  vegetabi 
and   animal   foods.     To  illustrate  ihLs  fact   by  an  actual  case. 
whirl)  I  lie  food  wa.«  carefully  analyzed,  an  exf)erimenter  weighii 
67  kgtns.  records  that  he  kept  himself  in  nitrogen  eqinlibrium  up 
a  diet  in  whicli  the  protein  was  distributed  as  follows: 


300     giiui.  meat 
iHMv^c.e.  milk 
100    gms.  rice 
100        "     bread 
500     c.c.  wine 


G3.0S  giiw.  protein 

^ 

9.78    gms.  X. 

18.74     " 

£^ 

2.<K)5     ••      ** 

7.74     "           '• 

= 

1.2 

11.32     " 

= 

1.755 

1.17     '*          " 

^ 

(►.182  gm.     " 

102.05 


=      15.86«  gnis 
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For  a  person  in  health  and  leading  an  active,  normal  life,  appetite 
and  expenence  seem  to  be  safe  and  sufficient  guides  by  which  to 
control  the  diet;  but  in  conditions  of  diseaae,  in  regulating  the  diet 
of  children  and  of  collections  of  individuals,  scientific  dieting,  if  one 
may  use  the  phrase,  has  accomplished  much,  and  will  be  of  greater 
service  as  our  knowledge  of  the  physiology  of  nutrition  increases. 


CHAPTER  LI. 

THE  PRODUCTION  OF  HEAT  IN  THE  BODY— ITS  HEAS- 
UREBIENT  AND  REGULATION— BODY  TEMPERA- 
TURE—CALORIMETRY— PHYSIOLOGICAL 
OXIDATIONS. 

It  is  cu8toinar>'  lo  date  our  modem  ideas  of  the  origin 
animal  heat  from  the  time  of  Lavoisier  (1774-77).  To  the  older 
physiologists  it  was  a  most  difTicult  problem.  The  aninml's  body 
produces  lieat  continually  and  maintains  a  temperature  higher,  as 
a  rule,  than  that  of  the  surrounding  air.  Since  oxygen  and  llie 
nature  of  ordinary  combustions  were  unknown,  they  naturally 
explained  Lhi.^  ht^ut  formation  by  reference  to  causes  which  the 
science  of  the  day  had  shown  to  be  cajiaMe  of  producing  wanulli, 
such  as  friction  and  fermentation.  Haller  (1757),  for  instance, 
taught  that  the  hoily  heat  arises  mairdy  from  the  friction  of  the 
circulating  IjIochI  an* I  the  movements  of  t!ie  heart  and  blood-ve&seb, 
and  this  view  found  uurrency  in  text-lwoks  well  into  the  nine- 
teenth century.  I^voisier  first  gave  to  the  physiologist  the  con- 
ception that  the  heat  produced  in  the  body  is  due  to  a  combustion  or 
oxidittioUf  and  that  (heu'iii  lies  the  significance  of  our  respiration 
of  oxygen.  He  lielieve<l  himself  that  this  oxidation  takes  place  in 
the  lungs, —  tliat  is,  the  i>lood  brings  to  the  lungs  a  hydrocarbon- 
ous  nmteria!  which  is  attacked  by  the  oxygen  and  burnt  with 
the  formation  of  water  and  carbon  dioxid  and  the  liberation  of 
heat.  I-ater  experimenters  demonstrated  that  llie  tieat  production 
does  not  occur  in  the  lungs,  at  least  not  exclusively,  but  over  the 
whole  of  the  body.  After  a  long  and  interesting  controversy  it  w«J 
also  shown  satisfactorily  that  the  oxidations  of  the  body  do  not 
occur  in  the  blood,  but  in  the  tissues  themselves.  The  oxygen  id 
transported  to  the  cells  and  there  does  its  work  of  effecting  oxi- 
dations and  giving  rise  to  heat.  This  heat  is  equalized  more  or 
less  over  the  whole  body,  chiefly  by  the  circulation  of  the  blood, 
which  absorbs  heat  from  the  warmer  organs  and  distributee  it  toi 
the  cooler  ones.  The  ImhIv  teni|>erature  is  maintaine<l  at  a  nearly 
constant  level  by  an  intricate  adjustment  of  physiological  reflexes 
which  together  constitute  the  heat-regulating  mechanism.  Such 
in  brief  is  tiie  general  theor>'  of  our  time  regarding  heat  production 
in  the  body.    Many  of  the  problems  that  interested  the  older  phvs- 
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iologists  have  been  solved  satisfactorily,  but  there  remain,  of  course, 
many  more  to  interest  this  and  succeeding  generations.  Investi- 
gations in  this  field  at  present  are  <lirecte<l  mainly  to  an  effort  to 
umlerstand  the  details  of  the  heat-n-gulating  apparatus,  on  the  one 
hand,  and,  on  the  other,  to  comprehend  more  sat ii- fact orily  the 
nature  of  the  process  of  oxidation.  This  latter  problem  is  one  of 
common  interest  at  present  in  chemistry  and  in  physiology. 

The  Body  Temperature. — We  divide  animals  into  the  two 
great  classes  of  warm  blooded  and  cold  blooded,  acconling  as  their 
temperature  is  or  is  not  alwve  that  of  the  surrounding  air.  In 
this  sense,  birds  and  mammals  are  warm  bloo<led  and  reptiles, 
amphibia,  and  fishes  are  cold  hlooded.  The  names,  however,  are 
badly  chosen.  The  difference  of  deepest  significance  }>etween  the 
mammals  and  birds,  on  the  one  hand,  ami  the  fishes,  amphibia,  and 
reptiles,  on  the  other,  is  tliat  in  the  former  the  liody  temperatxire 
is,  within  wide  limits.  indeix;ndent  of  the  outside  temperature;  it 
remains  practically  constant  during  winter  and  summer,  whether 
the  surrminding  air  is  hotter  or  cooler  than  the  body.  They  are, 
therefore,  constant-teni|»erature  animals  (homoiothermous).  The 
reptiles,  amphibia,  and  fishes,  on  the  contrary*,  have  a  body  tem- 
perature that  changes  with  the  environment.  On  winter  days 
their  temi>erature  is  low.  approximately  that  of  the  s\irrotmding 
air  or  water,  and  in  summer  their  IhmIv  temperature  rises  to  cor- 
respond with  that  of  the  outsi<le.  Strictly  Rix»aking,  they  are  cold 
blooded  only  in  cohl  surroundings.  This  group  may  l>e  designated 
as  the  cJiangeable-lemperature  animals  (ix>ikilothermous).  The 
warm-bloo<le<l  animals  maintain  a  constant  high  body  temj^erature 
on  account  of  their  rrlatively  active  oxid;itions  and  the  exist<?nce 
of  u  heut-reg\ilating  mechanism.  In  the  cold-blootled  animals  the 
oxidations  are  not  so  intense  and  a  heat-regulating  mechanism  is 
absent  or  poorly  developed.  The  hibeniatim:  aninuils  form  a  group 
intermediate  in  many  ways  between  ihc-se  two  tdasses.  They  possess 
a  heat-regidating  apparatus  tliat  maintains  a  constant  lx)dy  tem- 
perature under  most  comlitinns.  but  breaks  down  in  verj^  cold 
•weather;  so  that  during  the  jx'riod  of  -winter  sleep  their  tem- 
perature is  but  little  above  that  of  the  surroun<ling  air.  In 
some  of  the  cold-blooded  animals  the  prrwhiction  of  heat  is  more 
rapid  during  warm  weather  than  its  loss;  so  that  they  exhibit 
a  body  temperature  slightly  higher  than  the  surroimding  me- 
dium, A  hive  of  bees  in  activity  may  raise  the  temperature 
within  the  hive  through  a  number  of  degrees  and  snakes  and 
many  reptiles  show  a  temix»rature  of  2**  to  8°  C.  above  that  of 
the  air.  So  also  some  reptiles  possess  a  rudimentary*  means  of 
protecting  their  bodies  from  too  great  a  rise  of  temi>erature, — 
for  instance,  by  accelerated  breathing  whereby  more  water  is  evap- 
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orated  from  the  lungs  and  thus  more  heat  is  lost.*  The  distinc- 
tion between  the  two  great  groups  of  animals  is  not  entirely  abso- 
lute, but  it  is  suficiently  marked  to  constitute  a  striking  physio- 
logical rharacteristic. 

The  temperature  of  the  human  body  is  measured  usually  by 
therm<inieters  placed  in  the  mouth,  hi  the  axilla,  or  in  the  rectum. 
Measurements  made  in  this  waj'  show  that  in  general  the  tempera- 
ture in  the  interior  of  the  body  (rectal)  is  slightly  higher  than  on  the 
surfatre  of  the  skin.  The  average  temperature  in  the  rectum  i*  37.2^ 
C.  (98.96°  V,);  in  the  axilla,  36.9=*  C.  (98.45°  F.);  in  the  mouth, 
36.87°  C.  (98.36°  V,).  We  may  speak  of  the  body  temperature. 
therefore,  in  the  places  in  which  it  can  be  conveniently  measure^l,  lut 
var>'ing  l^etween  36.87°  C.  and  37.2°  C.  Some  of  the  internal  or- 
gans have  a  higher  temi>erature,  particularly  during  their  periml  oi 
greatest  activity.  The  teni|)erature  of  man,  measured  in  the  places 
mentioned,  shows  also  a  distinct  variation  during  the  day,  a  diurnal 
rhythm.  This  daily  variation  has  been  measureil  by  many  ul»- 
8er\'ers,  and  shows  individual  peculiarities  that  dei>end  lai^ely  upon 
the  manner  of  living,  time  of  meals,  etc.  In  general  it  may  be  ^id 
that  the  lowest  temperature  is  shown  early  in  the  morning. — 6  lo 
7  A.M.;  that  it  rises  slowly  during  the  day  to  reach  its  maximum 
in  the  evening,  5  to  7  p.m.  ;  and  falls  again  diunng  the  night.  'Ilie 
difference  between  early  morning  and  late  aftem(x»n  or  evening 
may  amount  to  a  degree  or  more  centigrade,  and  this  fact  must  lie 
borne  in  mind  by  physicians  when  obeer^'ing  the  temperature  of 
patients.  Muscular  activity  and  food  appear  to  be  the  factors  that 
are  mainly  responsible  for  the  rise  in  temi)erature  tluring  the  ilay. 
Most  ol>ser\ers  state  that  when  the  habitus  of  life  are  revereetl  fiir 
some  time — that  is^  when  work  is  performed  and  meab*  are  eatca 
during  the  night,  and  the  day  is  given  up  to  sleep  and  rest — the  daily 
variation  of  temi)erature  is  inverteti  to  correspond, — that  is.  (he 
highest  teinpeniture  is  obvserved  in  the  early  morning  and  the  kiwest 
in  the  late  afternoon.  Age  also  has  a  slight  influence.  Newly  l>om 
infants  and  young  children  have  a  soniewhat  higher  temperature 
than  adulta.  I'he  difference  may  amount  to  half  a  degree  or 
a  degi*ee  centigrade. — 37.6°  C.  in  infants  as  compared  with 
36.6°  C.  or.37.1°C.  in  the  adult.  It  is  known, also,  that  the  heai- 
regulatiug  mechanism  in  infanta  and  young  children  is  not  so 
efficient  as  in  atlults,  and  that  therefore  febrile  disturbances  are  more 
easily  excited  in  the  former  than  in  the  latter.  In  the  matter  of  body 
temjjerature,  as  in  so  many  other  characteristics,  age<l  people  show 
a  tendency  to  revert  to  infantile  conditions.  Their  temj>eratun», 
according  to  most  ob8er\'ers,  is  slightly  higher  than  in  middle  life. 

*See  Langtoia,  "Journal  de  physiologie  et  de  pathol  g^n^nle/'  1901; 
349. 
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Among  physiolopjiral  carnlitioris  thai,  iiifiuence  the  body  tempera- 
ture, muscular  work  and  meals,  us  stated  above,  have  the  most  posi- 
tive effect.  Marked  muscular  activity  implies  a  great  increase  m 
the  production  of  heat  in  the  body  and  most  observers  find  that 
the  initial  result  at  least  is  a  small  ri^ie  in  boily  teinjieruiure, — a  fact 
which  indicates  tiiat  the  heat  regulation  is  not  perfect;  the  excess 
of  heat  produced  is  not  dissipated  promptly.  In  the  ix-'riod  of  rest 
following  upon  work,  on  the  contrar>',  the  Iwdy  temfjerature  may 
fall,  owing  probably  to  the  fact  that  more  heal  is  lost  tlmnigh  the 
flusheii  skin  than  is  produced  within  the  body.  In  this  matter  of 
the  effect  of  muscular  work  individual  variations  are  to  be  expectetl, 
since  the  perfection  of  the  heat-regulating  mechanisms  may  vary 
somewhat  in  tlifferent  jiersons.  Meals  also  cause  a  slight  rise  in 
lx)dy  temj>erature.  which  reaches  it,s  maximum  alxnit  an  hour  and 
a  half  after  the  ingestion  of  the  food.  The  explanation  iji  this  case 
alw)  is  to  be  found  tloubtlcss  in  a  greater  production  of  heat,  due  to 
the  increa-sed  metabolism  in  the  secreting  glands,  the  liver,  and  the 
musculature  of  the  gastnj-intestinal  canal.  The  excessive  production 
of  hei4t  is  not  coni|>ensated  completely  by  a  corresiK)ndinK  increase  in 
the  heat  dissipated.*  It  'is  suHiciently  olnious,  perhaps,  from  these 
facts  that  the  temperature  as  measure*!  by  the  thermometer  is  a 
balance  Ijelween  the  amount  of  heat  produced  and  the  amount  of 
heat  lost  or  dissipatc<t.  The  thermometer  alone  gives  us  no  cer- 
tain indication  of  tlie  ijuanity  of  heat  produced  in  the  l>ody,  A 
temperature  higher  tlian  norniab  fever  temperature,  may  l^e  due 
either  to  an  excessive  proiluction  of  heat  or  to  a  deficient  dissipa- 
tion. To  understand  an«l  control  the  processes  by  which  the  body 
temperature  is  kept  normal  it  is  necessary  to  discover  a  means  for 
ascertaining  at  any  time  the  actual  quantities  of  lu*at  pniducetl 
and  dissipated,  and  the  effect  upon  each  factor  of  different  normal 
and  pathological  conditions.  The  method  used  for  determining 
the  (quantity  of  heat  is  ilesi^uted  as  calorimetn*.  It  is  necessiin", 
therefore,  to  tlescribe  the  principle  and  construction  of  calorimeters 
and  the  methods  of  calorimetr>'  before  attempting  to  explain  the 
me*-han'ism  of  heat  regidation. 

Calorimetry. — A  calorimeter  is  an  instrument  for  measuring 
the  (iuantity  of  heat  given  off  from  a  l)ody.  The  unit  employetl  in 
these  determinations  Ls  the  calorie, — that  is.  the  amount  of  heat 
neceeaary  to  raise  1  gm.  of  water  1°  C.,or  more  accurately  the  amount 
of  heat  required  to  raise  1  gm.  of  water  from  15°  to  16°  C.  This 
unit  is  sometimes  designated  as  a  small  calorie  to  distinguish  it 
fnmi  the  large  calorie  (C), — that  is,  the  quantity  of  heat  necessarj' 
to  raise  1  kgm.  of  water  1°  C.     The  large  calorie  is  equal  to  1000 

*  For  further  detaiU  sw  Hirliet,  "  La  rimleur  aniiiiaJe,"  1889;  and  Pem- 
brey,  "Aiuiiml  Heat,"  Schaefer's  'Text-book  of  PIiysiok>gy, "  vol.  i,  1898. 
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sniiill  caloricfi.  In  physiology  calorimeters  have  been  used  for  two 
main  piir^ioses:  to  determine  the  heat  equivalent  of  fowls, — that  is. 
the  amount  of  heat  given  off  when  the  various  foodstuffs  are  burned, 
— and,  secondly,  to  determine  the  heat  produced  and  the  heat  dissi- 
pated by  living  animals  during  a  given  period.  For  the  first  pur- 
pose the  apparatus  that  is  most  fret|uentlv  employed  at  present  is 
the  bomb  calorimeter  (.levised  by  Berthelot.  The  bomb  consists 
of  a  strong  steel  cylinder  in  which  the  food  to  be  bume<]  is  placed 


Fiff.   275. —  Reichtfrt's  wuter  calorimeter. 


and  which  is  filled  with  oxygen.  The  combustion  of  the  foodstuff 
is  initiated  by  means  of  a  spiral  of  platinum  wire  heaietl  by  an 
electrir-al  current.  The  bomb  i.s  immei-sed  in  water  and  the  heat 
(pven  off  raises  the  water  to  :i  meiij>ured  extent  of  temperature. 
The  weight  of  water  lieing  known,  the  amount  of  heat  is  easily 
expressed  in  calories.  For  the  purpose  of  measuring  the  heat 
given  off  by  li\ing  animals  two  principal  forms  of  calorimeter  are 
used,  each  form  having  a  number  of  modifications.  These  two 
forms  are  the  water  calorimeter  and  the  air  calorimeter.  The 
water  calorimeter  was  the  form  viseil  in  the  first  experiments  on  rec- 
ord (Oawford,  1779).  In  principle  it  consists  of  a  double-walled 
box  with  a  known  weight  of  water  Ijetween  the  walls.  The  animal 
is  placed  in  the  iimer  box  and  the  heat  given  off  is  absorbed  by  the 
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water.  Knowing  the  weipht  i>f  the  water  an<i  how  much  its  tem- 
perature is  raised,  the  tiala  are  at  liand  for  ileLeriniiiinp  ihe  numlx^r 
of  calories  piven  off  rJuiinj^  the  experiment.  One  form  of  this 
variety  of  calorimeter.  usetHn  thi.s  eouniry  by  Keichert.  is  shown 
in  Fig.  27n.  It  consists  of  two  ront'eutrit*  lH>xe.s  of  metal  with  a 
space  between  them  of  about  IJ  iuchea.  The  auimul  \s  placed 
in  the  inner  lx>x  {A).  The  two  lx>xes  are  inclosed  in  a  large  wooden 
box,  the  space  between  the  metal  and  wooden  boxes  being  filled 
with  shavings  (SH).  The  objeet  of  this  outer  box  is  to  prevent 
radiation  of  heat  from  the  metii]  boxes.  The  tubes  /^,V  and  EX, 
which  lead  into  the  interior  ehamlHT  containing  the  animal,  are  for 
the  entrance  and  exit  of  the  ventilating  air.  A  thcnnometer  Ls 
placed  in  each  to  determine  the  heat  carried  <»ff  by  the  air.  The 
thermometer.  CT,  measures  the  temixTature  of  the  water,  and  S  'la 
a  stirrer  to  keep  the  water  well  mixed  and  thus  insure  a  uniform 
temperature.  When  the  animal  is  placed  in  the  apparatus  the 
heat  given  off  warm.s  not  only  the  water,  hut  also  the  metal;  so 
that  to  determine  the  total  heat  the  weight  of  metal  nmst  Ijc  re- 
duced to  an  ctjuivalent  amciunl  of  water  by  multiplying  it,s  weight 
by  its  specitic  heat,  or,  a  moresimj>le  me(hf)d,  the  calorimetric  equiv- 
alent of  the  apparatus  is  determinetl, — that  is,  the  actual  amount  of 
heat  necessar>'  to  raise  the  temjierature  of  (he  npparat^is.  water  and 
metal,  one  degree.  This  value  is  i»btained  by  burning  in  the  appa- 
ratus a  known  weight  of  some  substance  (alcohol,  hydrogen)  wh(>se 
heat  of  combustion  i^  known.  Knowing  how  much  heat  is  given 
ofif  by  this  combustion  and  how  much  the  tem[>erature  of  the 
apparatus  is  rai.setl.  the  calorimetric  equivalent  is  easily  calcu- 
lateil  and  may  I»e  used  subse(|uently  in  estimating  the  results  ob- 
taineit  frcmi  animals.  In  the  use  of  the  apparatus  many  precau- 
tions must  be  observed.  Tliese  practical  details  nectl  not  lie  des- 
cribed here  except  to  say  that  account  must  Ike  taken  of  the  warm- 
ing of  the  air  used  to  ventilate  the  apparatus  and  f>f  any  changes 
in  the  amount  of  lis  moisture.  The  calorimeter  uscil  in  this  way 
measures  directly*  the  amount  of  heat  given  off  from  the  animal 
during  the  period  of  obser^•ation.  The  amount  of  heat  producetl  in 
the  animal's  Ixxly  during  this  time  may  Ix?  the  same,  or  may  be 
more  or  less.  To  arrive  at  a  knowleilge  of  this  factor  obser\'ations 
must  be  made  upon  the  animal's  body  temiK'rature  by  means  of  a 
thermometer  in  the  rectum.  If  this  body  temi^erature  is  the  same 
at  the  end  as  at  the  beginning  of  the  experiment  then  it  is  obvious 
that  the  heat  produced  must  have  been  equal  to  the  heat  lost.  If 
the  animaPs  b<jdy  temjwrature  has  fallen,  then  it  is  evident  that 
less  heat  has  Ijeen  produced  than  wa-s  lost.  To  ascertain  how  much 
leas,  the  weight  of  the  animal  is  midiiplied  by  its  specific  heat  (0.8) 
to  rethice  it  to  so  much  water,  and  this  product  is  multiplied  by  the 
difference  in  body  temperature  at  the  beginning  and  the  end  of  the 
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exjjorJnieiit.  The  product  is  obtained  in  calories  and  is  subtncted 
from  the  amount  of  heat  lost,  as  determined  by  the  calorimeter,  to 
obtain  the  amotmt  of  heat  produced.  If,  on  the  contran,  the ani- 
mars  temi)erature  has  risen  during  the  ex|>eriment  the  IxmIv  has 
produced  more  heat  than  it  has  dissijmted.  The  increase  may  he 
determined  as  above  by  multiplying  the  weight  of  the  animal,  the 
specific  heat  of  the  body^  and  the  difference  in  temperature.  This 
amount  added  to  the  heat  lost  gives  the  heat  produced. 

Most  recent  investigatory  have  used  some  form  of  air  calorimeter. 
An  air  calorimeter  consists  essentially  of  a  doubie-wall«?d  chamber 
or  box  with  air  lietween  the  walls.  The  animal  is  placed  in  th« 
inner  box  and  the  heat  given  off  is  measured  by  the  exjiansion  of 
the  air  between  the  walls.     Many  different  forms  are  used,  prefer- 


Fig.  3Ta. — D'Anonval'a  diaerrntuil  calorimvter. 

ence  being  given  to  some  modification  of  the  differentia]  air  u 
ri  meter.  In  this  last-named  instniment  two  exactly  similar  clMunben 
are  constnicted  ;  one  contains  the  animal  while  the  other  aen'es  aa  a 
dummy.  These  two  chaml^ers  are  balanced  ajirainsl  eai-h  other, 
the  air  space  in  the  dummy  being  heated  by  iuunersion  in  a  Imlh  or' 
by  burning  hyilrogcn  in  the  interior.  As  these  sources  of  heat  ut 
known  and  can  l^e  controlled,  it  is  evident  that  if  the  dummy  is 
made  to  balance  exactly  the  chamljer  containing  the  animal  the 
amount  of  heat  given  off  in  each  is  the  same.  The  principle  of  the 
differential  calorimeter  is  represented  in  Fig.  276,  wliich  pve6  a 
schema  of  the  form  originally  employed  by  d ' Areonval ;  S  and  8^1 
represent  the  two  calorimeters,  in  one  of  which  the  animal  is  placed 
while  the  other  acts  as  dummy.  Each  is  double  wallcfl  and  the 
air  sf)aces  are  connected  by  tubes,  10  and  10'.  to  small  gasometers, 
4.  4',  suspende<i  in  water  and  hung  on  opposite  sides  of  a  Ijalance, 
The  movements  of  these  gasometers  antagonize  each  other,  and  the 
resultant  may  be  recorded  upon  smoked  paper,  as  indicates!  in  ibc 
figiire.* 

♦  For  detailoil  ncooiint^  of  njieoinl  romifi  of  air  culoritnel^rs  see  Rubncr, 
■*CttIoriin«JtriscbeMelhodik,'*  18i>l;  and  RtwentUal.  "Arcliiv  f.  Plmnologie. ' 
1897,  p.  170. 
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The  Respiration  Cahrimcter. — When  a  caNjrinielcr  Ls  s«>  arrangetl 
tlmt  the  composition  of  the  air  drawn  tliruugh  the  apparatus  for 
ventilation  can  be  determined  as  well  a^i  the  amount  of  heat  pro- 
duced, the  apparatus  l»ecome.s  a  resjiiration  calorimeter.  In  .such 
an  apparatus,  if  profjer  provision  is  nmde  for  analyzing  the  urine, 
the  feces,  and  the  food,  the  total  carbon  and  nitrogen  excretion  may 
|je  obtained  simultaneously  with  the  heal  loss.  Since  we  may 
calculat'C  from  the  carbon  and  nitro>cen  excretion  how  much  pro- 
tein, fat,  and  carbohytlrate  have  l^eeii  burnt  in  the  body,  and  since 
the  heat  values  of  these  ncmstitiients  are  known,  it  is  evident  that 
we  may  reckon  imlirectly  liow  much  heal  ought  to  Ije  produced 
from  the  combustion  of  so  much  nmlerial.  This  method  of  arriv- 
ing at  the  heat  pniducti<in  is  designated  imfiriTl  vaiorimdry.  With 
an  adequate  respiration  c!al(l^inH^tcr  it  is  possible  to  ascertain 
whether  the  results  calculated  by  the  method  of  in(hrect  calorim- 
etry  really  correspond  with  the  heat  obtained  by  direct  measure- 
ment. In  the  hands  of  p;noii  obser^'ers  the  corres|x>ndence  is 
ver>'  close,  and  gives  aul>stantial  proof  of  the  scientific  l>elief 
tliat  in  the  living  body  the  energy  lifierate<l  aH  heat  or  lus  heat 
and  work  is  all  contained  in  potential  fonn  in  the  fooilsttiffs 
eaten.  By  means  of  the  respiration  calorimeter  we  can  obtain  a 
balance  between  the  energy  income  and  outgt»  of  the  body  as  well 
as  betwt»en  the  material  income  and  otitgo, — that  is,  tlie  carbon  and 
nitn)gcn  efiuilihritim.  The  most  complete  and  elalK>rate  fonn  of 
respiration  calorimcl^r  used  isthat<levise<l  by  Atwaterand  Rosa  for 
experimenis  upon  man*  Considered  as  a  calorimeter  the  appara- 
tus used  by  these  invest igatoi-s  Ijelongs  to  the  tyj)e  of  water  cal- 
orimeters. Instead,  however,  of  having  a  stationary*  stratum  of 
water  to  l)e  warmed  by  the  heat  given  off  from  the  body,  the  appara- 
tus is  arranged  so  that  a  stream  of  water  may  be  circulated  between 
the  walls,  and  this  stream  is  so  regidated,  as  to  quantity  and 
temperature,  as  (o  keejj  the  tenip<?rature  of  the  calorimeter  as  a 
constant  point.  In  otlier  words,  the  heat  given  tiff  from  the  IxkIv 
is  carried  away  by  the  circulating  water,  and  the  quantity  of  the 
heat  may  lie  calculated  when  the  temi)eraturc  ami  amo\mt  of  the 
water  are  known.  By  means  of  this  apparatus  many  interesting 
and  important  experiments  have  been  made  upon  tlie  nutrition 
of  man  under  special  conditions.  Such  results  as  the  following 
have  been  obtained  (At water  and  I^nefhct)  in  the  ca.se  of  a  man 
who.  while  in  tlie  apparatus,  did  much  muscular  work  on  a  bicycle 
ergometer: 

•See  Atwatcr  and  Rona.  Hiilletin  fi3.  Tnitcd  StAtPs  I)ppnrtinpnt  of  A^tri- 
eulture,  lK1)9;nn(i  for  recent  improvL-tiH.'nU,  Atwaterauti  Hiiiedict,  "A  Respira- 
tion Calorimeter/'  C&megie   Iruttitution,  Wubingtun,   1905. 
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Income:  Pot4?ntial   energy  of   material   mHalmlised   in    h^wlv 

Outen    i  ^'-"P'^.v  Kiven  oft  from  the  body  as  liCBt. . .  .  4833  Caf. 

^     \  Heat  equivalent  of  muscular  work 602  Cal. 


5450  OiL 


5135  €^ 


Experimental  error. 


Results  of  Calorimetric  Measurements. — ^The  actual  resolts 
obtained  from  direct  (■alorimetrio  meaaurements  coiTol>orate  those 
dedut-ed  from  the  study  of  the  energy  given  ofT  in  the  oxidation  of 
tlie  foodstuffs  of  the  daily  diet.  They  show  that  man  gives  off  heat 
fmm  his  body  to  the  amount  of  4(),000  to  50,00()  calories  per  kgm. 
of  weight  during  24  hours  under  eonditions  of  ordinary-  life,— A 
total,  therefore,  of  2.4(MI,0()0  to  3,IMJ0,tXX)  calories  per  day  for  aa 
individual  weighing  (34f  kgnis.  This  amount  is  increaseil  greaU/ 
under  eonditions  demanding  mueh  niuseuiar  work.  This  loss 
heat  is,  of  course,  made  gooti  by  the  production  of  an  equal  amount 
within  the  body  by  the  oxidation  of  the  foo<l  material.  Actual 
exjierinients  upon  different  aidnmis*  show  that  small  animals 
protUice  more  heat  in  pntjiortion  to  their  weight  than  larger  animals 
of  the  same  species,  owing  Lo  their  R-lativeh'  larger  surface  aati 
therefore  greater  loss  of  heat.  Binls  jjnxluee  and  lose  more  beat! 
for  a  unit  of  surface  than  mammals,— a  fact  which  indicAtos  thai 
their  physiukigical  oxidati<ina  are  more  intense.  Areonling  to 
Richet,  a  sparrow  gives  off  per  unit  of  surface  five  times  as  much' 
heat  as  a  raljbit.  According  to  Kubner,  the  sparrow  produces 
thirteen  times  as  much  heat  as  man  for  the  same  amount  of  tissue. 
In  infants,  owing  to  their  larger  surface  relative  to  the  mass  of  the 
body,  the  loss  of  heat  is  gn-uter  than  in  the  adult. 

HEAT  REGULAHON. 

From  a  general  standjujint  the  most  imixirtant  problem  that  the 
physifikiijist  ha.s  to  study  is  the  means  by  which  the  heat  r)nMiuctioii| 
and  heat  loss  are  so  regulated  aa  to  maintain  a  practically  constaulj 
body  temperature.     Experiments  show   that   the  mechanism 
heat  regulation  is  vpry  complex  and  is  two-sided. — that  is.  the  bodi 
possesses  means  of  controlling  the  loss  of  heat  as  well  as  the  produ< 
tion  of  heat,  and  under  the  conditions  of  normal  Ufe  both  m< 
are  used. 

Regulation  of  the  Heat  Loss. — Heat  is  regularly  lost  from  our 
bodies  in  a  number  of  different  waj's,  which  may  be  classified  as 
follows : 

1.  Throuj^h  the  excreta,  urine,  fecea,  saliva,  which  are  at  the  tempenti 
of  the  body  when  voided. 

♦See  Rubner.  "Zcitschrift.  f.  Biologie/'  19,  535.  1883;  and  Richet.  " 
ch&leur  animale,"  1889,  p.  224. 


2.  Throijgli  tlic  expired  air.  Tliia  air  is  warmer  than  tlie  inspired  air. 
and  inoreover  is  nearly  saturated  with  water-vapor.  Tlie  va(H)rista- 
tion  of  water  requires  heat,  which  is,  of  course,  taken  from  the  b>ody 
supply.  Kach  (Tram  of  water  requires  for  its  vaporization  about  582 
calories. 

3.  By  evaporation  of  the  sweat  frorn  the  .nkin.     Tlie  amount  lost  in  this 

way  mcreai*eK  naturallv  with  the  amount  of  sweat  secreted. 

4.  By  conduction  and  esjieciaUy  by  radiation  of  heat  from  the  skin. 

The  relative  values  of  these  different  means  of  heat  loss  are 
estimated  as  follows  by  Vierortlt; 

1.  By  urine  and  feces 1.8  percent,  or      47,500 calories. 

2.  Bv  expired  air:  Warming  of  air 3.5      "         "       S4,50U     " 

Vaporization  of  water  from  lungs 7.2      "  "       182,120      " 

3.  By  evaporation  from  alciu 14.5      "  "      364,120      " 

4.  By  radiation  aiid  conduction  from  skin  .73.0      "  "   1,791.820     " 

Total  daily  loss  -  2;5Tm>.000      " 

It  is  obvious  that  the  relative  importance  of  these  factors  vdll  vary 
with  conditions.  Thus,  high  external  temperatures  will  tend  to 
diminish  the  loss  from  radiation  while  increasing  that  from  e\^pora- 
tion.  owing  to  the  greater  production  of  sweat.  The  variation 
in  this  respect  is  well  illustrated  by  the  following  table,  compiled 
by  Kubner,  from  experiments  made  upon  a  starving  dog:'^ 


Tempera  turo. 

GalorivB  iMt  bv  rndla- 
lioa  »nd  conduction. 

Cmlomia  Usrt  by 

evApnnition. 

ToUl  ratorim  of 

luelMbolum. 

IS" 
20P 

30P 

78.6 
55,3 
45^ 

41.0 
33.2 

7.9 

7.7 

10.6 

13.2 

33.0 

86.4 
63.0 
55.9 
54.2 
56.2 

It  will  be  noted  that  hetween  25°  and  30*  C.  there  was  a  marked 
increiLse  in  the  loss  of  heat  through  evaporation. 

In  man  loss  of  heat  is  regulated  chiefly  by  controlhng  the  impor- 
tant factors  of  evaporation  and  radiation.  We  accomplish  this  end  in 
part  deliberately  or  voluntarily  by  the  use  of  appropriate  clothing. 
Clothing  of  any  kind  capture-s  a  layer  of  warm  and  moist  air  between 
it  and  the  skin  and  thus  diminishes  greatly  the  loss  by  evaj>oration 
and  by  radiation.  In  cold  weather  the  amount  and  character  of  the 
clothing  Ls  changed  in  order  to  diminish  the  heat  loss.  The  ideal 
clothing  for  this  purpose  is  made  of  material,  such  as  wool,  which, 
while  porous  enough  to  permit  adequate  ventilation  of  the  air  next 
to  the  skin,  Is  at  the  same  time  a  poor  conductor  of  heat  and  thus 
dimiuLshes  the  main  factor  of  loss  by  radiation.  The  most  impor- 
tant means  of  controlling  the  heat  loss,  however,  Ls  by  automatic 
reflex  control  through  the  sweat  ner\*es  and  the  vasomotor  nerA'es. 

•Taken  from  Lusk,  'Elements  of  the  Science  of  Nutrition."  Philadt^l- 
phia,  1900. 
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In  wiinn  weather  the  secretion  of  sweat  is  greatly  increased  by  re- 
flex stimulation  of  the  sweat  nerves.  The  greater  amount  of  waw 
requires  a  greater  amount  of  heat  to  vaporize  it,  and  thus  the  heat 
loss  is  increased.  The  value  of  this  control  is  illustrate*.!  by  a  caae 
recorded  by  Zuntz  *  of  a  mail  who  possessed  no  swe^it  glands.  In 
summer  this  indi\'idual  was  incapacitated  for  work,  since  even  a 
small  degree  of  mu.scuiar  activity  would  cause  an  incre-ase  in  hia 
body  temperature  to  40°  or  41°  C. 

The  control  through  the  vasomotor  ner\'es  is  doubtless  even 
more  imfKirtant.     The  blood-vessels  bring  the  warm  bltjod  to  the 
skin,  wliere  it  loses  its  heat  by  conduction  and  especially  by  radia- 
tion Uy  the  cooler  air.     When  the  surrounding  air  is  much  below  tlie 
temperature  of  the  body  the  vasoconstrictor  center  is  stimulated, 
the  blood-vessels  in  the  skin  are  constricted,  the  supply  of  warm 
blood  to  the  skin  is  diminished,  and  therefore  the  amount  of  heat  lost. 
is  less.     The  reflex  in  this  ra^ie  may  lie  attributerl  primarily  to  tbdj 
action  of  the  cool  air  on  the  cold  nerves  of  the  skin.     The  impulses 
carried  by  these  fibers  to  the  nerve  centers  stimulate  the  vasocon- 
strictor center  or  that  part  of  it  controlling  the  vas^omotor  fiberj 
to  the  skin.    On  warm  days,  on  the  contrary',  the  blood-vessek ; 
in   the  skin   are  dilate*!   sometimes  to  an  extreme  extent,   tl 
supply   of   warm    blood    is   therefore    incmL<«^d,    and    more  heat' 
is  lost  if  the  air  is   lower  in   temperature  than   the  blood.    'Ilie 
reflex  ui  this  case  may  be  regarded  pf>ssil)ly  as  an  inhibition  of  ihej 
vasoconstrictor  center  through  the  warm  nerves  of  the  skin.    Sub-j 
stances,  such  as  alcohol,  which  cause  a  iiilatation  of  the  skin  v 
sels  also  increase  the  loss  of  body  heat,  in  some  ease3  to  a  sufficient! 
extent  to  lower  the  body  temperature.     To  a  smaller  extent  rniri 
heat  loss  is  controlled  through  an  acceleration  of  the  breathing 
movements.     The  greatly  increjLse*!  respirations  in  muscular  ac- 
tivity must  aid  somewhat  in  eliminating  the  excess  of  heat  produced,! 
although  tliis  factor  must  be  much  less  important  than  the  sweating 
and  the  flusJiiiig  of  the  skin  which  are  produced  reflexly  duritig 
muscular  work.     In  some  of  the  lower  animals — the  dog.  for  inr-j 
stance— in  wliich  the  sweat  nen'es  are  absent  over  most  of  (hebo<lr 
and  in  which  the  coat  of  hair  interferes  with  the  free  loss  hy 
radiation,  it  is  found  that  the  loss  through  the  respiratorv*  channel  is 
relatively  more  important.     The  panting  of  the  tlog  is  a  familiar* 
phenomenon.     Richet  has  studied  this  reflex  upon  dogs  and  haa- 
designated  the  greatly  accelerated  breatliing  in  warm  weather  of 
after   muscular  exercise  as  thermic  polypnea  (according  to  Gad, 
tachypnea).     He  a.ssumes  a  sj3e<'ial  center  for  the  reflex  situaietl  to 
the  medulla  and  acting  through  the  respiratory  center.     It  is  A, 
curious  fact,  as  shown  by  Langlois,  that  some  reptiles  exhibit  ai 
similar  reflex;  when  their  body  temperature  is  raised  to  H9^C.  they 
*  ZunVi,    'UeuVacXwi  \ufcAVu;vaQJi-Z*ivt.uiig/'  1903,  No.  2o. 
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a  condition  of  murkcti  polypnea  {rapid  breathing)  the  ap- 
parent object  of  which  is  to  augment  the  loss  of  heat  from  the 
bo<ly. 

Regulation  of  Heat  Production. — Heat  production  is  varied 
in  the  \nn\y  l»y  increasinjj;  or  decreasing  the  physiological  oxida- 
tiona.  This  end  is  effected  in  part  vokmtarily  by  muscular  exercise 
or  by  taking  more  food.  Muscular  contractions  are  attended  by 
a  marked  liberation  of  heat  and  it  is  a  part  of  everyone's  experience 
that  i>y  work  or  muscular  activity  the  effect  of  outside  cold  may  be 
counteractetl.  In  the  case  of  food  the  body  bums  promptly  most 
of  the  material  of  a  daily  diet.  By  increasing  the  diet  in  cold 
weather  provision  is  made  for  the  greater  supply  of  heat  required. 
In  nonual  in<lividuals  this  regulation  is  not,  strictly  speaking, 
voluntary.  Outside  cold  is  most  effective  in  stimulating  the  ap|>e- 
titc  and  thus  leading  us  to  increase  the  diet.  In  this,  as  in  other 
respects,  the  appetite  ser\'es  to  control  the  amount  of  food  in  pro- 
portion to  the  needs  of  the  Itody.  The  purely  involuntary'  control 
of  heat  production  consist^s  of  an  involuntary  reflex  upon  muscu- 
lar metabolism  and  jxjssibiy  in  the  existence  of  a  special  set  of  heat 
centers  and  heat  ner\^es.  With  regard  to  the  first  effect  we  have 
the  striking  experiments  cjuoted  by  Pfliiger  *  according  to  which  a 
rabbit  paralyzed  by  large  doses  of  curare  is  no  longer  able  to  main- 
tain its  IkkIv  temi^erature  when  the  outside  temi>erature  is  changed. 
The  rabbit  behaves,  in  fact,  like  a  co!d-l)ii»oded  animal.  In  the 
calorimeter  it  shows  a  marked  loss  of  heat  pmduction,  and  its 
temperature  may  be  matle  to  go  up  and  down  with  the  outride 
temj^rature.  The  same  result  may  l>e  obtained  i>v  section  of  all 
the  motor  ner\'es, — that  is,  seclion  of  the  spimil  C(jrd  in  (he  upi)er 
cervical  region.  Rubner  ha^  shown  by  calorimetric  experiments 
upon  animals  that  although  the  botly  temperature,  as  we  know, 
may  remain  constant  when  the  outside  temperature  is  changetl. 
the  heat  proiiuction  is  increased  as  the  outside  temperature  is 
lowered.  This  fact  is  well  shown  by  the  following  table,  compiled 
by  Rubner,  from  experiments  made  upon  a  fasting  guinea-pig:t 


Tnapemtiin 

TMnp«rmtura 

Onutu  of  CO<  ellminatvd  per  hour 

of  •aimal. 

•nd  per  Idlosntni  of  aniioat. 

0.(fC. 

37.0*  C. 

2.905 

11. 1 

37.2 

2.151 

20.8 

37.4 

I.7B0 

25.7 

37.0 

1.540 

30.3 

37.7 

1.317 

34.9 

38.2 

1.273 

40.0 

39.5 

1.454 

From  0^  to  about  35°  C.  the  animal's  body  temperature  remained 
PflOger   "  .\rchiv  f.  die  gesatnmte  Physiologie."  18,  255,  1878. 
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practically  constant,  but  the  oxidiitioiis  at  the  lower  temperature 
were  over  twice  the  amount  of  thoae  at  the  higher  temperature. 
At  about  33°  C.  the  metabolism  of  the  mammal,  according  toRub- 
ner.  is  at  its  minimum.  From  35''  to  40°  C.  the  heat  regulating  mech- 
anism broke  down,  in  that  heat  loss  was  prevented  to  such  an  exl-eni 
b}*  tlie  outside  high  temperature  that  the  lx)dy  temperature  rose 
in  spite  of  the  diminution  in  heat  production.  Cold  baths,  cold 
winds,  and  various  climatic  conditions,  such  as  high  altitudes  and 
seasi<ie  r.onditions.  also  cause  a  marked  increase  in  body  metal>olism. 
Johannson  *  has  shown  that  the  increased  oxitlations  that  occur 
under  the  inHuenceof  outside  cold,  as  measured  l>y  the  CO^  output, 
occur  only  when  muscular  tension  is  increased  or  shivering  Is  noticed. 
We  may  believe,  therefore,  that  the  increased  oxidations  caused 
by  cold  are  due  to  motor  reflexes  upon  the  skeletal  muscles.  These 
reflexes  take  place  doul)tles.s  through  the  motor  fil)ers.  and  lead  to 
an  augmented  muscular  tone  or  to  small  contractions  (shivering), 
according  to  their  intensity.  This  fact  accords  with  one's  persiiaa! 
sensations  regarding  the  condition  of  his  muscles  in  cold  weather. 

The  Existence  of  Heat  Centers  and  Heat  Nerves. — Physi- 
ologi.*)ts  have  long  sup]K)sed  ttiat  there  may  be  in  the  body  a  special 
set  of  heat  nen'es  and  heat  centoi's,  separate  in  their  action  from  the 
motor,  secretor>%  and  other  efferent  ner\*es  that  influence  the  me- 
tabolism of  the  peripheral  organs.  It  i3supi>osed  that  these  fibers, 
if  they  exist,  when  in  activity  augment  or  inhibit  the  physiological 
oxidations  in  the  tissues,  and  that  this  effect  has  for  its  specific 
object  an  increase  or  decrease  in  heat  production,  outside  of  any 
functional  activity  of  the  tissues.  Bernard  thought  at  first  that 
he  had  demonstrated  the  existence  of  calorific  fibers  in  the  cer\*ical 
sympathetic,  but  it  was  afterward  recognized  that  the  fillers  in 
question  are  vasoconstrictors.  Since  that  time  very  numcmua 
experiments  have  been  made  with  tliis  object  in  view,  but  it  must 
be  atlnutted  that  no  conclusive  prof)f  has  yet  l^een  obtained  of  the 
existence  of  such  a  system.  The  evidence  that  has  been  most  re- 
lied upon  is  the  effect  of  lesions,  experimental  or  pathological,  of 
definite  portions  of  the  brain  or  cord.  The  following  facts  are 
significant:  A  number  of  obsen'ersf  have  founri  that  section  or 
puncture  of  the  brain  at  the  junction  of  medulla  and  pons  causes 
an  increase  in  heat  pnxiuction  ami  a  rise  of  temperature.  Section 
of  the  cord  in  the  cervical  region  is,  on  the  other  hand,  attended 
usually  by  a  fall  in  body  temperature.  These  experiments  might  be 
interpretetJ  to  mean  that  there  exists  in  the  brain  anterior  to  the 
medulla  a  general  heat  center  of  an  inhibitor}-  character.  Under 
normiil  conditions  this  center  may  hold  the  lower  heat-producing 

♦  Joliannson,  "  Skandinavisches  .\rcliiv  f.  PhysioloKit*, "  7.  123,  18*»7. 
t  Sec    Woo(i.    "Fever,"     'Smillisonian    Cnntributions    lo    KnowIe<lge,*' 
Washington.  1880. 
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centers  in  check.  When  cut  off  by  section  this  inhibitory  influence 
is  removed  ami  inrrease  in  heat  proJuetion  anil  IxkIv  temperature 
results.  A  seconri  important  fact,  i)rought  out  by  Ott,*  is  that  in- 
jury to  the  corpus  striatum  causes  a  rise  in  heat  production  and 
body  temperature.  This  result  has  been  confirmed  ];y  many  other 
investigators,  making  use  esperialiy  of  wliat  is  known  as.  the  "heat 
puncture."  In  this  cxijcrimcnt,  made  uix>n  rabbits,  a  prol)e  or 
style  is  inserteci  into  the  brain  so  as  to  puncture  the  corpus  stria- 
tum. The  result  in  the  majority  of  cases  is  a  rise  of  temperature 
which  may  last  for  a  long  time,  although  the  animal  shows  no  par- 
alysis and  apparently  no  other  effect  from  The  operation.  Accord- 
ing to  some  obscr\ers,t  the  intTeased  production  of  heat  takes  place 
mainly  in  the  liver,  and  i.s  due  to  the  oxidation  of  the  glycogen. 
According  to  others  (Aronsohn),  the  increased  production  of  heat 
occurs  mainly  in  tlie  muscles.  The  fever  protluccd  by  the  "heat 
puncture"  seen^n  to  be  due  essentially  lo  an  irritation  of  the  nerv- 
ous system,  and  is  an  experimental  demonstration  of  the  possi- 
bility of  fever  arising  from  lesions  of  the  nerve  centers.  White  and 
others  have  descril>ed  similar  disturbances  of  heat  production  from 
lesions  of  the  optic  thalamus.  Heat  centers  have  l>een  located 
also  in  the  septum  lucidum,  in  the  cortex,  the  midltrain,  perns,  and 
medulla,  while  Reichert  places  the  primary  heat-pnx  hieing  centers 
(thermogenic  centers),  from  which  the  hyjKjlhetical  heat  ner%'es 
originate  directly,  in  the  spinal  cord  in  the  anterior  horn  of  the  gray 
matter.!  The  great  amount  of  experimental  work  done  along 
these  lines  has  been  inspired  doubtless  by  the  hope  of  discovering 
a  special  heat-regulating  ner\'ous  apparatus  which  if  demonstrated 
would  enable  us  to  explain  the  causation  of  fevers.  In  its  most 
elaborate  form  this  hypothesis  assumes  the  existence  of  primar>' 
heat-producing  (thermogenic)  centers  in  the  cord  and  brain  from 
which  ihe  calorific  or  heat  ner^'es  arise.  These  centers  in  turn  are 
controlled  by  regulating  (thennotaxic)  centers  of  an  augmenting 
and  inhibitory'  character  in  the  higher  portions  of  the  brain.  By 
reflex  influences  ujjon  these  latter  centers  the  activity  of  the  thermo- 
genic centers  may  be  increased  or  diminished  ami  the  production 
of  heat  in  the  body  controlled.  While  such  an  apparatus  may 
exist,  it  is  nevertheless  true  that  the  evidence  in  favor  of  it  so  far 
produced  has  failed  to  convince  the  majority  of  physiologists.  The 
existence  of  a  special  set  of  heat  nerves,  in  fact,  is  still  unproved. 
Most  physiologists,  perhaps,  believe  that  variations  in  heat  pro- 

*Ott,  "Jntimal  of  Nenous  and  Mental  Di^teaBCs/'  1884,  1887,  18S8; 
alfto  "Br^n,"   1RS9. 

t  RoUv,  "Deutiwhcft  Archiv  f   klinUrhe  M»iirin."  78.  260.  1903. 
t  See  Reirhert,  *'  Univei>titv  Mwiical  MaRaxine, "  6,  406,  1804;  also  Kemp, 
Therapeutical  Gazette,"  1889,  pp.  86  and  155. 
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cluction  occur,  as  stated  above,  by  alterations  in  the  intenaily  of  the 
oxidations  in  the  muscles  brought  a!x)ut  by  reflex  excitation  through 
the  motor  ner\-e  fibers,  and  that  a  special  set  of  heat  fibers  does  not 
exist.  We  may  at  present  adopt  the  conservative  view  that  heat 
production  and  heat  dissipation  in  the  body  are  controlled  not 
by  a  special  heat-regulating  apparatus  composed  of  heat  centers 
and  heat  nerves,  but  by  the  co-ordinate<l  acti^'ity  of  a  number  of 
ilifferent  centers  in  addition  to  the  voluntary  means  ahead)- 
specified.  The  unconscious  regidation  of  the  body  temperature  is 
effected  cliiefly  through  the  following  centers: 

The  sweat  centers  and  sweat  ncr\'es. 
The  vaMX'on.<--trictor  center  and   the  vaaoooDfltnctor 
ner\'e  fil«rM  to  the  j*kiii. 
3.    The  respirator^'  center 

1.  Tlie  motor  ner\-e  oeuter?i  and  the  motor  uerv«  Sbaa 
to  the  skeletal  marries. 

2.  The   quantity   :uul    eliaracter  of  the  food  as  deter- 
mined  by  the  api^tite. 

Theories  of  Physiological  Oxidations. — Lavoisier  comparctl 
the  oxidations  in  the  l>ody  to  the  oxidation  of  organic  sulistances 
in  combustions  at  high  temperatures.  He  supposetl  that  the  mo- 
lecular oxygen  unites  directly  with  the  substances  oxiiJize*!  in  ooe 
case  as  in  the  other.  It  soon  became  evident,  however,  that  this 
direct  analogy  is  not  apidicable.  The  material  that  is  oxidized 
in  the  lx)dy — fats,  carl>()hydrates,  proteins — is  consumed  with  & 
certain  rapidity, — in  the  raise  of  muscular  contractions  with  Rrcat 
rain(hty, — and  we  know  that  these  same  materials  out  of  the  body 
at  a  temperature  of  ',i9^  C.  are  oxidize<l  with  extreme  slowness.  It 
became  custoniar>%  thereft)re,  to  sjieak  of  the  oxidations  in  the  l)ody 
as  indirect,  raeamnp;  tliereby  that  the  materia!  is  not  acted  upon 
directly  by  the  molecular  oxygen.  Within  recent  years  it  haj?  l»een 
shown  that  the  oxidation  in  onlinan.-  combustions — the  burning; 
of  gaseous  hydnjgen,  for  instance— is  not  explained  by  assiuniiiit 
that  the  oxygen  unites  directly  with  the  hydrogen.  It  is  stntod, 
for  instance,  lliat  this  condjustion  does  not  take  place  if  both  ganes 
are  entirely  fret^  from  water  vapor;  the  pn'scneeof  wnlerisneces^n' 
for  the  oxidation,  t'heniist.s  are  not  agreed  :is  trt  the  exact  nature 
of  simple  combustion,  and  it  is  therefore  increasingly  difficult  to 
compare  these  prncesses  with  the  oxidations  in  the  body.  IjeavinR 
aside  the  details  of  the  process,  it  may  still  be  l>elieved  that  tJv 
metalM)lism  of  material  in  the  body  by  means  of  which  its  heal 
energy  is  produceil  is  at  bottom  comjmrable  to  ordinary  combie^ 
tions.  Oxygen  is  absolutely  necessar>'  to  the  process  in  each  c«e; 
the  same  end-products  are  formed  and  the  same  amount  of  hcjit  ts 
liberated  in  the  one  case  as  in  the  other.  The  fundamental  i>oint 
that  the  physiologist  is  attempting  to  solve  is  the  means  bv  which 
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the  l)0(iy  accomplishes  these  oxidations  at  such  a  low  temperature. 
The  theories  aviggesteil  i^  explain  this  fact  have  clianged  naturally 
with  the  mlvance  of  rhemioal  kiiowleilge.  After  the  discover}'  uf 
i)z<me  (Schunl)em,  IS-IO)  and  iLs  great.  i*ower  of  oxidation  as  com- 
pared with  oxygen  it  was  .siiKpestetJ  that  in  some  way  the  ox>'gen 
in  the  body  is  ozonized  and  is  thus  ahlc  to  h)irn  the  food  material. 
Gonii>Iiesanez  showed  that  s(une  of  the  oxidations  that  take  place 
in  the  body  can  be  auceessfully  accomplished  outside  the  body 
with  the  aid  of  ozone,  especially  in  the  presence  of  alkalies  or  alka- 
line carbonates.  Others  suggested  thai  the  oxygen  in  the  lx)dy  lie- 
comes  converted  to  atomic  oxygen  ami  is  thus  enaljled  to  attack  the 
Xbswe  materials.  Hopjie-Seyler  formulated  a  theon-  according  to 
which  the  living  molecule  is  first  sjvlit  into  smaller  molecules  hy  the 
hydrolytic  action  of  ferments.  In  this  process,  as  in  fermentation,  to 
which  he  c<mipared  it,  hydrogen  is  liberated  in  the  nascent  or  atomic 
state,  ami  this  hydrogen  acting  upon  tlie  oxygen  forms  water  with 
the  lil)eration  of  some  atomic  oxygen,  which  in  turn  oxidi/es  the 
split  products  of  the  fermentation.  (Hhers  still  (Traube)  laid  stress 
upon  the  possibility  of  the  formation  of  hydrogen  peroxid  or 
similar  organic  peroxids  which  are  then  capable  of  effecting  the 
oxidation  of  the  Unly  material.  This  latter  theor>',  in  modifie<i 
form,  sliJl  prevails.* 

The  great  amount  of  experimental  and  theoretical  work  uixjn 
the  nature  and  cause  of  physiological  oxidations  has  establishe<l 
pretty  clearly  two  general  t»cliefs  which  it  is  important  to  keep 
in  mind.  It  hiLs  l>een  shown,  in  the  first  place,  that  the  amount  of 
the  oxidation  is  governed  by  the  tissue  itself  and  not  by  the  quantity 
of  oxygen  present.  The  \'iew  that  by  incrcai^ing  the  amount  of 
ox>'gen  offeretl  to  the  tissue  the  intensity  of  the  oxidations  can 
likewUe  l)e  increased  was  formeHy  helrl  and  is  still  met  with.  It 
b  often  sup|)osed,  for  example,  that  by  breathing  pure  oxygen  the 
oxidations  of  the  body  may  be  augmented.  On  the  contrary,  the 
facts  indicate  that  when  a  sufficient  supply  of  oxygen  is  provided 
any  further  increase  has  no  immediate  effect  in  aiding  or  hastening 
the  oxidations.  The  intensity  of  the  process  is  conditioned  by  the 
tissue  itself.  The  initial  stimulus  or  suKstance  that  sets  going  the 
whole  reaction  arises  within  the  tissues.  The  second  generalization 
that  seems  to  be  accepted  more  and  more  of  recent  years  is  that  the 
oxidations  of  the  Iwdy,  those  reactions  that  give  ri.sc  to  much  heat, 
do  not  affect  the  living  tissue  itself.  They  take  place  under  the 
influence  of  the  living  matter,  or  by  the  aid  of  substances  (enzymes) 
formed  by  the  hving  matter,  but  the  maleriul  actually  burnt  is  not 
oreanized  living  substance.     As  the  hving  yeast  cells  break  down 

*  Sfle  Fn(fler  and  Weii*Hb©rg,  "  Kritisclie  Stutlien  iilier  die  Vorgange  der 
Auto?(ydalinn,"   lOO-t. 
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sugar  in  the  liquid  surrounding  them,  bo  the  li\ing  tissue  cells  roeub- 
olize  and  oxidize  the  dead  food  material  containe<I  in  the  lymph 
and  tissue  liquid  in  which  they  are  liathed.    The  opjj*»site  pfjint  of 
view  was  ably  advocated  liy  Pfliiger.    This  ol>ser\'cr,  in  fact,  ex- 
plained the  mystery  of  physiological  oxidations  by  assuming  lIuU 
the  oxygen  together  with  the  food  material  is  a^Titliesized  into  tbe 
highly  complex  and  unstable  li\ing  molecules.    The  active  intra- 
molecular movement  within  these  molecules  leads  constantly  tot 
breaking  down,  a  splitting  off  of  simpler  molecules  which  consti- 
tute the  products  of  physiological  oxidation.    The  instability  of 
the  molecule  is  due  to  it^  size  and  the  activity  of  the  intramolecukr 
movement^?,  or,  as  Pfliiger  expressed  it,  "The  intramolecular  heat 
of  the  cell  ia  its  life."    This  point  of  view,  however,  has  not  found 
acceptance  of  late  years.     It  is  implied  or  stated  by  most  recent  | 
authors  that  the  food  material  is  attacked  and  oxidized  out«ide  tha 
living  molecule,  in  the  form  of  fat,  sugar,  protein,  ete.    The  ten-j 
dency  for  many  years  has  been  to  show  that  these  processes  in  tlie' 
body  are  chemical  changes  that  do  not  differ  fundamentally  frooij 
siniilar  j)roces8es  outside  the  body.    The  point  of  view  actuall] 
adopted  by  most  workers  is  that  the  living  matter  effects  \Xs  won- 
derful changes  in  the  food  material  with  the  aid  of  intracellular 
fernient,s  or  enzymes.    That  such  enzymes  are  formed,  one  may  sa/i 
generally  in  the  tissues  of  the  body,  has  been  brought  out  in  tbe  pi 
ceding  chapters  upon  Digestion  and  Nutrition.    It  is  necessar>*  oi 
to  recall  the  facta  that  lipase,  the  fat-splitting  enzyme,  has  been 
lated  from  many  tissues,  and  that  in  the  liver  and  muscles  and  prob-j 
ably  other  tissues  there  exist  enzymes  capable  of  converting  glycogc 
to  sugar  or  the  reverse,  and  of  destroying  the  sugar  completely  by  tl 
serial  action  of  several  intracellular  enzymes.    Finally,  with  regani 
the  protein  material  it  is  now  recognized  that  proteolytic  enzyn« 
are  formed  within  many,  if  not  all.  of  the  living  tissues.     This  iH>int 
is  demonstrated  by  the  fact  of  autobjsis. — that  is,  if  living  tissue 
taken  from  the  body,  with  precautions  against  contamination  b] 
bacteria,  and  while  under  perfect  aseptic  conditions  is  kept  W5 
and  moist,  it  will  digest  itself.     The  proteid  is  split  up  into  tl 
same  simple  hydrolytic  pro<lucts  as  are  obtained  by  boiling  it  wil 
acids.     It  has  been  shown  that  this  digestion  is  due  to  enzxTni 
autolytic  enz>nnes — fonnetl  within  the  living  tissue.    There  is 
doubt,  therefore,  of  the  existence  of  intracellular  enzj-mes.  and  ll 
these  substances  play  a  conspicuous  part  in  the  rnetaboliam  of  fo 
material.     The  lipase,  the  diastase,  and  the  autolytic  enzymes  ji 
referred  to  all  belong  to  the  group  that  cause  hydrolytic  cl^ivaj 
that  1%  they  induce  splitting  or  decomposition  of  the  materiul  b] 
a  reaction  with  water.    The  supposition  has  naturally  been  ma( 
that  probably  the  oxidations  of  the  body  are  effected  also  by  enzy 
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which  in  some  way  activate  the  oxygen.  Enzymes  of  this  char- 
acter have  been  founil;  they  are  desigriated  in  general  as  oxidasea  or 
as  oxidases  and  peroxidases,  the  former  term  referring  lo  those 
enzymes  that  effect  oxidations  in  the  presence  of  oxygen,  while 
the  latter  is  applied  to  certain  enzymes  supposed  to  act  only  in  the 
presence  of  peroxids.  The  most  conspicuous  of  the  oxidases  found 
in  the  animal  body  is  the  one  capable  of  oxidizing  aldehydes  (sal- 
icylic or  benzoic  aldehyilel  into  the  corresponding  acids,  and  hence 
designated  specifically  as  aldehydtise.  This  enzyme  has  been 
extracted  especially  from  the  liver,  hmg,  and  spleen.  An  oxidase 
known  as  ttjrosinase,  first  foun<l  in  plant  juice,  has  also  been  isolated 
from  animal  tissues.  It  oxidizes  lyrosin  with  the  fonnation  of 
homogentisinic  acid.  So  also  oxidases  are  cicscril>ed  capable  of 
oxidizing  xanthin  to  hypoxanthin  or  to  uric  acid.*  The  process 
of  destructive  metabolism  of  sugar  in  the  body,  glycolysis,  may 
be  effected,  it  will  be  remembered,  by  the  tissue  juices  squeezed 
from  tbe  organs,  or  even  by  extracts  of  the  tissues  of  muscle,  liver. 
etc.  It  may  well  be  believed,  thei-efore.  that  the  oxidation  of 
this  most  important  food  nuiterial  is  iiccumplished  l)v  the  action 
of  one  or  more  enzymes.  Such  farts  as  these  lend  great  probability 
to  the  lielief  that  eventually  it  will  lie  shown  that  the  oxidations  in 
the  body  are  effected  by  the  inliuenre  of  oxidases  or  peroxidases 
acting  singly,  or  in  ron»l>inati(»n,  or  m  setpience  with  the  hydrolytic 
enz>Tnes. 

While  it  is  perfectly  obviou.s  that  more  facts  are  needed  before 
positive  statements  are  warranted  regarding  the  chemistry  of  the 
oxidations  in  the  IxkIj'.  the  view  entertained  reganling  the  general 
process  in  the  body  is  that  the  material — protein,  fat.  or  carl)ohy- 
drate — is  first  split  into  simpler  pi-oducts  by  the  action  of  a  liy- 
drolytic  enzyme,  or  a  series  of  hydrolytic  enzyme.s.  formed  in  the 
cells.  These  reactions  are  not  attende<l  by  any  marked  formation 
of  heat.  The  split  products  thus  prfwlucod  are  then  acted  upon  by 
oxidases  with  the  formation  of  certain  intcTrnediale  products  and 
eventually  of  carlwn  dioxid,  water,  etc.,  and  the  lilx*ration  of  heat. 
A  specific  instance  of  this  serial  action  has  l»een  piven  in  reference 
to  the  oxidation  of  sugar  (p.  824):  According  to  Stoklasa,  the  sugar 
is  first  split  into  lactic  acid.  an<l  this  into  carl>on  dioxid  and  alcohol; 
the  alcohol  then  by  the  action  of  a  series  of  oxidases  is  oxidized  to 
acetic  arid,  formic  acid,  carl>on  dioxid,  and  water.  From  our 
present  standpoint,  the  production  of  heat  in  the  body,  it  is  impor- 
tant also  to  l^ear  in  mind  the  general  \*iew  advocated  by  Speck  and 
others — namely,  that  the  chemical  changes  or  metabolism  of  the 
body  may  be  divided  into  two  general  classes:  first ,  the  heat-produc- 
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ing  metabolism,  which  results  finally  in  the  oxidation  of  the  great 
mass  of  the  food  material  and  which  is  essential  for  the  production 
of  body  heat,  and,  second,  the  tissue  metabolism  proper — that  is. 
the  synthesis  and  disassimitation  of  the  living  substance  itself. 
This  latter  metabolism  varies  probably  in  the  different  tissues; 
it  is  concerned  with  the  building  up  and  breaking  down  of  the  living 
machinery  and  is  attended  by  the  absorption  as  well  as  the  liberation 
of  heat,  and  the  energy  necessary  for  effecting  these  reactions  is 
obtained  from  the  heat  energy  liberated  by  the  oxidation  processes. 
In  this  last  thought  there  is  contained  a  suggestion  which  may 
serve  as  an  explanation  of  the  fundamental  value  of  the  physiolog- 
ical oxidations  to  the  body.  It  may  be  supposed  that  these  oxidar 
tions  furnish  the  energy  necessary  for  the  anabolic  or  synthetic 
metabolism  of  living  matter.  In  those  organisms  or  cells  that 
lead  an  anaerobic  existence — that  is,  an  existence  in  the  absence  of 
free  oxygen — the  energy  necessary  for  the  process  is  obttdned  per^ 
haps  from  hydrolytic  changes  alone. 


SECTION  IX. 


THE  PHYSIOLOGY  OF  REPRODUCTION. 

With  the  exception  of  the  phenomenon  of  consciousness,  no 
fact  of  life  excites  more  interest  iiml  K<»eiiis  to  ofTer  greater  diffi- 
culties to  an  adequate  explanation  thmi  the  funt'tion  of  rrprotluc- 
tion.  The  midc  eel]  (spermatoxmjn^  and  the  fpinale  cell  (ovum) 
unite  to  form  a  new  fell  which  thereupon  l>e.i:ins  to  grow  rapidly 
and  produces  an  orp:ariisin  that  in  all  of  its  nianifcilil  f)eculiaritiea 
of  structure  and  funrlioii  is  cs-sentially  a  replica  of  its  fiarents. 
The  fundamental  problems  presented  in  lliis  act  of  reproduction 
are  those  of  fertilization  and  heredity.  In  (he  former  we  must 
ascertain  why  the  uinon  of  the  two  cells  i.s  necessary-  or  iulvanta- 
geous,  and  the  secret  of  the  Htiniulalin^  inlluence  upon  growth  that 
arises  from  this  union.  Imler  the  term  heivdity  we  express  the  obvi- 
ous, yet  my.steriuus,  fact  that  the  fertilized  ovum  of  each  species  de- 
velops into  a  structure  like  that  of  its  parents.  Bt>th  of  these  im- 
portant problems  are  esj^entially  of  a  physiolop;icai  chararler.— that 
is,  they  deal  with  [jmjherties  of  tlie  living  tnateriHl  composintr  the 
reproductive  celln;  hut.  at  present,  biological  investitzation  along 
these  lines  is  lar^ly  in  the  morphological  stage.  The  part  of  the  sub- 
ject that  can  be  studied  with  most  success  is  the  structural  changes 
that  are  associated  with  fertilization  and  repro<luction.  (Ireat, 
indee^l  wonderful,  [)rogress  has  been  made  durinp  the  last  centur>', 
but  it  is  needless  jwrhaps  to  sjiy  that  nuich  remains  unexplaine<l. 
and  that  in  this,  as  in  so  many  other  problems  of  nature,  the  greater 
our  knowledge  the  clearer  becomes  our  vision  of  the  difliculties  and 
complexities  of  a  final  scientific  explanation.  Outside  these  funda- 
mental problems  there  are  other  accessory  functions  connectetl.  for 
instance,  with  the  external  genital  organs  which  in  a  measure  are  of 
more  inmietliate  pnictical  interest.  In  one  way  or  another  these 
functions  are  nece.ssar>'  or  helpful  to  the  final  union  of  the  repro- 
ducti\'e  cells.  They  fonn  a  |)art  of  the  repnMluciive  life  which  comes 
more  immediately  umler  our  obsenation  and  control,  and  consti- 
tute, therefore,  a  subject  which  has  been  more  accessible  to  in- 
vestigation. In  the  brief  treatment  given  in  the  following  chap- 
ters more  emphasis  is  laid  uj>on  this  side,  the  accessor)'  phenomena 
of  reproduction,  than  upon  the  deeper,  more  fundamental   prob- 
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lems,  in  vjew  of  the  fact  that  theacceasor>-  phenomena  are  thpCRWi 
which  have  at  present  the  greater  practical  interest. 

The  function  of  reprofluotion  is  often  omitted  from  physiolog- 
ical courses,  and  the  reason  perhaps  is  i>artly  that  the  stnictuiil 
features  and  the  development  of  the  embryo  have  been  assigned  to 
the  department  of  anatomy,  and  ptirtly  because  it  is  a  funcliott 
not  essential  to  the  maintenance  of  the  existence  and  reactioiiB  dt 
the  organism.  The  reprotiuctive  organs  might  be  eliminated  en- 
tirely and  the  power  of  the  bod}*  as  an  organism  to  maintain  it« 
individual  existence  not  be  seriously  interfered  with.  The  ph>*aio- 
jogical  importance  of  the  reproductive  organs  lies  not  in  their 
co-operation  in  the  communal  life  of  the  various  parta  of  the  body, 
but  in  their  adaptation  to  produce  another  similar  being.  W( 
may  explain,  therefore,  the  co-ordinating  mechanisms  of  the 
body  without  reference  to  the  reprotiuctive  tissues,  except  so  fur 
as  their  supix)sed  internal  secretions  a£rect  general  or  specific 
metabolism. 


I 


CHAPTER   LIT. 


PHYSIOLOGY  OF  THE  FEMALE  REPRODUCTIVE 
ORGANS. 

The  Graafian  Follicle  and  the  Corpus  Luteum. — The  functioi 
value  of  the  ovar>*  is  connected  with  the  formation  and  rupti 
of  the  Graafian  follicles,  whereby  an  ovum  is  liberated.     The  pi 
niordial  follicles  consist  of  an  ON-nm  surroundetl  by  a  layer  of  ft 
Hcuiar  epithelium,     lieginning  at  a  certain  time  after  birth  ai 
continuing:  throughout  the  period  of  active  sexual  life,  some  of  tl 
primordial  follicles  develop  into  mature  Clraafian  follicles  and  mi 
gnite  to  the  surface  of  the  ovan%     The  change  consists  in  a  pn> 
liferation  of  the  follicular  epithelium  and  the  fonnation  of  a  seroi 
litjuid.  the  liquor  follicttli,  between  the  layers  of  this  epitheJii 
In  the  matured  follicle  there  is  a  connective  tissue  covering. 
theca  jolUculi,  formed  from  the  stroma  of  the  ovant-  and  consistii 
of  two  coats  or  tunics — the  external  and  the  internal.    The  eel 
in  the  internal  tunic  develop  a  yellowish  pigment  as  the   follic 
grows,  and  are  sometimes  designated  as  lutein  cells.     Within  ll 
capsule  formed  by  the  internal  tunic  there  is  a  layer  of  follicul 
cells  known  as  the  mcnibromi  granulosa  and  attached  to  one  sii 
18  a  mass  of  the  same  cells,  the  disais  proiigrrue—whh'in  whii 
the  ovum  is  imV>edded.    The  foUicidar  liquid  lies  lietween.     Tl 
liquid  increases  in  amount,  and  when  the  follicle  hah  reached 
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surface  it  forms  a  ve8iclp  projeftinK  to  the  exterior.  This  projecting 
portion  is  nearly  blouilless  aiui  thinner  than  the  rest  of  the  wall  of 
the  follicle,  it  is  designated  as  the  stitpna.  When  fully  mature  the 
follicle  ruptures  at  the  stigma  anil  tlie  egg,  together  with  the  siir- 
rouuding  follicular  cells  of  the  discus  proligerus  and  a  p<jrti*jn  of  the 
membrana  granulosa,  is  extruiied,  the  egg  lieing  received  into  the 
open  end  of  the  Fallopian  tul>e.  Acconhng  to  Clark,*  the  niptiire  of 
the  follicle  is  brought  about  by  an  increasing  vascular  congestion 
of  the  ovary.  The  tensifm  vvilliin  the  ovary  Ls  thereby  increased, 
the  follicle  is  forced  to  the  Kiirface.  and  tlie  circidation  at  the  most 
projecting  ix>rtion  is  interfered  with  to  auch  an  extent  as  to  cause 
necrotic  change«  at  theMtignia,  at  which  rui>ture  finally  occurs.  After 
the  bursting  of  the  ft>llicle  its  walln  cnltapse,  and  the  central  cavity 
receives  also  sftnie  blood  innn  the  ruptured  vessels  of  the  theca. 
Later  on  the  vesicle  becomes  tilled  with  cells  containing  a  yellow 
pigment.  These  cells  increase  rapitlly  and  form  a  ft\stooned  border 
of  increasing  thickness  around  the  central  blood  clot.  'I'he  vesicle 
at  this  stage,  on  account  of  the  yellow  color  of  the  new  cells,  is 
known  as  a  corpus  hiteum.  The  stnicture  thus  formed  increases 
in  size  for  a  period  and  then  undergoes  retrogressive  changes  and 
is  finalh'  completely  absorbed.  The  duration  of  the  ix'Hod  of  growth 
and  retrogression  varies  according  as  the  egg  lilx^rated  becomes 
fertilized  or  not.  If  fertilization  dt)es  not  occur,  as  is  the  case  in 
the  usual  monthly  i>eriods,  the  corpus  hiteum  reaches  its  maximum 
size  within  two  tn  thn^^  weeks  and  then  logins  to  be  absorlietl. 
It  is  fre(|uently  designatetl  under  these  circumstances  as  the  false 
corpus  luteuni  (corpus  luteum  spurium)  or  corpus  hiteum  of  men- 
stnmtion.  In  case  the  egg  is  fertilized  and  the  woman  becomes 
pregnant  the  life  historv'  of  the  corpus  luteum  Ls  much  prolonged. 
Instead  of  undergoing  ab^vrpliim  after  the  third  week  it  continues 
to  increase  in  size  by  multiplication  of  the  lutein  cells  during  the 
firet  few  months  of  f)rcgnancy,  ami  does  not  show  retmgressive 
changes  until  the  sixth  montii  or  later.  The  total  size  of  the  corpus 
in  Rxich  cases  is  much  larger  than  in  menstrual  ton,  and  it  waii  des- 
ignated, therefore,  by  the  older  WTiters  as  the  true  corpus  luteum 
(corpus  luteum  venim)  or  corpus  luteum  of  pregnancy.  I^ter 
observ'ers  agree  that  there  is  no  essential  ilifference  in  structure 
l>etween  the  tnie  and  the  false  corpus  luteum.  although  the  former 
haa  a  longer  histor>'  ami  attaiits  a  greater  size.  The  point  of 
greatest  stnictural  interest  in  the  corpus  luteum  Ls  the  origin  of  the 
yellow  (lutein)  cells.  HLstologists  have  been  and  still  are  divided 
upon  this  point;  some  believe  that  they  arise  from  the  cells  of  the 
membrana  granulosa,  others  that  they  come  from  the  connective 
tissue  cells  in  the  internal  capsule  (theca  interna)  of  the  follicle. 
♦Clark,  "Johns  Hopkins  Hospital  Report*,"  7,  181,  189&. 
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The  majority  of  writei-s  seem  to  favor  the  latter  view.*  Rej^aMmp 
the  physiological  importiince  of  the  corpus  opinions  also  tMer. 
Some  regard  it  as  simply  a  protective  mechanism  by  means  of 
which  tlie  empty  space  in  the  follicle  is  fiUeti  up  by  a  tissue  which  i» 
afterward  easily  absorbed,  instead  of  by  scar  tissue.  Others,  how- 
ever, attribute  to  the  lutein  cells  secretory*  functions  of  the  nuxt 
important  character  in  connection  with  the  suliseqtient  tJeveloj)- 
ment  of  the  egg  and  the  activities  of  the  uterus.  Some  reference 
will  be  made  to  these  views  farther  on. 

Menstruation. — The  attainment  of  sexual  maturity  or  puberty 
is  marked  by  a  numl)er  of  xisible  changes  in  the  body,  but  iii  the 
female  the  characteristic  cliange  is  the  appearance  of  the  men- 
strual flow  from  the  uterus.  The  age  at  which  this  phenomenon 
occurs  shows  many  individual  variations,  but  the  average  for 
temperate  climates  is  given  usually  at  14  to  15  A'ears.  In  the 
warmer  countries  the  age  is  earlier, — S  to  10  years, — an<l  in  the  coM 
r^ions  somewhat  later, — 16  years.  The  racial  characteristic  in 
tliis  resj^ct  is  said  to  be  maintained,  however,  after  generations  of 
residence  in  countries  of  a  different  climate,  as  is  illustrated  by  tlie 
relatively  early  appearance  of  menstruation  among  Jews  even  in 
the  colder  countries.  After  the  phenomenon  appears  it  occurs  &t 
regular  intervals  of  2S  days,  more  or  Iciis,  and  hence  is  known  as 
the  monthly  period,  menses,  menstruation,  or  catameiiia.  The 
interval  is  not  aljsolutely  regular,  and  sliows  many  iudixidiial 
variations  wtliin  limits  which  may  be  placed  at  20  to  35  days. 
Absence  of  the  menstrual  flow  is  designated  as  a  condition  of  amen- 
orrhea. Certain  premonitorj'  cj^mptoms  usually  precede  the 
apjHuu'ance  of  the  menses,  such  as  pains  in  the  back  or  head  or 
a  general  feeling  of  <lisconifort,  although  in  some  cases  these  s'  ' 
tonis  are  absent.  When  these  ])remoiiitory  wy inptoms  are  unu-  ; . 
painful  or  serious  and  the  flow  is  diliicult  or  irregular  the  condition 
is  designated  as  dysmenorrhea.  The  flow  begins  with  a  discliar]ge  of 
mucus,  which  later  becomes  mL\e*l  with  blood.  The  quantity  of 
blood  lost  is  subject  to  individual  variations,  but  it  may  amount  to 
as  much  as  UK)  to  200  gms.  The  flow  continues  for  3  or  4  days 
and  then  sul>sides.  Under  normal  conditions  this  phenomenon 
occurs  regtdarly  throughout  sexual  life, — that  Ls,  during  the  ]■  '  ' 
in  which  conception  is  possible.  If  fertilization  occurs  tin 
ceases  nonually  during  pregnancy  and  the  period  of  hictation.  At 
the  forty-fifth  to  the  fiftieth  year  the  flow  disappears  pemianentlv, 
and  this  change  marks  what  is  known  as  the  natural  menojDoase, 
climacteric,  or  change  of  life.  The  change  is  sometimes  alirupt, 
sometimes    verA'    gradual,    being     preceiletl    by    irregularities    in 

•For  di^oiission  and  literature  sve  Marshall,  "tjuarteriy  Jotimal  Mjrro- 
Bcopical  Science."  1905.  xlix.,  IHU:  and  Loeb^  "Journal  of  tlif  Ainencia 
Medical  Atuwciuiion, "  I90G,  .\lvi.,  416. 
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menstruation,  and  it  is  not  infi*equently  ussociateil  with  psychical 
and  physical  disturbances  of  a  serious  character.  If  at  any  lime 
during  sexual  life  the  ovaries  are  completely  reniovetl  by  surjiical 
operation  menstruation  is  l>rought  to  a  close,  this  condition  being 
designated  as  artificial  menopause. 

Structural  Changes  in  the  Uterus  During  Menstruation. — Men- 
struation is  a  phenomenon  of  the  uterus.  The  lining  mucous  mem- 
brane, the  endometrium,  in  the  peritwi  of  four  or  five  <lays  preceding 
the  flow,  l>ecomes  rapidly  thicker  and  its  sujx;rficial  layers  are  con- 
gesteii  with  bloo<i,  and  indeetl  in  places  small  collections  of  blood 
may  be  noticed.  Opinions  differ  very  much  as  to  the  change  under- 
gone by  this  thickenetl  membrane  during  the  flow.  According  to 
some  authors,  most  of  the  membrane  is  thrown  off  and  the  blood 
escapes  from  the  denuded  surface  mL\e<l  with  pieces  of  the  mem- 
brane. According  to  others,  no  material  destruction  of  the  mem- 
brane occurs,  the  blooil  that  escapes  l>eing  liue  to  small  capillary 
extravasations  or  [x^rhaps  mainly  to  a  process  of  diapedesis.  It 
would  seem  that  the  amount  of  destruction  of  the  endometrium 
must  be  subject  to  individual  variations.  After  the  cessation  of 
the  flow  the  mucous  membrane  is  rapidly  repaired  by  regenerative 
changes  in  the  tissues;  the  surface  epithelium,  if  denuded,  is  re- 
placed by  prolifer.itinn  of  the  cells  lining  the  uterine  glands  and 
the  tliickened,  edemat4)us  condition  of  the  nioinbrane  mpidly  sul)- 
sides  during  a  period  of  six  or  seven  days.  While  the  escafje  of 
blood  takes  place  only  from  the  surface  of  the  uterus,  the  other 
reproductive  organs — the  ovary,  the  Fallopian  tubes,  and  even  the 
external  genital  organs — share  to  some  extent  in  the  vascular  con- 
gestion exhibiteil  by  the  uterus  (luring  the  |ieri(Kl  preceiling  the 
menstrual  Mow.  The  nmcous  menibmne  of  the  uterus  may  be  said 
to  exhibit  a  constantly  recurring  menstrual  cycle  which  falls  into 
four  periods:  (1)  Period  of  growth  in  the  few  (5)  days  preceding 
menstruation,  characterized  by  a  nipid  increase  in  the  stroma, 
blood-vessels,  epithelium,  etc..  of  the  membrane.  (2)  The  men- 
struation or  perioil  of  tlegeneration  (4  days),  during  which  the 
capillary*  hemorrhage  takes  place  Jind  the  epitlielimn  suiTers  de- 
generative changes  ami  is  cjLst  off  more  or  less.  (3)  The  perioil  of 
regeneration  (7  days),  during  which  the  mucous  membrane  n?tunis 
to  its  normal  size.  (4)  The  period  of  rest  (12  days),  during  which 
the  endometrium  remains  in  a  quieseent  eondition. 

The  Phenomenon  of  Heat  (CEstrus)  in  Lower  Mammals. — 
The  phcnumeimii  known  as  heat  in  lower  manmials  resembles,  in 
many  essential  res|HH'ls,  menstruation  in  human  beings,  and  they 
may  be  regarded  as  homologous  functions.  Heat  is  a  period  of 
sexual  excitement  which  occurs  f>ne  or  more  times  tluring  the  year 
and  during  which  the  female  will  take  the  male.    The  condition 
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lasts,  as  a  rule,  for  several  days,  and  in  the  female  is  accompanied 
by  changes  which  resemble  those  of  inenstniation.  The  exteniAJ 
genital  organs  L>ecome  swollen  and  in  many  animals  there  is  a 
discharge  of  mucus  or  mucus  and  blood  from  the  uterus.  Hi 
tologically  the  mucous  membrane  of  the  uterus  undergoes  ohanj 
similar  to  those  of  menstruation — that  is.  the  membrane  inrreafa' 
in  size  and  becomes  congested  with  blood — and  it  exhibits  a  phase 
of  degeneration  during  which  some  of  the  epithelial  lining  may  k 
cast  off  and  some  hemorrhiige  occur.  As  in  the  rase  of  the  nien- 
strual  period,  the  heat  period  or  ce^trous  cycle  may  I*  divided  into 
four  subperiods  (Marshall  ami  Jolly):  the  pro<riitniTn.  during  whirh 
the  genital  organs  are  conges^ted  and  bleeding  occure,  corresp-onds 
with  menstruation:  the  a'8t7V.%  the  period  of  sexual  desire:  the 
meto'strum,  the  period  of  repair  and  return  to  normal  conditions, 
and  the  anfestrum,  the  period  of  rest.  If  sexual  union  is  prevented 
during  thi:^  period  heat  parses  away  in  a  few  days,  but  recurs  aeiim 
at  intervals  which  vary  in  the  different  manmials:  4  weeks  in  the 
monkey,  mare,  etc.;  3  to  4  weeks  in  the  cow;  2i  to  4  weeks  in  the 
sheep;  9  to  18  days  in  the  sow:  12  to  16  weeks  in  the  bitch,  etc. 
The  recurrence  of  the  period  under  these  circumstances  suggests 
at  once  the  esscnitial  resemblance  to  the  monthly  periods  of  wometi. 
Aucording  to  Heapc's  most  interesting  obser\'ations  upon  monkeys 
(Semnopithecus),*  some  of  these  animals  show  a  regular  monthlv 
flow  lasting  for  4  days,  except  when  conception  takes  place  The 
changes  during  heat  must  be  considered  as  physiologically  bft- 
mologous  to  those  of  menstruation.  The  sexual  excitement  that 
attends  the  condition  in  the  lower  animals  is  not  dLstincily  repre- 
sented in  man.  altliough  it  is  commonly  said  that  in  the  period  pre- 
ceding or  following  menstruation  the  sexual  desire  is  stronger  than 
at  other  limes,  but  in  the  changes  undergone  by  the  uterus  and  the 
fact  that  these  changes  are  connected,  as  a  rule,  with  the  lil)eratioD 
of  an  e^  from  the  ovar}'  (ovulation),  the  two  phenomena  are 
phy.siologically  similar. 

Relation  of  the  Ovaries  to  Menstruation. — It  appears  to  he 
clearly  denionstratetl  Unit  the  phenomenon  of  menstruation  ie  de- 
pen(ient  upon  a  periodical  activity  in  the  ovaries.  Wlien  the 
ovaries  are  completely  removeii  menstruation  eeaaes  (artificifll 
menopause)  and  the  uterus  undergoes  atrophy.  When  the  ovaries 
are  congeni tally  lacking  or  rudimentary',  a  condition  of  amenorrhea 
also  exists.  These  facta  and  the  connection  of  the  ovaries  with 
menstruation  are  further  corrolx)rated  in  a  striking  way  by  experi- 
ments ujxin  trans|)lantatif>n  or  grafting  of  the  ovar}'.  This  experi- 
ment has  Ijeen  perfomiwi  uixin  lower  animals  (apes)  as  well  as  upon 

•Hrarc.   '  Philoeophical  Traneactions.  Roval  Society."  185  fB).  18M, 
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iUTn:ui  beings.  Komoval  of  l>ntli  ovaries  iti  apes  is  fr>llovvo(l  l)V  a  ces- 
sation of  menstruation.  Transphntation  of  an  ovaiy  vinUer  the  i?kin 
serves  to  maintain  menstruation,  hut  if  subsequently  removed  this 
function  tlisapi^ears.*  In  the  human  Ijeiu^  Morris  and  (ilass  ol>- 
tained  similar  result,s.t  An  ovur)'  or  a  piece  of  an  ovary  truus- 
planteU  into  the  uterus  itself  or  ihe  broad  ligament  caused  a  re- 
turn of  the  raenstrual  periods  which  hati  ceased  after  surgical  re- 
moval of  the  glands,  or  brought  on  free  menstruation  in  conditions 
of  amenorrhea  or  dysmenorrhea. 

Many  views  have  been  proposed  to  explain  this  relationship 
between  ovar\'  anil  utcnis.  In  most  ca^es  it  has  l>een  assumed 
that  the  menstruation  in  the  uterus  is  comiected  with  the  act  of 
ovulation, — that  is,  the  rijxjning  ami  itischarge  of  a  ( iroafian  follicle. 
G^Tiecologists,  it  is  true,  Iiave  acctunulale<l  fact^s  (o  show  that  ovu- 
lation may  occur  independently  of  menstruation,  but  no  one  doubts 
that,  as  a  rule,  the  two  acts  occur  togetlier,  not  simultaneously  but 
in  a  definite?  sequence,  and  that  the  significance  of  menstruation  is  to 
be  found  in  its  physiological  tlependence  upon  the  fate  of  the  ovum. 
It  was  i)elieved  at  first  that  the  processes  in  the  ovary  influence  the 
uterus  by  a  nervous  reflex,  Tliis  \new  finds  its  most  complete 
expression  in  the  theory  formulatetl  by  Pfliiger.  According  to  this 
physiologist,  the  congestion  of  the  titerus  which  leads  to  men-strua- 
tion  and  the  congestion  of  the  ovar>'  which  leaiis  to  ovulation  are 
both  reflex  vasodilator  effects  due  to  the  mechanical  stimulation 
of  the  sensor)'  nerves  of  the  ovary  by  the  growth  in  size  of  the  fol- 
licle. As  this  stnicture  develops  the  mechanical  stimulus  increases 
in  intensity,  the  congestion  in  both  organs  becomes  more  pro- 
nounced and  lea<ls  finally  to  the  Inirsting  of  the  follicle  and  the 
hemorrhage  in  the  uterus.  This  very  attractive  thcori-  does  not, 
however,  acconl  with  the  facts.  Goltz  and  ReinJ  have  shown  by 
expierimentfi  upon  dogs  that  when  the  nerves  going  to  the  uterus 
are  completely  severed  from  their  central  connections  the  animals 
can  be  fertilized,  l^ecome  pregnant,  and  give  birth  to  a  litter  of 
young.  Moreover,  the  e\]>erimeiit?  upon  transplantation  referred 
to  alxjve  seem  to  show  quite  conclusively  that  a  nervous  connection 
ianot  essential  to  the  influence  that  the  ovar>'  exerts  upon  the 
utenis.  The  pn\sent  view,  therefore,  is  that  this  influence  is  exertetl 
through  the  blood, — the  other  great  system  connecting  the  organs 
with  one  another.  The  usual  assumption  is  tliat  the  ovaries  form  an 
internal  secretion  which  is  given  to  the  blood  or  lymph  and  upon 
reaching  the  uterine  tissues  ser\'es  to  stimulate  the  mucous  mem- 
brane to  a  more  active  growth.    This  theor\'  hafi  l>een  elaborated 

•  Hjilhan.  "Doutache  Gf.*ieIUclmft  f.  Gyiuikol.  "  9.  1901. 

tOliuw.  "Mfxlicjil  \«'ws,"  5L»3,  1899;  MorrU.  "MeUirjiJ  lleconl,"  83,  1901. 
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most  fully  perhaps  by  Fnienkcl*  who  l^elieves  that  this  internal 
seci-etion  is  funiitiUetl  hy  the  yellow  cells  of  the  corpus  liiteutn. 
This  observer,  from  the  i-esults  of  operations  upon  women,  believes 
that  tlie  ovum  is  nnrtiiully  'lischargetl  two  weeks  before  menstrua- 
tif)n.  au(i  the  i-esultinii  increiwsed  activity  of  the  cells  of  the  cor|)U3 
kiteum  is  respouj^ible  for  tlie  secretion  which  stimulates  the  uterus 
to  tlie  aupmerited  growth  that  takes  place  in  the  premenstrual 
period.  In  the  lower  animals  Marshall  and  Jolly  f  have  been  able 
to  show  that  extracts  of  the  ovaries,  taken  from  an  animal  in  or 
just  Ijefore  heat  (pi-orrstrous  or  ri'strous  period),  when  injected  into 
an  animal  during  the  anoestrum  bring  on  a  transient  condition  of 
heat.  These  authors  do  not  Wlieve,  however,  that  the  chemical 
siimulus  (hormone)  formed  in  the  ovarj'  is  <ieve!oped  by  the  cells 
of  the  corpus  luteum,  since  according  to  their  observations  on  cats 
and  do^s  ovulation  does  not  occur  until  after  heat  has  l>egun  (pro- 
(pstrum). 

The  Physiological  Significance  of  Menstruation. — Naturally 
many  views  have  f>cen  ])ro|)o.'?ed  to  explain  the  significance  of  men- 
struation. Accordiiig  to  the  Mosaic  law,  it  is  a  process  of  piu-ifica- 
tion;  others  have  seen  in  it  a  mechanism  to  remove  an  excels  of 
nutriment  in  the  body;  but  since  the  period  in  which  our  knowl- 
edge of  the  stnicture  of  the  organs  concerned  and  of  the  histo- 
logical changes  dtiring  the  act  became  more  definite,  theories  of  the 
meaning  of  menstniation  have  usually  assumed  that  it  is  a  prepara- 
tion for  the  reception  of  the  fertilized  ovum.  These  views  have 
taken  two  divergent  forms  according  as  the  act  of  ovulation  waa 
believed  to  precede  or  to  hap(>en  simultaneously  with  or  sulise- 
tiuently  to  the  act  of  menstruation.  According  to  one  view,  the 
swelling  and  congestion  of  the  membrane  eonstilute  a  prepara- 
tion for  the  reception  of  the  fertilizetl  ovum.  If  the  o\iim  fails  of 
fertilization,  then  degenerative  changes  ensue,  and  the  membrane 
or  a  iKirtion  of  it  is  cast  off  in  the  menstnial  flow,  while  the  re- 
mainder is  absorbed.  According  to  this  view,  menstniation  is  an 
indication  that  fertilization  has  not  taken  plac<»4  This  view- 
falls  in  with  the  l^elief  that  ovulation  nomjally  prei'edes  menstnia- 
tion by  a  considerable  interval.  The  other  jM)int  of  view  was 
advocated  es|>eci!il]y  by  Pfliiger  in  conne<'tion  with  his  theory^  of  tlie 
common  cause  of  ovulation  and  menstruation.  He  assumed  thai 
menstniation  occurs  before  the  ovum  reaches  the  uterus  and  that 

♦I'raenkpl,  "  Arcliiv  f.  Gyimkolopic."  68  2.  IfHW.  See  alao  Ihm, 
"  Monau«i.Hrhrift  f.  Gcburt^halfo  ii.  Gyniikol./'  21,  516.  1905,  for  tliscuKsion 
rtn<i  ••xtcnt-ivc  litcraiuro. 

t  Mnnilijill  and  Jollv.  "Philosophical  TranBactionfl.  Royal  Sooiety," 
Umdon,    190r>.   B.  cxcviii..  99. 

t  This  view  finds  expression  in  tlir  npliorismp:  "Wrunrn  mfnutniate 
t>«>cau«e  they  do  nut  conceive, "  Powers,  and  "The  nienfitrual  cri««  is  the 
physiological   horaologiie  of  parturition,'*  Jacobi. 
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its  physiological  value  lies  in  the  fact  that  a  raw  surface  is  thus  made 
up4»n  which  the  ovum  is  grafted.  Menstruation,  according  to  him. 
is  an  oporjition  of  nature  for  the  grafting  of  the  fertilized  ovum 
upon  the  maternal  organism.  This  view  finds  considerahlr  support 
in  the  fact  that  in  Si>me  of  the  lower  animals  (dogs)  the  flow  of 
bloofl  (pnxrstrum)  precedes  fertilization. 

The  Effect  of  the  Menstrual  Cycle  on  Other  Functions. —  It 
is  natural  to  .suppose  that  sucli  marked  changes  ns  occur  in  the 
ovary  and  uterus  during  the  menstrual  cycle  shouM  have  an  in- 
fluence upon  other  parts  of  the  body.  As  a  matter  of  fact,  it  is 
known  that  in  geneml  the  sense  of  well-being  varies  witli  the  phases 
of  the  cycle.  At  the  time  of  or  in  the  i>eriotl  just  precetiing  the 
menstrual  flow  there  is  usually  a  more  or  less  marked  sense  of  ill- 
being  or  despouilency,  and  a  diminution  in  general  eUieiency. 
Among  the  various  obsen'ations  made  by  objective  methods  upon 
the  functions  of  the  dilTerent  organs  during  these  |)eriods  the  most 
significant,  probably,  are  those  ujxju  blood-pressure.  Accortling 
to  Mosher.*  the  bloml-pressure  falls  at  the  time  of  the  menstrual 
l>Bri<x]s.  Tiie  curves  obtained  in  these  ex f>erim cuts  are  not  entirely 
regular,  but  at  or  neiir  the  menstruation  the  blood-pressure  falls 
slowly,  the  ma.ximum  fall  being  coincident  with  the  appearance  of 
the  flow.  It  would  seem  probable  that  the  fall  of  general  blood- 
pressure  is  due  tlirectly  to  the  viiscular  diliitjition  in  tiie  genital  or- 
gans and  in  turn  is  responsible  for  some  of  the  secondary  plienoinena 
observed  in  the  organism  as  a  whole.  It  is  very  suggesti\'e  to  find 
that  the  author  quoted  above  obtained  similar  periodical  falls  in 
blood-pressure  in  men,  suggesting  the  idea  that  has  fretjuently  been 
e.\presse<L  that  in  man  as  well  as  woman  there  is  a  rhythnueal 
activity  of  the  genital  organs,  a  reproductive  cycle  that  in  man 
may  he  referred  to  the  development  and  extrusion  of  the  sperma- 
tozoa in  the  testis,  as  in  wouian  it  is  connected  with  the  growth  and 
expulsion  of  the  ova  in  the  follicles  of  the  «ivary. 

The  Passage  of  the  Ovum  into  the  Uterus.— The  means  by 
which  the  ovum  gains  entrance  to  the  Fallopian  tubes  has  given 
rise  to  much  speculation  and  some  interesting  experiments.  It 
was  foniterly  lx*lieve<i  (Hallcr)  that  at  the  time  of  ovulation  the 
fimbriated  end  of  the  Fallopian  tube  is  brought  against  the  ovary, 
the  movement  l>eing  due  to  a  congestion  or  a  sort  of  erection  of  the 
fimbriff.  This  mtnement  has  not  t>een  observed,  and,  as  experi- 
ments show  that  small  objects  intrnduced  into  tlie  pelvic  cavity  are 
taken  up  by  the  tubes,  it  is  believed  that  the  cilia  \ipoii  the  fimbria' 
and  in  Uie  tul>es  may  suffice  to  .set  up  a  current  that  is  sufficient 
to  direct  the  movements  of  the  ovum.  Attention  has  l>een  called 
to  the  fact  that  in  animals  with  a  bicornate  uterus  the  ova  may 
be  liljerated  from  the  ovarj'  on  une  side,  as  shown  by  the  presence 
♦Mosher,  "The  Johns  HopkinH  Hospital  Bulletin,"  1901. 
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of  the  corpora  lutea,  while  the  embrj'os  are  developed  in  the  horn 
of  the  other  side.  As  further  evidence  for  the  same  possibility  of 
migration  it  has  been  shomi  that  the  ovar\'  may  be  excised  on  one 
side  and  the  horn  of  the  uterus  on  the  other  and  yet  the  animal  may 
become  prc^ant  after  sexual  union.  It  would  seem  probable. 
therefore,  that  the  owmi  is  discharged  into  the  peUic  cavity  and 
may  be  caught  up  by  the  ciliarj*  movements  at  the  end  of  the  tube 
on  the  same  side,  or  may  traverse  the  pelvic  cavity  in  the  narrow 
spaces  between  the  viscera  and  be  received  by  the  tube  on  the 
otlier  side.  Such  a  vicv;  explains  the  possible  occurrence  of  tnie 
abdominal  pregnancies,  and  sugjrest^  also  the  possibility  that  ova 
may  at  timers  fail  to  reach  the  uterus  at  all  and  may  undergo  de- 
struction and  absorption  in  the  abdominal  cavity.  In  some  of 
the  lower  animals — the  dog,  for  example^Drovision  is  made  for 
the  more  certain  entrance  of  the  ova  into  the  tubes  by  the  fad 
that  the  latter  entl  iu  connection  with  a  membranous  sac  of  peri- 
toneum which  envelopes  the  ovan*'.  The  sexual  fertilization  of  the 
ovum  is  supposed  to  take  place  shortly  after  its  entrance  into 
the  Fallopian  tube,  since  spennatozoa  have  been  found  in  this 
region,  antl  the  fertilized  ovum,  before  reaching  the  seat  of  it^  im- 
plantation in  the  body  of  the  uterus,  has  begun  its  development. 

By  the  act  of  coitus  the 
spermatozoa  are  deposited 
at  the  mouth  of  the  uterus, 
whence  they  make  their  way 
toward  the  tubes,  lieing 
guided  in  their  movements 
ver>'  probably  by  the  oppos- 
ing force  of  the  ciliar>'  con- 
tractions in  the  uterus.  It 
is  know7i  that  the  cilia  of 
the  tul>e3  an*l  uterus  con- 
tract 80  as  to  drive  inert 
objects  toward  the  va^na 
and  they  carr\'  the  egg  in 
this  direction,  but  the 
spermatozoa,  being  move«i 
by  the  contractions  of  their 
own  cilia  or  tails,  are 
stimulated  to  advance  against  this  ciliar>^  current.  The  act  of  ferti- 
lization of  the  ovum  is  precedes!  by  certain  preparator>'  changes 
in  the  o\Tim  itself  which  are  described  under  the  term  maturatidu. 
Maturation  of  the  Ovum. — The  process  of  maturation  occurs 
before  or  just  after  the  spennatozoon  enters  the  ovum.  At  the 
time  the  latter  is  extruded  from  the  follicle  it  is  a  single  cell  sur- 


-<i 


I 


Kig.  277, — Humnno\Tjm  (Lee,  modified  from 
Naoti);  n,  Nucleu>  (Kcnninnl  veaide)  containing 
ItM  unebfiiil  itucicoluB  (connioftl  spot):  d,  dcu- 
tupUunnio  i<>ne;  p.  proiuplmcmut  xoius;  i,  Bona 
radiAt*;   «,  (tprivitcllm  spa««. 


4/^A^    \       / 


<     V 


.'^^y 


FVc-  378.— tieli«tn«lic  repr«M»itfltu>n    of    the    pnwwa    uecurrina  durinic   oall    dlvisioD. 

(Boveri.) 


S81 


rounded  by  a  layer  of  follinilar  epithelium  forming  the  corona  ra- 
diata.  which  is  subsequently  lost.  The  epp,  proper  consists  of 
c\ioplasm  and  a  nueleuB  or  germinal  vesicle  containing  a  nucleolus 
or  germinal  spot.  Within  the  cytoplasm  is  a  definite  collection  of 
food  material  or  yolk  which  is  sometimes  desi^ated  as  deutoplasm. 
The  whole  structure  is  surrounded  by  a  membrane  known  as  the 
zona  radiate  (Fig.  277).  Before  or  after  the  egg  reaches  the  Fallopian 
tube  its  nucleus  undergoes  the  changes  preparatory  to  a  mitotic 
division.  These  changes  are  essentially  similar  to  those  of  ordi- 
narA"  cell  division  a:s  represente<l  schematically  in  Fig.  27S.  The 
nucleus  ut  first  presents  the  ortlinary  chromatin  network,  and  in 
the  cytoplasm  lies  the  minute  structure  known  as  the  centrosome. 
This  latter  di\ides  into  two  daughter-centrosomes  (h)  which  move 
to  opposite  sides  of  the  nucleus  ami  become  surrountied  by  rays. 
each  centrosome  with  its  radiating  system  forming  an  a^trt>- 
aphere.  The  chromatin  material  in  the  nucleus  meanwhile  has 
collected!  into  larger  threads  known  as  chromosomes  (c).  and 
the  nuclear  membrane  disappe;irs  (</).  The  number  of  chromo- 
somes is  definite  for  each  species  of  anmial.  The  chromosomes 
arrange  themselves  equatorially  between  the  astrosplieres  and  then 
each  divides  longitu<linally  into  two  parts  (/).  These  parts  migrate 
or  are  drawn  toward  their  respective  centroj:omes  {g,  A,  O.and  this 
division  is  followed  by  a  separation  of  the  cytop!a.sm  into  two  parts. 
Thus,  two  daughter-cells  are  formed,  each  containing  the  same 
numl»tr  of  chromosomes  a«  the  parent-cell,  but  only  half  the  amount 
of  chnmxatin  nmterial.  The  cell  division  results  in  a  *iuantitative 
reductiori  of  the  chromatin  material.  In  ordinar>'  cell  division  the 
chromosomes  again  ft>rtn  a  resting  reticulum  and  a  nuclear  mem- 
brane anil  the  chromatin  sui)stance  increases  in  quantity.  In  the 
ovmn  a  similar  cell  divisicm  takes  place  except  that  the  daughter- 
cells  are  ver>'  unefjual  in  size;  one  is  ver>'  minute  and  is  known  as 
the  first  polar  body,  the  other  as  theovnm.  After  the  formation  and 
extnision  of  the  first  |»olar  body,  the  ovimi  again  undergoes  division 
into  two  unequal  halves,  giving  rise  to  a  second  polar  ymdy.  In 
this  dixHsion,  however,  the  chromo.somes  arc  divided  transA*ersely, 
and  the  oATjm  after  the  division  is  left  with  only  half  the  numlier  of 
chromosomes  characteristic  of  the  species.  In  the  fonnation  and 
extnision  of  the  two  polar  bodies  the  matured  o\'um  has  suflereti 
a  quantitative  and  perhaps  a  tpuditative  reduction  in  chromatin  ma- 
terial, and  is  left  with  onty  liaif  its  number  of  chromosomes.  Since 
the  first  polar  body  after  its  separation  may  again  di\ide  into  two 
cells,  the  process  of  maturation  results  in  the  formation  of  four  cells, 
three  of  which  are  i»olar  bodies  and  may  l>e  regarde<l  as  aix)rtive 
ova.  The  fourth,  the  matured  ovum,  retains  practically  all  of  the 
original  cytoplasm,  but  has  lost  a  part  of  its  chromatin  material 
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and,  according  to  Tioveri,  niso  its  ccntrosonie.  The  production 
of  these  four  cells  rariy  l«  i*eprc-sent«tl,  therefore,  by  a  schema  cd 
the  kind  shown  in  Fig.  279.  The  details  of  this  process  of  formn- 
tion  of  the  polur  hodie.s  and  of  reduction  in  chromatin  raateriiil 
diflfer  somewhat  in  different  animals.*  The  process  hiis  not  Ix^n 
followed  in  the  human  ovum,  but  since  it  occurs  in  the  eggs  of  all 
animfil.s  with  sexvuil  reproduction,  so  far  as  they  have  been  studied, 
it  is  justifiable  to  :iasume  that  a  similar  change  takes  place  in  maiL 
From  a  Uioloji^cal  standpoint  the  reduction  of  chromosomes  and 
the  lasd  of  the  controsome.  or  of  the  power  to  produce  a  centroeiome. 
throw  much  light  upon  the  significance  of  fertilization  by  the  male 
cell.  The  spermatozo5n  before  it  is  ripe  imdergoes  a  process  of 
matur.it ion  essentially  similar  to  that  descril)ed  for  the  o\\m- 
Two  cell  divisions  take  place  with  the  formation  of  four  spermatozoa. 
each  of  which  ^  however,  b  a  functional  spermatozoon.  In  the  pro- 
cess of  division  the  number  of  chromosomes  in  each  cell  is  reduced 
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by  half.  When  the  matured  ovum  and  the  matured  «permatoa 
fuse»  therefore,  each  brings  half  the  normal  number  of  chromoaoi 
and  the  resulting  fertilized  ovum  is  a  cell  with  its  chromosomes 
restored  to  their  usual  number.  The  chromatin  material  Ls  the 
essential  part  of  the  reproductive  element.  We  have  reasons  to 
believe,  in  fact,  that  it  is  the  substance  which  has  the  power  of 
development  and  which  conveys  the  hereditary  structure  specific 
to  the  animal.  The  process  which  causes  each  element  to  lose  a 
part  of  this  material  i^efore  its  union  with  the  cell  of  the  opposite 
sex  is  a  provision  by  means  of  which  the  fertilized  egg.  from  which 
the  offspring  develops,  shall  inherit  the  characteristics  of  each  parent, 
without  increase  in  the  typical  amount  of  the  chromasonies.  The 
loss  of  the  centrosome  by  the  matured  egg  is  interpreted  by  Boveri 
as  follows:!  This  minute  structure  is  the  instrument  by  which  the 

*  For  dptailfl  a-e  Wilwin.   "Tlic  Cell  in  Development  and    lnlierit&uc«." 
SeromJ  p^lition.  1000.  New  York. 

t  For  a  popular  presentation  see  Boveri,  "Das  Problem  der  BefnAclitunK." 

.I«m.  1902. 
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Fif.  280. — drhetiiatic  rrprvM^ntnlion  of  the  pnKviw^  iKvurrinit  <luriru{  lh«  f«r1ilisa- 
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i)  of  the  ovum  i»  n-presenttKl  iti  blue,  that  of  the  •permntnsftAn  in  rtHl. 
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mechanical  process  of  cell  division  is  initiated  ami  completed.  Its 
loss  by  the  matured  ovum  prevents  this  cell  from  further  develop- 
ment, but  in  the  act  of  fertilizatitm  the  spermatozoon  brinps  into 
the  egg  a  new  centrosome,  or  causes  the  foniiation  of  a  new  centro- 
some  after  its  entrance,  and  thus  initiates  a  process  of  cell  mul- 
tiplication. From  this  standpoint  the  loss  of  the  centrosome  by 
the  ejiK  is  a  provision  to  necessitate  sexual  union,  and  thus  insure 
the  benefits  that  pi-esumably  are  associated  with  the  fusion  of  two 
cells  originating  fmni  different  individuals. 

Fertilization  of  the  Ovum.— The  spennat^zoon  comes  into 
contact  with  the  o\nim  probably  at  the  beginning  of  the  Fallopian 
tubes.  The  meeting  of  the  two  cells  is  ixjssibly  not  simply  a  matter 
of  accidental  contact,  although  the  number  of  spermatozoa  dis- 
charged by  the  male  at  coitus  is  so  great  that  there  would  seem 
to  be  little  chance  for  the  ovum  to  faii  to  meet  some  of  them.  Ex- 
periments upon  the  reproductive  elements  of  plants  indicate,  how- 
ever, that  the  egg  may  contain  substances  which  ser\*e  to  attract 
the  spermatozoon,  within  a  certain  radius,  by  that  force  which 
is  descril>ed  under  the  name  of  chemotaxis.  However  this  may  be, 
the  egg  unites  with  a  spenuatozoon  and  under  normal  conditions 
with  only  one.  A  nmuber  of  the  spermatozoa  may  penetrate 
the  zona  radiata,  but  so  soon  as  one  has  come  into  contact  with 
the  cytoplasm  of  the  egg  a  re-action  ensues  in  the  surface  layer 
which  makes  it  imjjervioas  to  other  sj)ermatozoa.  The  sj^enuato- 
zoon  consists  of  three  essential  parts, — the  head,  the  middle  piece, 
and  the  tail.  The  last  named  is  the  oi^n  of  locomotion,  and 
after  the  spermatozoon  enters  the  egg  this  portion  atrophies  and 
disappears,  probably  by  absorption.  The  head  of  the  spermato- 
zoon represents  the  nucleus,  and  contains  the  valuable  chromatin 
material.  On  entering  the  egg  it  moves  toward  the  nucleus  of  the 
latter,  meanwhile  enlarging  and  taking  on  the  character  of  a  nu- 
cleus. The  egg  now  contains  two  nuclei, — one  belonging  to  it  origi- 
nally, the  female  pronucleus;  one  brought  into  it  by  the  sperma- 
tozoon, the  male  pronucleus.  The  two  come  together  and  fuse, 
— superficially  at  least, — forming  the  nucleus  of  the  fertilized  egg,  or 
the  segmentation  nucleus.  The  middle  piece  of  the  spermatozoon 
also  enters  the  egg,  but  its  exact  function  and  fate  is  still  a  matter 
of  some  uncertainty.  Ik)veri  believes  that  it  brings  into  the  egg  a 
centrosome  or  material  which  induces  the  formation  of  a  centro- 
some in  the  o\iun  and  is  therefore  of  the  greatest  importance  in 
initiating  the  actual  process  of  cell  division  which  begins  promptly 
after  the  fusion  of  the  nuclei.  In  the  segmentation  nucleus  the  nor- 
mal numl>er  of  chromosomes  is  restored,  and  it  is  Ixdicved  that  in 
the  subsequent  divisions  of  the  cell  to  form  the  embr>'o  the  chronuH 
somes  are  so  divided  that  each  cell  gets  some  maternal  and  some 
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paternal  rhromosomes.  and  thus  shares  the  hereditary  rhararteris- 
tios  of  each  [>ai-ent.  This  view  i.s  represented  in  a  schematic  way 
by  F\^.  *2S().  taken  from  Buven.  the  matcnial  and  paternal  chmmo- 
somes  !)eing  Jnciifaled  I -y  dilTorent  rolors.  According;  to  this  descrij)- 
tion,  both  e^g  and  spermatozoon  ai*e  incomplete  cells  before  fusion. 
The  egg  contains  a  nucleus  and  a  large  cell  body,  cytoplasm,  rich  in 
nutritive  material,  but  it  lacks  a  centrosome  or  the  conditions  neces- 
sar\'  for  the  formation  of  an  ast rosphere,  so  that  it  cannot  mul- 
tiply. Tlie  spermatozoon  hivs  alr^o  chromatin  for  a  nucleus,  and 
a  centrosome  or  the  material  which  may  give  rise  to  a  centrosome. 
but  it  lacks  cytoplasm — that  is,  food  material  for  growth.  It 
would  seem  that  if  the  spermatozofin  could  be  given  n  quimtity 
of  cytoplatfrn  it  would  pjx)ceed  to  develop  an  embrj'o  without  the 
aid  of  an  ovum.  This  experiment  has,  in  fact,  been  made  by 
Boveri.  Eggs  of  the  sea-urchin  were  shaken  violently  so  as  to 
break  them  into  fragments.  If  now  a  spermatozoon  entered 
one  of  these  fragments,  wiiich  consisted  only  of  cytoplasm,  cell 
multiplication  began  and  proceeded  to  the  formation  of  a  larva. 
On  the  other  hand,  it  would  seem  to  be  equally  evident  that  if  a 
centrosome  was  present  in  the  egg  or  some  influence  could  be 
brought  to  bear  upon  it  to  make  it  form  a  centrosome  it  wouJd 
tlevelop  without  a  spermatozoon.  In  some  animals  eggs  do  nor- 
mally develo])  at  times  without  fertilization  by  a  spermatozoon 
(parthenogenesis),  the  eggs  that  have  this  pro]>erty  prohal>ly  pre- 
serving their  centrosomes.  Loeb*  has  shown,  however,  in  some 
most  interestnig  experiments  that  certain  eggs,  esjTecially  those  of 
the  sea-urchin  (StrongA'loccntrotus  purpumtus),  which  normally 
develop  by  fertilization  with  s|jennatozoa,  may  be  made  to  de- 
velop by  physicoehemical  means.  His  latest  method  is  to  treat 
the  egg  for  a  minute  or  two  with  an  acid  (acetic,  formic,  etc.), 
wliich  causes  the  forniution  of  a  membrane.  'I'hey  are  then  placed 
for  a  certiiiii  interval  in  a  hyjjert«nic  sea  water,  made  by  adding 
sodium  chlurid  to  ordinary-  seai  water.  They  are  then  transferred 
to  normal  sea  water  and  after  an  hour  or  so  they  begin  to  multiply 
and  eventually  develop  into  nonnal  larvae.  Similar  although  less 
complete  results  were  obtained  previously  by  Morgan. 

Implantation  of  the  Ovum.— After  fertilization  in  the  tube  the 
ovum  begins  lo  .segment  and  multiply,  and  meanwhile  is  carried 
toward  (he  utenis,  probably  by  the  action  of  the  cilia  lining  the  tul>c. 
l'{)on  rtmching  the  cavity  of  the  uterus  it  l>ecomes  attached  to  the 
nuicous  membrane,  usually  in  the  neighlx)rhood  of  the  fundus. 
The  membrane  of  the  uterus  has  become  much  thickened  mean- 
while, and  in  this  condition  is  known  usually  as  the  decidua.    T\\e 

*  Loeb,  '■  University  of  California  PuLIicatiotw,"  2.  pp.  S3,  89,  and  113, 
1905.     See  also  Wilson,  "Archiv  f.  entwick.  Mechanik/*  12,  1901. 
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portion  to  wbifli  the  egg  lieromes  attached  is  tlif  tk^-iilita  serutuia, 
and  it  eventually  rieveloFxs  into  the  placenta,  the  organ  through 
which  the  matenial  nutriment  is  siipplioil  to  the  fetus.  The  ovurn 
has  made  considerable  progress  in  its  lievelopmcnt  before  reaching 
the  uterus,  having  formed  amnion  and  ohoritm.  with  chorionic  villi. 
.Some  of  the  ectodermal  cells  in  the  chorion  become  t^fx.'cialized  to 
form  a  group  of  trophoblaMic  cells  which  have  a  digestive  action, 
and  it  is  suggested  that  the  activity  of  these  cells  enables  the  ovum 
to  become  attached  to  the  decidual  membrane  and  t<»  hrdlow  out 
spaces  in  which  the  chorionic  papilla  Ijcconie  inserteil.*  Tlie  further 
development  of  the  egg  into  a  fetus,  the  formation  of  the  decidua 
graviditatls,  and  the  placenta  are  anatomical  features  that  need 
not  l>e  described  here.  Detail:?  of  these  structures  will  l>e  found 
in  works  on  anatomy,  embjyolog)',  or  obstetrics.  On  the  phys- 
iological side  it  h;us  l>een  fouml  that  removal  of  the  ovaries,  or  even 
destruction  of  the  corpora  lutea.  shortly  after  pregnancy  has  begun 
brings  the  process  to  an  end,  while  a  similar  operation  later  in 
pregnancy  has  no  effect  upon  the  developing  fetus  or  the  sul>sequeat 
act  of  parTnrilion.  It  seems,  therefore,  that  the  process  of  implan- 
tation of  the  ovum  in  the  uterine  mucous  membrane  and  the  devel- 
opment of  a  placenta  are  dependent  in  some  way  upon  the  ovaries. 
The  apparent  explanation  of  the  connection  is  given  ir»  the  hypothe- 
sis that  the  corptira  lutea.  d\iring  their  rapid  development  at  the 
beginning  of  pregnancy,  give  off  an  interna!  secretion  which  controls 
or  influences  in  some  essential  way  the  processes  connected  with 
the  fixing  of  the  fertilized  ovum.t 

The  Nutrition  of  the  Embryo — Physiology  of  the  Placenta. 
— At  the  time  of  fertilisation  the  ovtim  contains  a  snudi  amount 
of  nutriment  in  its  cytoplasm.  The  amount,  however,  in  the  mam- 
malian ovum  is  small  and  suffices  |>robaljly  only  for  the  initial  stages 
of  growth.  Wlien  the  ovum  becomes  implante^l  in  (he  decidual 
membrane  of  the  utenis  the  new  material  for  growth  must  l>e  ab- 
8orl>etl  directly  from  the  maternal  blcK^d  of  tlie  utenis.  Within 
a  short  time,  however,  the  chorionic  villi  begin  to  burrow  into  the 
uterine  membrane  at  the  j>(jint  of  attachment,  the  decidua  serotina, 
and  the  placenta  gradually  forms  as  a  ilefinite  organ  for  the  control 
of  fetal  nutrition.  The  details  of  liistological  structure  of  this 
organ  must  be  obtained  from  anatomical  sources.  For  the  purposes 
of  understanding  its  general  functions  it  is  sufficient  to  recall  that 
the  placenta  consists  essentially  of  vascular  chorionic  papilla*  from 
the  fetus  bathed  in  large  blood-spaces  in  the  decidual  membrane  of 
the  mother.  The  fetal  and  the  maternal  blood  do  not  come  into 
actual  contact:  they  are  separated  from  each  other  by  the  walls  of 

*  Sec  Minoi.  "Trannnrtions  of  the  American  Gynecological  Society. "  IWM. 
t  Marsball  and  Jolty  and   1-raenkel,  loc,  cit. 
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the  fetal  blood-vessels  and  the  epithelial  layers  of  the  chorionic  villi, 
but  an  active  diffusion  relation  is  set  up  between  them.  Nutritive 
material,  proteid,  fat,  and  carbohydrate,  and  oxygen  pass  from 
the  maternal  to  the  fetal  blood,  ami  the  waste  pnKlucts  of  fetal 
metalxslism — carbon  dioxid,  nitrogenous  wastes,  etc..  pass  from  the 
fetal  to  the  matenial  blood.  The  nutrition  of  the  fetal  tissues  ta 
maintained,  in  fact,  in  much  the  same  way  as  though  it  were  an 
actual  part  of  the  maternal  organism.  That  material  parses  from 
the  maternal  to  the  fetal  blood  is  a  necessar>'  inference  from  the 
growth  of  the  fetus.  The  fact  has  also  been  demonstrate<l  repeat- 
edly by  direct  experiment.  Madder  added  to  the  food  of  the  mother 
colors  the  bones  of  the  embr>'o.  Salts  of  various  kinds,  sugar,  drugs, 
etc.,  injected  into  the  maternal  circulation  may  afterward  be  de- 
tected in  the  fetal  blood.  But  we  are  far  from  having  <lata  that 
would  justify  us  in  supposing  that  the  exchange  l)elween  the 
two  bloods  is  effected  by  the  known  physical  processes  of  os- 
mosis. difFusion,  ami  filtration.  The  difficulties  in  imflerstanding 
the  exchange  in  this  case  are  the  same  as  in  the  absorption  of  nour- 
ishment by  the  tissues  generally.  It  is  perhaps  generally  assumed 
that  the  chorionic  villi  play  an  active  part  in  the  process,  func- 
tioning, in  fact,  in  much  the  same  way  as  the  intestinal  villi,  This 
assumption  implies  that  the  epithelial  cells  of  the  vilh  take  an  active 
part^  hi  the  absorption  of  material  by  virtue  of  processes  which  can- 
not be  wholly  explained,  but  which  without  doubt  are  due  lo  the 
chemical  antl  phy.sical  projiertics  of  the  substance  of  which  they  are 
comjxxsed.  This  a^ssumption  does  not  mean  that  the  simpler 
id  l>etter  understood  physical  properties  of  diffusion  and  osmosis 
not  also  important.  The  respirator>'  exchange  of  gases,  the 
diffusion  of  water,  salts,  an<l  sitgur.  may  be  largely  controlled  in  this 
way.  There  are  no  fact-s  at  lea-st  which  contradict  such  an  assump- 
tion, Tlie  passage  of  fats  and  pro(eids,  however,  woultl  seem  to 
require  some  special  activity  in  the  chorionic  ti.ssuc,  which  may  l)e 
connected  with  the  presence  of  sfjccial  enzymes.  Glycogen  occurs 
in  the  placenta  itself  and  in  all  the  tissues  of  the  embr>'o  during  the 
period  of  most  active  growth.  In  the  later  |)eriod  of  embryonic 
life,  as  the  liver  assumes  its  functions,  the  glycogen  liecomes 
more  localized  to  this  organ  iind  disappears,  except  for  traces, 
in  the  skin.  lungs,  and  other  tissues  in  which  it  was  present  at 
first  in  considerable  quantities.  It  would  appear,  therefore,  that 
glycogen  (sugar)  represents  one  of  the  important  materials  for  the 
growth  of  the  embryo,  and  that  in  the  l)eginning  at  least  the  tissues 
generally  have  a  glycogenetic  power.  The  sugar  brought  to  the 
placenta  In  the  maternal  blood  |>asses  over  into  the  fetal  blood  and 
the  excess  beyond  that  imraetliately  consumed  is  deposited  in  the 
tissues  as  glycogen.    The  body  fat  of  the  fetus  is  at  first  slight  in 
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amount,  but  after  the  sixth  mrmth  begins  lo  itu-rease  with  some 
rapidity.  The  fat -forming  tissues  are  in  full  activity,  therefore, 
before  birth,  and  function  doubtiess  in  the  same  way  as  in 
the  adult.  Before  birth  also  the  various  organs  l>egin  to  take  on 
their  normal  activity.  The  kidney  may  form  urine  long  l)efore 
birth,  as  Ls  sho\\7i  by  the  presence  of  this  secretion  in  the  bladder, 
and,  shortly  Ijefore  birth  at  least,  it  has  the  power  of  producing 
hippuric  acid,  as  may  be  shown  by  injectbig  benzoat^s  into  the 
blood  of  the  mother.  The  kidney  functions  of  the  embryo,  how- 
ever, are  doubtless  jierformed  chiefly  by  the  placenta  and  the 
kidney  of  the  mother  up  to  the  time  of  birth.  That  the  liver  also 
begins  to  assume  it^  functions  early  is  e^hown  b}'  the  fact  that  from 
the  fifth  to  the  sixth  month  one  may  find  bile  in  tlie  gall-bladder. 
In  the  intestine,  colon,  there  is  found  also  a  collection  of  excrement, 
the  meconium,  which  shows  that  the  motor  and  secretor>-  fimctions 
of  the  intestinal  canal  may  l^e  present  in  the  last  months  of  fetal 
life.  From  the  pancreas  a  proteolytic  enzyme  may  be  extracted  at 
the  time  of  birth  or  l:>efore.  but  the  amylolytic  enz>'me  is  not  fonne<I 
apparently  until  some  time  later.  It  is  stated,  at  least,  that  it  is 
not  present  at  liirth.  In  general,  it  is  evident  that  for  a  long  j^eriod 
the  matenial  organism  digests  anrl  prepares  the  food  for  the  embr>'o, 
excretes  the  wastes,  regidates  the  conditions  of  temperature,  etc., 
as  it  does  for  a  |>t»rtion  of  its  own  substance,  but  as  the  fetus  ap- 
proaches term  its  tissues  and  organs  l>egin  to  assume  more  of  an 
independent  acli\it>',  as  intieed  must  be  the  ea.se  in  preparation 
for  the  sudden  change  at  birth.  In  this  respect,  as  in  all  parta  of 
the  reprothictive  process,  wc  meet  with  regulations  whose  mechanism 
is  but  iiimly  understood. 

Changes  in  the  Maternal  Organism  during  Pregnancy. — 
The  two  most  distinct  effects  upon  the  mother  that  result  fnjm 
pregnancy  are  the  growth  of  the  uterus  and  of  the  mammar\*  gland. 
The  virgin  utenis  is  small  ami  firm,  weighing  from  30  to  40  gms., 
while  at  the  end  of  pregnancy  it  may  weigh  as  much  as  \000  gras. 
Tliis  great  increase  in  material  is  due  partly  to  the  growth  of  new 
nuiscuUir  tissue  and  partly  to  an  hyjMjrtrophy  of  the  muscle  already 
present.  In  the  uterus  at  term  the  muscle  cells  are  much  longer 
and  larger  than  in  the  organ  before  fertilization.  The  stimulus 
that  initiates  and  controls  this  new  growth  is  seemingly  the  fertil- 
izetl  ovum  itself,  but  the  physiological  means  employeil  are  not 
comprehendetl.  We  know  from  experiments  uix)n  lower  animals 
(Rein)  that  when  all  connections  with  the  central  nervous  system 
are  severeti  the  fetus  develojjs  normally  and  the  utenis  increases 
correspondingly  in  size  and  weight.  The  influence  of  the  oAum  on 
the  utenis  must  be  exerted,  therefore,  either  through  some  local 
nerve  centers  in  the  utenia.  or,  as  seems  much  more  probable, 
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through  some  rhpiniral  stimulus  whirli  it  gives  lo  the  orgnn.  Tlie 
effect  of  the  presence  aiui  growth  of  the  fetus  on  the  mammary 
gland  is  tronte^l  in  a  separate  parajcraph  below.  In  jKUliiioD  to 
these  two  visible  effects  it  is  evident  that  the  frrow^h  of  the  fetu? 
hjis  an  important  influence  on  general  metabolism  and  therefor? 
upon  the  whole  maternal  organism.  This  fact  is  indicated  by  the 
markeii  changes  often  exhibited  in  the  physical  and  mental  con- 
dition of  the  mother.  It  is  shown  more  precisely  by  a  study  of  the 
nutritional  changes.  Numerous  investigations  have  l»een  made 
upon  this  side,  especially  as  regards  the  nitrogen  equilibrium.  Dur- 
ing the  latter  part  of  pregnancy,  especially,  the  nitrogen  Mance  w 
positive — that  is,  nitrogen  is  sloreti  as  pmtein — (hie  doubtless 
Imth  to  the  irrowth  of  the  embr>*o  an<i  the  increai^e  in  material  in 
the  uterus  :uitl  mamm:ir\'  gland.  The  proportion  of  ammonia  in 
the  urine  increases  during  pregnancy  and  especially  during  labor  ^ 
(Slemmons*).  ■ 

Parturition. — The  fetus  ''comes  lo  term"  usually  in  the  tenth 
menstrual  periofl  after  conception — that  is,  about  280  dsLVS  after 
the  last  menstrualiun.  The  actual  time  of  delivery,  however 
shows  considerable  variation.  DeUverj^  occurs  in  consequence  of 
contractions,  more  or  less  periodical,  of  the  musculature  of  the 
uterus,  and  reflex  as  well  as  voluntan'  contractions  of  the  ab<lom- 
inal  muscles.  It  has  been  shown  that  deUver\*  may  occur  when  tlie 
nerves  connecting  the  uterus  with  the  central  nervous  s>'atein  are 
severed^  so  that  the  act  is  essentially  an  independent  ftmetion  of 
the  utenis,  although  under  normal  conditions  the  contractions  of 
this  organ  are  doubtless  influenced  by  reflex  effects  through  it* 
extrinsic  nen*cs.  It  has  Ijeen  showTi  tliat  contractions  of  the  gmMii 
utenis  ma>'  l>e  causeil  In*  stimulation  of  various  sensor>'  ner\'es,  and 
in  women  it  is  known  that  delivery  may  be  precipitated  pivniaturely 
by  various  mental  or  physical  disturbances.  The  interesting  prob- 
lem physiologically  is  to  fletermine  the  normal  factor  or  factors  that 
bring  on  uterine  contractions  at  term.  Various  more  or  less  unsati>- 
factory  theories  have  been  proposed.  Some  authors  attribute 
the  act  to  a  change  in  the  maternal  organism,  such  as  mechani- 
cal distension  of  the  uterus,  a  venous  condition  of  the  blood,  a 
degenerative  change  in  the  placentji,  etc.,  while  others  suppose  that 
the  initial  stimulus  comes  from  the  fetus.  In  the  latter  case  it 
is  suggested  that  the  increasing  metal  n)lism  of  the  fetus  is  insuffi- 
ciently pro\*ided  for  by  the  jdacental  exchange,  and  that  therefore 
certain  products  arc  formed  which  serve  to  stimulate  the  utenia 
to  contraction.  i 

The  duration  of  the  labor  pains  is  variable,  but  usually  they 
longer  in  primipane,  ten  to  twenty  hours  or  more,  than  in  multip* 

«Blemmons.     Tlie  Johns  Hopkins  Hoepital  ReporU."  12.  Ml.  1tt04. 
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ar».  Aft^r  the  fetus  is  delivered  the  contractions  of  the  utenis 
continue  until  the  placenta  also  is  expelle<l  as  the  *'after-hirth/' 
During  these  latter  contractions  the  fetal  b]oo<i  in  the  placenta  is, 
for  tJie  most  part,  squeezed  into  the  circulation  of  the  new-born 
child.  The  hemorrhajie  from  the  walls  of  the  litems  due  to  the  rup- 
ture of  the  placenta  may  he  profuse  at  first,  l>ut  under  normal  con- 
ditions is  soon  controlled  by  the  firm  contraction  of  the  uterine  walls. 

The  Mammary  Glands. — At  the  time  of  ptd>erty  the  mam- 
mar)'  glands  increase  in  size,  but  this  growth  is  confined  mainly 
to  the  connective  tissue;  the  true  glandular  tissue  remains  rudi- 
mentary and  functionless.  At  the  time  of  conception  the  gland- 
ular tissue  is  in  some  way  .stimulated  to  growth.  Secreting  alveoli 
are  formed,  and  during  the  latter  pnrt  of  pregnancy  they  protluce 
an  incomplete  secretion,  scanty  in  amount,  known  as  colostrum. 
After  deliver)'  the  gland  e\idently  is  again  brought  under  the 
influence  of  special  stimuli.  It  becomes  rapidly  enlarged  and  a 
more  abundant  secretion  is  formed.  For  the  first  day  or  two 
this  secretion  still  has  the  eharacteri-stics  of  colostrum,  but  on 
the  third  or  fourth  day  the  tnie  milk  is  formed  ami  thereafter  is 
produced  abundantly,  tiuring  the  period  of  lactation,  under  the  in- 
fluence of  the  act  of  milking.  If  during  this  period  a  new  con- 
ception occurs  the  milk  secretion  is  altered  in  composition  and 
finally  ceases.  On  the  other  hand,  if  the  act  of  nursing  is  aban- 
doned permanently  the  glands  after  a  prehniinar>'  stage  of  turgid- 
ity  undergo  retrogressive  changes  that  result  in  the  cessation  of 
secretiirj*  activity.  The  colostrum  secretion  that  occurs  during 
pregnancy  and  for  a  day  or  two  after  birtii  difTers  from  milk  in 
its  composition  and  histological  stnicture.  It  is  a  thin,  yellowish 
liquid  containing  a  larger  jxTcentage  of  albumin  and  globulin 
and  a  smaller  percentage  of  milk-sugar  and  fat  than  normal  milk. 
Under  the  !nicroKco|)e  it  show^s,  in  addition  to  some  fat  droplets> 
certain  large  elements,-!— the  colostrum  corpuscles,  'ihese  con- 
sist of  spherical  cells  fillecJ  with  fat  tlropletfi,  and  arc  most  probably 
leucocyte*  filled  with  fat  which  they  have  ingested.  Colostrum 
corpuscles  may  occur  in  milk  whenever  the  secretion  of  the  gland 
is  interfered  with,  and  their  presence  may  be  taken  as  an  indi- 
cation of  an  incomplete  secretion. 

The  Connection  Between  the  Uterus  and  the  Mammary 
Gland. — ^The  physiological  connection  l»etween  the  uterus  and 
the  mammar>'  gland  is  shown  by  the  facts  mentioned  in  the  pre- 
ceding paragraph.  That  the  ovar\-  also  shares  in  this  influence 
either  directly  or  through  its  effect  on  the  utenis  is  shown  by 
the  fact  that  after  complete  ovariotomy  the  mamman'  gland  under- 
goes atroj^hy.  This  undoubted  influence  of  one  organ  upon  the 
other  might  be  exerteii  either  thn>ugh  the  central  nervous  system 
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or   by   way   of   tlie  circuliilion.      There  are  indicalion.*  that  iW 
secretion  of  the  mammary  glands  is  imder  the  control,  to  some 
extent  at  least,  of  the  central  nen-ous  system.     For  instance,  in 
■women  during  the  period  of  lactation  cases  liave  been  recorded 
in  which  tlic  secretion  was  altered  or  perhaps  entirely  suppressed 
by  strong  emotions,  by  an  epileptic  attack,  etc.    This  indication  m 
has  not  received  satL^facton'  confirmation  from  the  side  of  ex- ■ 
perimental  physiology*.     Eckhard  found  that  section  of  the  main 
nen'e-trunk  siipplying  the  gland  in  goats,  the  external  spermatic,  a 
caused  no  difference  in  the  quantity  or  quality  of  the  secretion,  fl 
Rohrig  obtained  more  jjositive  results,  inasmuch  as  he  found  thai 
some  of  the  branches  of  the  extenial  spermatic  supply  ^'asomotor 
fibers  to  the  blotKi-vessels  of  the  gland  and  influence  the  secretion 
of  milk  by  controlling^  the  local  blood-flow  in  the  gland.    Section 
of  the  inft^rior  branch  of  this  nerve,  for  example,  gave  increased 
secretion,  wliile  stimulation  caused  diminished  secretion,  as  in  the 
case  of  the  vasocon.strictor  fitjers  to  the  kidney.    These  result* 
have  not  been  coniirmed  by  others — in  fact,  they  have  been  sub- 
jected to  adverse    criticism — and   they  cannot,  therefore,  be  ac^ 
cepted  unhesitatingly. 

After  apparently  complete  separation  of  the  gland  from  all  i 
extrinsic  nerves,  not  only  does  the  secretion,  if  it  was  previously 
present,  continue  to  form,  although  less  in  quantity,  but  in  opera- 
tions of  this  kind  upon  pregnant  animals  the  glands  increase  in  flu 
during  pregnancy  and  l:>ecome  functional  after  the  act  of  parturi 
tion.*  This  result  confirms  the  older  experiments  of  Goltx.  Rein; 
and  othere,  according  to  which  section  of  all  the  nerves  going  ttf 
the  uterus  does  not  prevent  the  normal  effect  on  lactation  after 
delivery.  Regarding  the  question  of  the  existence  of  eecretorv 
nerves.  Baschf  reports  that  extirpation  of  the  cehac  ganglion  or 
section  of  the  spermatic  nerve  does  not  prevent  the  secretion,  bu 
causes  the  appearance  of  colostnim  corpuscles. 

Experiments,  therefore,  as  far  as  they  have  been  carried  iiw 
dicate  that  the  gland  is  imder  the  regulating  control  of  the  cen- 
tral nervous  system,  either  through  secretory-  or  more  probably 
through  vasomotor  fibers.  The  bond  of  connection  between  tba 
niarnmar\'  gland  imd  the  utenis  is.  however,  established  mainly 
through  the  blood  rather  than  thro\igh  the  ner\-ous  system,  I^ome 
dii^ect  evidence  for  this  point  of  view  is  furnished  by  the  interes^tin 
experiments  of  Starling  and  Lane-Claypon.J  These  authors 
that  extracts  made  from  the  bo<ly  of  the  fetus,  or  rather  from 

*  Mironow,  *' Archives  des  sciences  biologiques, "  St.  Petersburg.  3, 
1894. 

t  Basch.  ''ErKebniRw  der  Physiolopie."  vol.  ii.,  part  i.  1903. 

j  L(inc-('Iaypon  and  StarliiiK.  "Pn>cwdinK»  of  the  Uoyal  i^ociety 
B.  Ixxvii.;  see  also  Starling  in  "Lancet/'  1H05. 
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of  many  fetuses,  when  injected  repeatoilly  into  n  virjrin  nibbit 
caused  a  genuine  dcvelopmerU  of  the  mamma ly  gUrnds;  closely 
simulating  the  growtli  that  normally  occurs  during  pregnancy. 
Since  simihir  extracts  made  from  ovaries,  placental  anil  uterine 
tissues  had  nu  eflfwt,  they  cont'lude  that  a  specific  chemical  sub- 
stance {a  hormonjM  is  pruthiccd  in  the  fetus  itself  and,  after  absorp- 
tion into  the  mnternal  blood,  it  acta  upon  the  nmmmary  gland, stim- 
ulating it  to  gn>wth.  Since  the  birth  of  the  fetus  is  followed  by 
active  secretion  in  the  mammary  glands  they  adopt  further  the 
view  that  this  Hubstanre,  while  promoting  the  growth  of  the  gland 
tissue,  inhibits  the  catabolic  processes  which  lead  to  the  formation 
of  the  secretion.  With  the  birth  of  the  fetus  this  substance  is 
withdrawn  and  secretion  l)egins,  and,  on  the  contrary,  the  secretion 
is  suspended  when  a  new  pregnancy  is  well  lulvanced. 

As  was  said  in  speaking  of  the  histolog)'  of  the  gland,  the  se- 
creting alveoH  are  not  fully  formed  rmtil  the  first  pregnancy.  Dur- 
ing the  fieriod  of  gestation  the  epithelial  cells  multiply,  the  alveoli 
are  formed,  and  after  parturition  secretion  begins.  As  the  liquid 
is  formed  it  accumulates  in  ihe  enlarged  galactophoroiis  ducts,  and 
after  the  tension  has  reachetl  a  certain  ymni  further  secretion 
is  apparently  inhibited.  If  the  ducts  are  emptied,  by  the  infant 
or  otherwise,  a  new  secretion  Ijegins.  The  emptying  of  the  ducts, 
in  fact,  seems  to  constitute  the  normal  physiological  stimulus  to 
the  gland-cells,  but  how  this  act  affects  the  secreting  cells,  whether 
refiexly  or  directly,  is  not  known. 

Composition  of  the  Milk. — The  composition  of  milk  is  com- 
plex and  variable.  The  im}M>rtant  constituents  are  the  fats,  hehl 
in  emulsion  as  minute  oil  droplets  and  consisting  chiefly  of  olein 
antl  palmitin;  casein,  a  nucleo-albumin  which  clotj?  under  the  in- 
fluence of  rennin;  milk-albumin  or  bctalbumin.  a  proteid  resem- 
bling serum-albumin;  lactoglobulin ;  lactose  or  milk-sugar;  lecithin, 
cholesterin.  phosphocarnic  acid,  urea,  creatin.  citric  acid,  enzymes, 
and  mineral  salts.  It  is  well  known  also  that  many  foreign  sul>- 
slances — drugs,  flavors,  etc. — introduced  with  the  food  are  .secrete<J 
in  the  milk.  An  average  composition  is:  proteids,  1  to  2  per  cent.; 
fats,  3  to  4  per  cent.; sugar,  6  to  7  per  cent.;  salts,  0.1  to  0.2  per 
cent.  The  fact  that  casein  and  milk-sugar  do  not  exist  prefonned 
in  the  blooil  is  an  argimient  in  favor  of  the  view  that  tlicy  are  formed 
by  the  secretory'  nietaljolism  of  the  gland  cells.  'I'he  s|x>cial  com- 
position of  the  niilJc-fat  and  the  histological  appearance  of  the 
gland  cells  during  secretion  lead  to  the  view  that  the  fat  is  als<5 
constructed  within  the  gland  itself.  Rnnge  has  called  attention 
to  the  fact  that  the  inorganic  salt,s  of  milk  differ  quantitatively 
from  those  in  the  blootl-plasma  and  resemble  closely  the  profwr- 
tions  found  in  the  lx)dy  of  the  young  animal,  thus  indicating  an 
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adaptive  secretion.  This  fact  is  illustrated  in  the  following  table 
giving  the  niineral  constituents  in  100  parts  of  ash: 

Young  Pdp.     Doos'  Miuc.     Doob'  Sebum. 

KjO 8.5  10.7  2.4 

Na,0 8.2  6.1  52.1 

CaO 35.8  34.4  2.1 

MgO 1.6  1.5  0.5 

Fe,0, 0.34  0.14  0.12 

P.0, 39.8  37.5  5.9 

CI 7.3  12.4  47.6 

On  account  of  the  use  of  cows'  milk  in  place  of  human  milk  in 
the  nourishment  of  infants  much  attention  has  been  given  to 
the  relative  composition  and  properties  of  the  two  secretions. 
The  chief  difference  between  the  two  lies  apparently  in  the  casein. 
The  casein  of  human  milk  is  smaller  in  amount,  curdles  in  looser 
flocks  than  that  of  cows'  milk,  and  seems  to  dissolve  more  easily 
and  completely  in  gastric  juice.  The  former  also  contains  rela- 
tively more  lecithin  and  less  ash,  particularly  the  lime  salts.  On 
the  other  hand,  cows'  milk  contains  less  sugar  and  fat.  In  using 
it,  therefore,  for  the  nutrition  of  infants  it  is  customary  to  add 
water  and  sugar.  The  composition  of  cows'  milk  is  so  well  known 
that  it  is  easy  to  modify  it  for  special  cases  according  to  the  in- 
dications. The  rules  for  this  procedure  will  be  found  in  works 
upon  pediatrics. 


CHAPTER  LIII. 
"PHYSIOLOGY  OF  THE  MALE  REPRODUCTIVE  ORGANS. 

The  sexual  life  of  the  male  is  longer  than  that  of  the  female. 
Puberty  or  sexual  maturity  l>egin8  somewhat  later, — in  tem- 
perate climates  at  alxiut  the  fifteenth  year;  but  there  ia  no  dis- 
tinct limitation  of  the  reproductive  powers  in  old  age  correspond- 
ing to  t!ie  menopause  of  the  female.  At  the  time  of  puberty  and 
for  a  short  preceding  period  the  boy  grows  more  rapidly  in  stature 
and  weight,  and  the  assumption  of  its  complete  functions  l>y  the 
testis  exerts  a  general  iiiiluence  upon  the  organism  as  a  whole. 
One  of  the  superficial  changes  at  this  period  which  is  very  e^'i(lent 
is  the  alteration  in  pitch  of  the  \'oice.  0\ving  to  the  rapid  growth 
of  the  lar^-nx  and  the  vocal  cords  the  voice  becomes  markedly 
deeper,  and  the  change  Ls  in  some  cases  sufficiently  sudtten  to  cause 
the  well-known  phcnonieaon  of  the  breaking  of  the  voice,  llje 
neuromuscular  control  of  the  vocal  cortis  becomes  for  a  time  un- 
certain. Tlie  completion  of  puberty  can  not  be  determined  in  the 
boy  with  the  same  exactness  as  in  the  girl,  in  whom  menstruation 
furnishes  a  visible  sign  of  sexual  nmturity.  Much  of  the  sexual 
mechanism  may  be  functional  long  before  the  time  of  pu!»erty, 
as  is  shown  b)'  the  pre-sf  nee  of  sexual  desire  and  the  possibility 
of  erection;  but  fully  develojwHl  spermatozoa  are  not  produced 
until  this  })eriod,  and  ituleed  the  presence  of  ripe  and  functional 
flpermutozoa  in  the  testis  is  the  only  certain  sign  that  sexual  ma^ 
turit}*  has  been  attained.  Puberty  consists  in  the  maturation  of 
the  testis  in  the  male,  and  of  the  ovary  in  the  female. 

The  Properties  of  the  Spermatozoa. — Hie  development  and 
maturation  of  the  si)enimtozoa  in  the  testis  has  been  followed 
successfidly  !)y  liistoiogical  means.  I'hc  mother-cells  of  the  sper- 
matozoa, the  sjMTmatocytes,  give  rise  to  four  ilaughter-cells,  sper- 
matids, each  of  which  develops  into  a  functional  spermatozoon. 
The  process  in  this  C4ise  is  something  more  than  mere  cell  division, 
mnce  in  the  spermatozoa  eventually  produced  the  number  of 
chromosomes  present  in  the  nucleus — that  is,  the  hcatl  of  the  sper- 
matozoon—are reduced  by  one-half.  The  process  of  production 
of  the  spermatozoa  is  therefore  quite  analogous  to  the'maturation 
of  the  o\*um  during  the  formation  of  the  polar  Ixidies.  The  forma- 
tion and  maturation  of  the  spermatozoa  may  be  represented  by 
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a  schema  simihir  to  that  used  in  the  case  of  the  ova,  as  follows 
(Fig.  281):  la  tlie  rase  of  the  ovum  four  ova  are  produced.  Imt 
only  one  is  functional,  and  this  one,  the  ripe  egg,  is  characterized 
by  its  large  amount  of  cytoplasm,  its  inability  to  undergo  further 
cell  division  until  fertilized,  owing  possibly  to  its  loss  of  the  t-en- 
trosorae.  and  the  reduction  of  \\s  chromosomes  to  half  the  num- 
ber characteristic  of  the  body  cells  of  the  species.  In  the  case 
of  the  spermatozoa,  the  four  cells  produced  are  all  functional.* 
and  are  characterized  by  the  practical  loss  of  cytoplasm,  reduc- 
tion of  chromosomes  by  one-half,  and  inability  to  multiply  until 
cell  material  is  furnished.  The  two  cells  supplement  each  other, 
therefore.  Their  union  restores  the  normal  nunii>er  of  chromo- 
somes, part  of  which  are  now  maternal  and  part  paternal:  the  egg 
supplies  the  cytoplasm  and  the  spermatozoon  nuclear  mat<»riul  and 
the  definite  stimulus  that  leads  to  ituiltiidiration. 

The  spermatozoa  are   produced  in  enorm<jus  ntmibers.     it   is 
calculated  tliat  at  ejaculation  each  cubic  centimeter  of  the  liquid 

contains  from  sixty  to  seventy 
millions  of  these  cells.  The 
adult  ripe  spermatozoon  is 
characterized  as  an  independ- 
ent cell  by  its  great  motility, 
due  to  the  eilia-like  contrao- 
tions  of  its  tail.  Its  power  of 
movement  or  its  \'itality  is 
retained   under  favorable  con- 


-    Sperm&Cids. 


Spermatosoa. 


FuE.   28i.— Schema  lo  indicate  the  proc-     dllions    for    Ver\'    lonC    pehods. 
pHfl   nf  maturation    of    tha  Mpennatosoo. —  •.         .       *^  ^ 

(Borm").  1  he  most  stnkmg  mstance  of 

this  fact  is  found  in  the  case 
of  hats.  In  these  animals  copulation  takes  place  in  the  fall  and 
the  utems  of  the  female  retains  the  spermatozoa  in  activity  until 
the  jjeriod  of  ovulation  in  the  following  spring.  Even  in  the  human 
being  it  is  believed  that  the  spermatozoa  may  exist  for  many  tlays 
in  the  uterus  and  Fallopian  tubes  of  the  female.  In  the  semen  that 
is  ejaculated  during  coitus  the  spennatozoa  are  mixeii  with  the 
secretions  of  the  accessory  reproductive  glands,  sucli  as  the  seminal 
vesicles,  tl»e  prostate  gland,  and  Cbwi)er's  gland.  The  specific  in- 
fluence of  each  of  these  secretions  is  not  entirely  understood,  but 
experiments  show  that  in  8on»e  way  they  are  essential  to  or  aid 
gretitly  in  maintaining  the  motility  of  the  spermatozoa.  Steinachf 
has  found,  for  example,  tliat  removal  of  the  prostate  gland  and 

*It  is  oil  interesting  fact  tliat  in  some  raws  (hees)  two  kindfi  of  spermatidft 
are  fonned  liy  an  unequal  divinion  of  the  Biiennutocj*te,  anil  the  smaller 
of  the  two  U  ahfortive,  hs  in  the  oa.so  of  the  polar  lioiliefi  of  the  e^is. 

t  SeeSteinach.'Archivrd.  cesnnmito  Phv>iolnpie,"  56, 1S94,  and  Walker, 
"Archiv  f.  Anatomic  u.  Physiologic,"  18911,  p.  313. 
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seminal  vesicles  in  white  rats  prevents  successful  fertilization  of  the 
female,  althcmgii  the  ability  and  Jesire  to  copulate  is  not  interfered 
with.  Direct  experiments  show  that  the  secretion  of  the  prost-ate 
^land  maintains  motility  much  more  efficiently  than  a  solution  of 
physiological  saline.  It  seems  certain  that  the  secretions  of  the  mu- 
cous membrane  of  the  uterus  and  Fallopian  tubes  exercise  a  similar 
favorable  influence.  Kolliker  and  others  have  investigated  the 
action  of  many  substances  upon  the  motility  of  the  s[)ermatozoa, 
such  as  acids,  alkalies,  salts  of  various  kinds  and  in  different  con- 
centrations, sugar,  ethereal  oils,  etc.  The  union  of  spcnnatozoon 
and  o\-um  is  believe*:!  to  U\ke  place  usually  in  the  Fallopian  tube, 
and  under  nonnal  conditions  only  one  spennatozoiin  f>enetrates 
into  the  e^.  The  remainder  of  the  infinite  number  that  may  be 
present  eventually  perish.  The  chun^ics  that  take  place  during 
the  process  of  fertilization  have  already  been  described  (p.  SS^i). 
Chemistry  of  the  Spermatozoa. — Much  cliemical  work  has 
been  dune  upon  the  uoniix)sition  of  spermatozoa,  particularly  in 
the  fishes.  The  results  have  lieen  most  interesting  from  a  chem- 
ical stand|x>int,  and  biolopcally  they  are  suggestive  in  that  the 
analytical  work  lias  l>een  done  upan  the  heads  of  the  sjx^nnatozoa. 
These  heads  consist  entirely  of  nuclear  material,  and  contain  the 
substance  or  substant-es  which  convey  the  heredilaiy  chararteristics 
of  the  father.  Whatever  progress  may  Lie  made  in  the  understand- 
ing of  the  chemislr)-  of  this  material  is  a  step  toward  tlie  solution  of 
the  most  difficult  and  mysterious  side  of  reproduction,  the  power 
of  hereditarj'  transmission.  Miescher,  in  investigations  upon  the 
spermatozoa  of  salmon,  discovered  that  the  heads  are  composed 
essentially  of  an  organic  combination  of  phosphoric  acid,  since 
designated  as  nucleic  acid,  united  with  a  basic  albuminous  body, 
protamin.  This  view  hits  l>een  confirmed  and  extendeti  by  later 
observers,  especially  by  Kossel  and  bis  pupils.*  The  heatl  of  the 
spermatozoon,  the  male  pmnucleus  in  fertiUzation,  may  be  de- 
fined, in  the  case  of  the  fishes  at  least,  as  "a  salt  of  an  organic 
base  and  an  organic  acid,  a  protamin-nucleic  acid  compound." 
The  term  protamin  is  used  now  to  designate  a  group  of  closely 
related  substances  obtained  from  the  spermatozoa  of  different 
animals.  The  si>ecia]  protamiii  of  each  species  is  designated  ac- 
cording to  the  zoological  name  of  that  species;  thus  the  protamin 
of  salmon  is  aalmin,  nf  hering  (Clujx^a  harengus)  clupein,  and  so  on. 
The  prcjtamins  are  all  strong  bases;  tlieir  aqueous  solutions  give 
an  intense  alkaline  reaction,  and  they  unite  readily  with  various 
acids  to  fonn  well-defmed  salts.  Tliey  are  albuminous  bodies, 
giving  the  biuret  reaction  readily  even  without  the  addition  of 

•  For  lit^raliipf!  and  detailfl  of  the  chemistry  of  8()triiia(i>ioa  ««•  Buriiin. 
in   ' ErgeboiHHe  Uer  Physiologie, "  vol.  iii.,  part  i. 


190-1.  and  lOOfl.  v..  831 


896 


THE  PHYSIOLOGY  OF  REPRODUCTION. 


alkali,  and  they  are  precipitatetl  by  most  of  the  p:eneral  preoipitants 
of  proteins,  such  as  the  neutral  salts,  the  alkaloidal  reagents,  etc. 
Their  solutions,  however,  are  not  coagulated  by  heat.  The  molec- 
ular formula  for  salmon  is  given  as  C^yH^-Nj^Oj.  When  decom- 
posed liy  the  action  of  acids  they  yield  simpler  basic  products, 
the  so-c-alled  hcxon  bases  or  diamino-acids,  and  particularly  the 
base  arginin  (C^Hj^N^O^),  which  is  contained  in  the  protamin  of 
the  spermatozoa  in  greater  abundance  than  in  any  other  protein. 
The  prouunins  fliffer  from  mo.-^t  other  protein  compounds  by  their 
relative  simplicity:  tliey  contain  no  cystin  grouping,  therefore  no 
sulphur;  no  carboUydrute  grouping  in  most  of  the  compounds 
examined;  and  no  tyrosin  complex.  In  the  spermatozoa  of  some 
fishes  the  protamins  are  replaced  by  more  complex  compounds 
belonging  to  the  group  of  histons  which  show  pmperties  somewhat 
intermediate  between  those  of  protamins  and  ordinary*  proteins, 
and  in  general  it  may  be  said  that  the  head  of  the  spermatozoon, 
like  the  nuclei  of  cells  in  generfd.  consists  chiefly  of  a  nucleoprotein 
compound,  that  is,  a  compovmd  of  nucleic  acid  with  a  protein  body 
of  a  more  or  less  distinct  basic  character.*  The  nurleic  acid  com- 
ponent of  the  spermatozoon  resembles  the  same  substance  as 
obtainetl  from  the  nuclei  of  other  cells.  In  the  spermatozoa  of  the 
salmon  this  nucleic  acid  has  the  formula  C^yHj^NuP^Ojg.  On 
decomposition  by  liydrolyyiH  it  yields  at  first  some  of  the  purin  bases 
(adenin.  giiuninK  and  on  deeper  cleavage  a  numl>er  of  compounds, 
including  the  pyrimidin  derivatives,  th^tnin,  uracil,  and  cj'tosin. 
While  the  chemical  studies  upon  spermatozoa,  thus  briefly  referred! 
to,  have  greatly  extended  our  knowledge,  it  Ls  still  impossible  to 
say  that  thoy  have  given  any  information  concerning  the  peculiar 
functions  of  the  spermatozoa  ui  fertiUzation. 

The  Act  of  Erection. — In  the  sexual  life  of  the  male  the  act  of 
erection  of  the  jjenis  during  coitus  offers  a  most  striking  physical 
phenomenon.  During  this  act  the  i>enis  becomes  hard  and  erect, 
owing  to  an  engorgement  with  blood.  The  structure  of  the  corpora 
cavernosa  and  corpus  spongiosum  is  adapted  to  this  function,  1>eing 
composed  of  relatively  large  spaces  inclosed  in  tral^eculie  of  connec- 
tive and  plain  muscle  tissue, — the  so-calle<i  erectile  tissue.  Many 
theories  have  been  proposed  to  explain  the  mechanism  of  erection, 
but  it  is  generally  agreed  that  the  work  of  Eckhardt  <ienionstrated 
the  essential  facts  in  the  process.  This  investigator  discovered  that 
in  the  dog  stimulation  of  the  nervi  erigentes  causes  erection.  These 
ner^^es  are  composed  of  autonomic  fil>ers  arising  from  the  sacral  por- 
tion of  the  spinal  cord  (see  Figs.  104  and  105).    They  arise  from  the 


4, 


*  Burian.  loc.  cit. 

t  Ixklmrd,  "BeitrSge  zur  Anatomie  und  PhyBiologie/'  3.  123,  1863,  and 
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sacral  spinal  nerves,  first  to  third  (tlo^),  on  each  si(ie  and  heli>  to 
form  the  pelvif  plexus.  They  contain  vasoiiilalor  fibers  to  the  penis, 
as  well  u-s  to  the  rectum  and  anus,  nnd  also  vi.sceroniotor  fibers  to  the 
descending  rolon,  rectnni,  and  anus.  Eckhard,  Loven,  and  otheiti* 
have  shown  that  when  tlu'se  fiU^rs  are  stimulated  there  is  a  large 
dilatation  of  the  arterioles  in  the  erectile  liasueof  the  penis  ami  a 
greatly  augmenteil  bKiod-How  to  the  organ.  If  the  erectile  tissue 
is  cut  or  the  tlorsal  vein  is  opened  the  bloo<I-fiow  under  usual  con- 
ditions is  a  slow  stream,  l>ut  when  the  nervus  erigcns  ivS  stimulated 
the  outflow  is  ver\'  greatly  int-reased ;  according  to  hx^khard's 
measurements,  eight  to  fifteen  limes  more  blood  flows  out  of  the 
organ.  The  act  of  erection  is  therefore  due  essentially  to  a  vas- 
ctdar  dilatation  of  the  small  arteries  whereby  the  cavernous  spaces 
become  tilled  with  blood  under  considerahlo  pressure.  The  caver- 
nous tissues  are  ilistentled  Ut  the  hniits  perfnitted  Vjy  their  tough, 
fibrous  wall.  It  seems  probable  that  the  turgichty  or  rigidity  of 
the  congested  organ  is  t-onipleted  by  a  partial  oi-elusion  of  the 
venous  outHow.  whiuh  is  eHei-ted  bv  a  (omp^Cf■^ioIl  i)f  the  rfferent 
vein  by  menus  of  the  extrinsic  muscles  (ischio  luul  bulbocaveinosus) 
and  possibly  by  the  intrinsic  musculature  as  well.  This  compres- 
sion does  not  occlude  the  blooil-liow  completely,  but  serves  to  in- 
crease greatly  the  venous  pressure.  This  explanation  of  the  act  of 
erection,  while  no  iloubt  correct,  hj  far  as  it  poes.  leaves  undeter- 
mined the  means  by  which  the  dilatation  of  the  f ma  11  arteries  is 
produced.  \'aso(hlator  nerve  fibers  in  general  are  h^n  med  to  pro- 
duce a  dilatation  by  inhibiting  the  Fcripherul  tonicity  of  the 
arterijil  walls.  If  this  explaruition  is  applied  to  ihe  case  under 
consideration  it  forces  us  lo  i  elieve  that  throughout  life,  except 
for  the  ver>'  occa.^ional  acts  of  erection,  the  aitriies  in  the  penis 
are  kept  in  a  constant  condition  of  active  tone.  Moreover,  on  this 
view  we  should  expect  that  section  of  the  vasoconstrictor  fibers  to 
the  penis,  by  abolishing  the  tone  of  the  arteries,  would  also  cause 
erection.  These  constrictor  fibers  arise  from  the  second  to  fifth 
lumbar  spinal  nerves,  and  reach  the  organ  by  way  of  the  hypo- 
gastric nerve  and  plexus  and  the  pudic  nexve.  No  such  result  of 
their  section  is  re^xirted  and  it  seems  that  in  the  matter  of  eiiec- 
tion  the  actual  mechanism  of  the  great  dilatation  caused  by  the 
ner\i  erigentiv  still  contains  some  points  that  need  investigation. 

The  Reflei  Apparatus  of  Erection  and  Ejaculation.— The 
dihitation  of  the  arti-ries  of  the  [>eni8  during  erection  is  normally  a 
reflex  act^  effected  through  a  center  in  the  lumbar  conl.  This  center 
may  be  acted  upon  by  impulses  descending  from  the  brain,  as 
in  the  case  of  erotic  sensations,  or  by  afferent  impulses  arising  in 

•See  esfjecially  Francoi.^Franck,  "Archives  de  Physiol,  nonn.etpathol./* 
1895.  122  and  138. 
57 
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some  part  of  the  genital  tract, — from  the  testes  themselves,  from 
the  urethra  or  prostate  gland,  and  especially  from  the  glans  penis. 
Mechanical  stimulation  of  the  glans  leads  to  erection,  and  Eckhard 
showed  in  dogs  that  section  of  the  pudic  nerve  prevents  this  reflex 
from  occurring,  proving,  therefore,  that  the  sensory  fibers  concerned 
run  in  the  pudic  nerve.  Stimulation  of  these  latter  fibers  leads  also 
to  erotic  sensations  and  eventually  to  the  completion  of  the  sexual 
orgasm.  This  latter  act  brings  about  the  forcible  ejection  of  the 
sperm  through  the  urethra.  It  is  initiated  by  contractions  of  the 
musculature  of  the  vasa  deferentia,  ejaculatory  duct,  the  seminal 
vesicles,  and  the  prostate  gland,  which  force  the  spermatozoa,  to- 
gether with  the  secretions  of  the  vesicles  and  prostate  gland,  into 
the  urethra,  whence  they  are  expelled  in  the  culminating  stage  of 
the  orgasm  by  the  rhythmical  contractions  of  the  ischiocavemosus 
and  bulbocavemosus  muscles,  together  with  the  constrictor  urethrse. 
The  immediate  center  for  this  complex  reflex  is  assumed  to  he  in 
the  lumbar  cord,  since,  according  to  the  experiments  of  Goltz, 
mechanical  stimulation  of  the  glans  in  dogs  causes  erection  and 
seminal  emission  after  the  lumbar  cord  is  severed  from  the  rest  of 
the  central  nervous  system.  Under  ordinary  conditions  the  act  is 
accompanied  by  strong  psychical  reactions  which  indicate  that 
the  cortical  region  of  the  cerebrum  is  involved.  It  is  interesting  in 
this  connection  to  find  that  electrical  stimulation  of  a  definite  re- 
gion in  the  cortex*  of  dogs  may  cause  erection  and  ejaculation. 

*  Passep,   quoted   from   Hermann's   "  Jahresbericht    der    Physiolc^e," 
vol.  xi,  1903. 


HEREDITY— DETERMINATION  OF  SEX— GROWTH  AND 

SENESCENCE. 

Heredity.— The  development  of  the  fertilized  ovum  offers  two 
general  pheiuimena  for  consideration:  First,  the  mere  faet  of  mul- 
tiplication by  which  an  infinite  number  of  cells  aa*  produced  by 
successive  cell-divisions;  second,  the  fact  that  these  cells  become 
differentiated  in  :?tnicture  in  an  orderly  and  detenninate  way  so  as 
to  form  an  organism  of  definite  stnitture  like  those  ^vhich  gave 
origin  Ui  the  ovum  and  the  spermatozoon.  In  other  words,  the 
fertilized  ox-um  possesses  a  propert>-  whifh,  for  want  of  a  better 
t4*rm,  we  may  designate  as  a  form-iiuilding  power  The  ovum 
develops  true  to  its  species,  or,  indeed,  more  or  less  strictly  in  accord- 
ance with  the  peculiariti&s  of  structure  characteristic  of  its  parents. 
The  object  of  a  complete  thcor>'  of  heredity  is  to  ascertain  the  me- 
chanical causes— that  is,  the  physicochemicai  projK-rties^ — resi- 
dent in  the  fertilized  fivum  which  imjiel  it  to  follow  in  each  case  a 
definite  line  f>f  development.  The  discussions  upon  this  point  have 
centered  around  two  fundamentally  different  conceptions  designated 
as  evolution  and  epigenesis. 

Evolution  mid  Epiyenrnis. — The  earlier  embr>'olop:ists  found  a 
superficial  explanation  of  this  problem  in  the  view  that  in  the  germ 
cells  there  exists  a  miniature  animal  already  preformed,  and  that 
its  development  under  the  influence  of  fertilization  consists  in  a 
process  of  growth  by  means  of  which  the  minute  organism  is 
unfolded,  as  it  were.  The  process  of  development  is  a  process  of 
evolution  of  a  pre-existing  structure.  Inasmuch  as  countless  in- 
dividuals develop  in  successive  generations,  it  was  assumed  also 
that  in  the  germ  cell  there  are  included  countless  miniature  organ- 
isms,— one  incased,  as  it  were,  in  the  other.  Some  of  the  embry- 
ologists  of  that  period  conceived  that  the  undeveloj^ed  embr>'os  are 
containetl  in  the  ovnm, — the  ovists, — while  others  l>elieve<l  that 
they  are  present  in  t!ie  si>ennatozoon.  the  animalculists.  Other 
embr>'ologists  pointeti  out  that  the  fertilized  egg  shows  no  indication 
of  a  preforme<l  structure,  and  therefore  conchided  that  development 
starts  from  an  essentially  stnictureless  cell,  and  consists  in  the 
successive  formation  and  addition  of  new  parts  which  do  not  pre- 
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exist  as  such  in  the  fertilized  egg.  Tliis  view  in  eonirarlisiinction 
to  the  evolution  theory  was  denignateil  as  ei)igeiiesis.  Microscopi- 
cal investigation  has  demonstrated  beyond  all  <]oubt  that  the  fer- 
tilized ovum  is  a  simple  cell  devoid  of  any  j^arts  or  organs  resem- 
bling those  of  the  adult,  and  the  evolution  theorj'  in  its  ci*ude  form 
has  been  entindy  dis]-)roved.  Nevertheless  the  controversy  Jx?- 
tween  the  evolutionists  and  epigenesists  still  exists  in  modified 
form.  For  it  is  cNndent  that  in  the  fertilized  oxinn  there  may  exist 
preformed  mechanisms  or  fomplexes  of  molecules  winch,  while  in  no 
way  resembling  anatomically  the  subsctjuently  develo|)ed  parts  of 
the  organism,  nevertheless  are  the  foundation  stones,  to  use  a  figure 
of  speech,  upon  which  the  character  of  the  adult  structure  depends. 
Such  a  view  in  one  form  or  another  is  probably  held  by  most  bi- 
ologists, since  it  avoids  the  well-nigh  inctmceivable  difficulties  of- 
fered by  a  completely  epigenetic  theory-.  If  the  fertilized  o^njin 
of  one  animal  is  in  the  beginning  substantially  similar  to  that  of 
any  otiicr  animal  the  cpigenesist  must  asccrt-ain  what  combination 
of  conditiiins  during  tlie  process  of  development  causes  the  egg, 
in  a  {log,  for  instance,  to  develop  abvays  into  a  dog,  and  moreover 
into  a  certain  specie-s  of  dog  rcsemi>ling  more  or  less  exactly  the 
parent  organisms.  The  infinite  ililTicuUies  encountereil  by  such  a 
point  of  view  are  apparent  at  once.  In  this,  us  in  other  similar  prol> 
lems.  experimental  work  is  gradually  accumulating  facts  which 
throw  some  liuht  upon  the  matter  ;md  may  eveiilLially  lead  us  to  the 
right  explanation.  It  lias  been  made  highly  probable  that  the  chro- 
matin material  in  the  nuclei  of  the  germ  cells,  the  chromosomes, 
constitute?  the  physical  basis  of  hereditary  transmission.  In  the 
fertilized  egg,  it  will  be  remembered,  half  of  the  chromosomes  come 
from  the  mother  and  half  from  the  father,  and  there  is  good  reason 
for  belie^•ing  that  tl:e  maternal  chromosomes  are  the  bearers  of  the 
maternal  characteristics,  and  the  chromosomes  derived  from  the 
spermatozoon  convey  the  hereditary'  i)eculiarities  of  tlie  father. 
Such  a  view,  it  will  be  noticed,  imjdies  at  once  preformed  structures 
in  the  chromosomes  and  constitutes  one  fonn  of  an  evolutionary 
hyjiothesis.  This  view  is  further  supported  by  the  interesting  ex- 
periments of  Wilson.* 

'Ihis  author  has  shown  that  in  certain  molluscs  (I>entalium  or 
Patella)  if  a  portion  of  the  egg  is  cut  off,  the  remaining  portion  upon 
fertilization  develops  into  a  defective  animal  that  is  not  a  whole 
embryo,  but  rather  a  piece  or  fragment  of  an  embri'o.  Or  if  the 
fertilized  egg  after  its  first  segmentation  is  separated  artificially 
into  two  independent  cells  each  develops  an  embrvo,  but  neither  one 
is  compIet'Cly  formed, — each  is  lacking  in  certain  structures  and 

♦Wilson,  "Science,"  Febniar\-  24,  1905,  for  a  popular  discusMon:  also 
"Journal  of  Ex|)eriiiiental  ZoOlogV/'  I.  1  and  197,  1904,  and  2,  37J,  1905. 
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3  two  must  be  tiiken  together  to  constitute  an  entirely  normal 
animal.  By  experiments  of  this  kind  i(  has  l)een  shown  that  cer- 
tain definite  portions  of  the  egg  are  reHi»onsil^le  for  the  formation 
of  particular  organs  in  the  adult.  If  thest?  ]M)r(i»)ns  of  t}ie  egg  are 
removed  the  organs  in  question  are  not  developed.  Facts  of  this 
kind  lead  to  the  evolutionary  view  that  in  tlie  fertilized  ovum  there 
is  a  collection  of  different  materials  designated  as  formative  stuffs 
each  of  which  is  si>eciMc. — that  is,  lievclops  into  a  special  stnacture. 
Many  facts  (*onnectefl  with  the  regeneration  of  parts, — regeneration 
of  a  lost  leg  in  a  crab,  for  examj>le — may  l>e  used  to  supj)ort  a  similar 
view  of  the  existence  of  specific  formative  stuffs  in  the  cells  of  the 
Ixxly.*  ^\^!son  has  suggested  an  attractive  theor>'  which  seems  to 
account  for  the  fact5  known  at  present  and  forms  an  acceptable  com- 
promise lietween  (he  extremes  of  cjiigenesis  and  evohition.  Accord- 
ing to  him,  the  germ  (fertilized  ovum)  contains  two  elements,  one  of 
which  undergoes  a  <levelopment  that  is  e&^ntially  epigenetic,  while 
the  other  contains  a  preformed  stnicture  which  controls  and  deter- 
mines the  course  of  development.  The  first  is  represented  by  the 
cytoplasm  of  the  egg,  the  second  by  the  chromatin  (chromosomes) 
of  the  nucleus.  The  latter  have  specific  structures,  and  under  their 
influence  the  nutritive  uriiiiffcreiitialciJ  nuiterial  of  the  cytojilasm 
is  nMxlificd  to  form  s[K^cific  formative  stuffs  differing  in  character 
in  the  developing  ova  of  rjiflcrent  animals.  Many  interesting  gen- 
eral theories  of  heredity  have  Ijeen  proixjseti  by  Darwin,  Nageli, 
Weissmann,  Mendel,  Galton,  Brooks,  and  others.  It  is  impossible 
to  give  here  an  outline  of  these  theories;  the  reader  is  referred  for 
such  information  to  sjxcial  ireatises  on  the  subject. f 

Determination  of  Sex.  — I'he  conditions  which  lead  to  the 
determination  of  the  sex  of  the  developing  ovum  have  attracted 
much  investigation  and  speculation.  In  the  absence  of  precise 
data  ver>'  numerous  and  oftentimes  ver>'  peculiar  theories  have 
been  advanced. J  Such  views  as  the  following  have  been  main- 
tained: that  the  sex  is  determined  by  the  ova  alone;  that  it  is 
determined  by  the  spennatozoa  alone;  that  one  side  (right  ovary 
or  testis)  contains  male  elements,  the  other  female;  that  the  sex 
is  a  result  of  the  interaction  of  the  ovum  and  spermatozoon,  the 
most  virile  element  producing  its  own  sex,  or  according  to  another 
poesibility  "the  superior  parent  produces  the  opposite  sex";  that 
the  sex  depends  on  the  time  relation  of  coitus  to  menstruation, 

•  For  a  disciwsion  of  these  facUs  and  for  various  hypolhesos  see  Morpuii, 
"ReKeiierution"     New  York,  1901. 

tllertwig.  "Tlie  Hiological  Problems  of  To-^Jay."  ami  DeUgje, "  L'h^rMit* 
ei  \cs  foaiKUn  prol)li''iiiC9  dc  la  biologie  g^n^ralc,"  1903. 

t  For  recent   urttiunt-'i  of  the  various  tlieories*  aiul  discut>»i<>n  pee  Mor* 

Sii,  **  Pomilar  Science  Monthly,"  Decemljer,  1903;  I^nhosaek,  "  Van  Problem 
r  0escli]echt5be<itinimeiiden  I'rsachen,"  1903. 
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fertilization  before  menstnmtion  favoring  male  birtlis,  after  men- 
struation female  Inrths;  that  it  <lej>ends  upon  the  nutritive  con- 
ditions of  the  ovum  tluring  tlevelcpment  or  of  the  maternal  parent; 
that  it  depends  upon  the  relative  ages  of  tlie  parents;  that  there 
are  preformed  male  and  female  ova  and  male  and  female  sper- 
mati>zoa,  etc.  What  we  may  call  the  scientific  study  of  the  problem 
began  with  tlie  collection  of  statistics  of  births.  Statistics  in  Euitipe 
of  5.9;J5.(>00  biiihs  indicate  that  106  male  children  are  born  to 
100  female,  and  the  data  from  other  countries  show  the  aame 
fact  of  an  excess  of  male  children.  Examination  of  these  statistics 
with  reference  to  determining  conditions  led  to  the  formulation 
of  the  so-cailetl  Hofacker-Sadler  law  or  laws,  which  may  l)e  stated 
as  follows:  (1)  When  the  man  is  older  tlian  the  woman  the  ratio 
of  male  births  is  increased  (113  to  100).  (2)  When  the  parents  are 
of  equal  age  the  ratio  of  female  birtlis  is  increased  (93.5  males  to 
100  females),  (3)  Wlien  the  woman  is  older  the  ratio  of  female 
births  is  still  further  increa.sed  (8S.2  to  10(J).  These  laws  have 
been  corrolxsrated  by  some  statisticians  and  contradicted  or  modi- 
fied by  others.  Ploss  attemptel  to  show  that  poor  nutritive  con- 
ditions affecting  the  parents,  esixjcially  the  mother,  favor  the 
birth  of  boys.  Dusing  combined  these  results  in  a  sort  of  general 
compcnsator>-  law  of  nature,  according  to  wliich  a  deficiency  in 
either  sex  leads,  by  a  process  of  natural  selection,  to  an  increase 
in  the  births  of  the  opposite  sex.  Thus,  when  males  are  few  in 
number, — as  the  result,  for  instance,  of  wars. — females  nmrrx' 
later  and  more  males  are  produced.  When  males  are  in  excess  early 
in;irriages  are  the  rule  and  this  condition  favors  an  excess  of  female 
births.  However  interesting  these  statistics  may  Ik?,  it  is  very 
evident  that  they  do  not  touch  the  real  problem  of  the  cause  of  the 
determination  of  sex. 

Modern  work  has  turned  largely  to  observations  and  direct 
experiments  upon  the  lower  animals,  particularly  the  inverte- 
brates, with  the  I'esult  that  a  ver\'  large  number  of  facts  have 
been  collected  of  a  moat  interesting  kind,  but  difficult  as  yet  to 
inteqiret  so  as  to  formulate  a  general  law.  The  trend  of  modem 
work  tends  to  oppose  an  older  view  founded  largely  upon  experi- 
ments on  frogs,  bees,  and  wasps,  according  to  which  the  sex  is  not 
determined  at  or  l>efore  fertilization,  but  is  controlled  or  may  be 
controlled  by  the  conditions  of  nourishment  iluring  development. 
favorable  conditions  of  nutriment  leading  to  the  development  of 
female  cells  from  the  germinal  epithelium  of  the  embno.  In 
contrast  with  thus  latter  view  an  opinion  that  has  been  frequently 
advocat-ed  is  that  the  sex  of  the  embryo  is  determine<l  in  the  egg 
lx»fore  fertilization  or  at  the  time  of  fertilization,  Thw  view  assumes 
substantially  that  there  are  male  and  female  eggs  to  begin  with,  and 
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that  the  determination  of  sex  resides  in  the  maternal  organism  alone. 
Some  of  the  fact-s  that  support  this  view  with  more  or  lesw?  con- 
clusiveness are  as  follows:  (1)  lu  certain  worm.s  ( Dinophilus)  eggs 
of  two  sizes  are  produced;  the  large  eggs  on  fertilization  develop 
always  into  females,  the  small  ones  into  males.  Similar  facts  are 
recorded  for  other  animals  (llydatina),  (2)  Many  species  of  in- 
vertebrates exhibit  the  phenomenon  of  purthenogenesis, — that  is, 
the  eggs  of  the  mother  develop  without  fertilization.  In  some 
cases  this  method  forms  the  oniy  moans  of  reproduction,  and  the 
individuals  of  the  race  are  all  females.  But  in  other  animals  re- 
production is  effected  either  by  parthenogenesis  or  by  fertilisation 
accortling  to  the  conditions. — change  of  seasons,  etc.  Among 
these  latter  ai»inials  it  may  l>e  shown,  in  some  cjuses  at  least,  that 
the  parthenogcnetic  eggs  may  give  rise  either  to  males  or  females,— 
a  fact  which  accords  with  the  hypotliasis  of  the  existence  of  male 
and  female  eggs  in  the  mother.  (3)  In  man  twins  may  l>e  Itoru. 
These  twins  may  be  of  two  kinds.  First,  those  thai  are  developed 
from  two  difTcrent  eggs,  each  of  which  has  its  o\\7i  chorion  and 
develops  itfi  own  placenta.  This  kind  may  be  designated  as  false 
twins,  and  in  the  matter  of  sex  they  may  be  male  and  female, 
or  both  iriale.  or  both  female.  The  matter  varies  as  in  tiie  statis- 
tics of  births  in  general.  In  the  other  group,  liowever,  of  true 
twins  or  ideiHical  twins,  the  two  embryos  are  ilevelopetl  from  a 
single  ovimi  and  are  included  in  a  single  chorion.  In  such  cases 
the  sexes  of  the  twins  are  always  the  same,  they  are  lx)th  boys 
or  Iwth  girls.  This  fact  favoi-s  the  view  that  the  sex  may  l^e  pre- 
detennined  in  the  ovum,  winch  may  l>e  either  male  or  female. 
However,  if  we  gratil  the  fundamental  fact,  so  far  as  the  ova  are 
roncemed,  that  they  are  either  male  or  female  at  the  lime  of  forma- 
tion or  are  mnde  so  <luring  the  process  of  growth  and  matunition. 
it  is  still  logically  jMxssible  that  there  may  also  l»e  male  and  female 
.spermatossoa,  and  that  In  the  Liniori  of  the  two  cells  the  sex  of  the 
fertilizeil  ovum  mny  be  referable  either  to  the  ovum  or  spermatozoon. 
It  is  not  ju.stitial}Le  to  iLssert  that  the  paternal  organism  is  without 
inHuence  u[>on  the  sex  of  the  offspring.  In  fact,  in  Ihe  ciise  of 
honey  \iees  it  is  observed  that  if  the  egg  of  the  queen  \*oe  is  unfer- 
tilized it  develops  into  a  male,  but,  if  fertilize<i,  into  a  female,  thus 
indicating  a  determining  influence  upon  the  part  of  the  male  ele- 
ment. Moreover.  Wilson*  luis  obtaine<l  some  interesting  results 
upon  insects  (hemiptcni)  which  indicate  that  the  determination  of 
sex  in  these  anim.'ils  is  dependent  upon  or  correlated  with  a  visible 
difference  in  the  chromosomes  of  the  spermatozoon.  In  some  cases 
one-haH"  of  the  spermatozoa  contain  an  unpaired  or  accessory 
chromosome.  Those  showing  this  structure  produce  females  on 
*  Wilson,  "The  Journal  of  ExperimcntAl  Zoology,"  1906,  iii.,  I. 
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fertilization,  while  the  others  give  rise  to  males.  In  other  cases 
all  the  spermatozoa  exhibit  the  same  numlier  of  chromosomes, 
but  one-half  of  them  ront'.iin  a  larj^e  "  idiochromosome. "  the  other 
half  a  small  one.  The  former  give  rise  on  fenilization  to  females, 
the  latter  to  male-^.  If,  on  the  basis  of  suoh  facts,  we  assume  the 
existence  of  male  and  female  ej»ff^  and  male  and  female  spermatozoa, 
the  (luestion  of  the  sex  of  the  offsprirj^  woidd  seem  to  depend  upon 
which  of  the  sexwletermining  structures  in  the  two  cells  predominates 
after  union.  The  problem  still  remains  unsolve<i,  although  reduced 
to  a  narrower  field  for  observation  and  experiment. 

Growth  and  Senescence. ^The  body  increases  rapidly  after 
birth  in  size  and  wcught.  It  is  the  popular  idea  that  the  rate  of 
growth  increases  up  to  maturity  and  tlicn  declines  as  old  age  a<l- 
vances.  As  a  matter  of  fact,  careful  examination  of  the  facts  shows 
that  the  rate  of  growth  decreases  from  birth  to  old  a^e,  although  not 
uniformly.  At  the  pubertal  period  and  at  other  times  its  downwani 
tendency  may  l>e  arrested  for  a  time.  But,  speaking  generally,  the 
maximum  rate  of  growth  is  reached  some  time  during  the  intra- 
uterine i^eriod,  and  after  birth  the  curve  falls  steatlily.  Senescence 
has  begun  to  appear  at  the  time  we  are  Iwim.*  Thus,  according  to 
the  statistics  of  Quetelet,  the  average  njale  child  weighs  at  birth  6i 
jxiunds.  At  the  end  of  the  first  year  it  weighs  18}  poimds,  a  gain  of 
12  pounds.  At  the  end  of  the  second  year  it  weighs  23  pounds,  a 
gain  of  only  4A  pounds,  and  so  on,  the  rate  of  increase  faUing  rap- 
idly with  advancing  years.  The  actual  sUitistics  of  growth  have 
been  cfdlecte^l  and  tjibulatod  with  great  care  by  a  number  of  ol>- 
servcrs;  for  this  coimtr}^  especially  by  Bowditch,  Porter,  and  Beyer.f 
An  interesting  feature  of  the  records  collected  by  Bowditch  is  the 
proof  that  the  j>repuhertal  acceleration  of  growth  comes  earlier 
in  girls  tlian  in  boys,  so  that  between  the  ag&s  of  twelve  and  fifteen 
the  average  girl  is  hcjivier  and  taller  than  the  boy.  Ijiter,  the  lx)y's 
growth  is  accelerated  and  his  stature  and  weight  increase  beyond 
that  of  the  girl.  It  appears  from  the  examinations  made  upon 
school  children  by  Porter  and  by  Beyer  that  a  liigh  rlegrce  of 
physical  development  is  usually  associated  with  a  corre.*i]x>nding 
pre-eminence  in  mental  ability.  'J'he  signs  of  old  age  may  be  de- 
tecteti  in  other  ways  than  by  observations  upon  the  rate  of  growUi. 
Changes  take  place  in  the  composition  of  the  tissues;  these  changes, 
at  first  scarcely  noticeable.  l>ecome  gradually  more  obvious  as  old 
age  advances.  The  bones  become  more  brittle  from  an  increase  in 
their  iuoi;ganic  salts,  the  cartilages  become  more  rigid  and  calca- 

♦See  Minot,    'Journal  of  Physiology."  12,  97. 

tSee  Bowditch.  "Rt-port  of  Stat«Bottni  of  Health  of  MasRachusett-s. " 
1877.  1879.  anl  18'Jl;  Pnrttr.  *'TransActiotw.  Aradomy  of  Sciencr."  St. 
Louis.  1893-04;  Beyer.  "Proceedings,  Uoitod  SUtee  Naval  InBtitutc."  21, 
297,   1895. 
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reoiia,  the  crystalline  lens  gradually  loses  its  elasticity,  the  muscles 
lose  their  vigor,  the  hail's  their  pigment,  tlie  nuclei  of  the  nerve 
cells  become  smaller,  and  so  on.  In  e\'er>*  way  there  is  increasing 
e\ndence,  as  the  years  grow,  that  the  nietjibolism  of  the  living  mat- 
ter of  the  botl\'  becomes  less  and  less  penect;  the  jwwer  of  the 
protoplasm  itself  becomes  more  and  more  limite<i,  and  we  may 
suppase  would  eventually  fail,  bringing  alxnit  what  might  be  called 
a  natural  death.  As  a  matter  of  fact,  death  of  the  organism'  usually 
results  from  the  failure  of  some  one  of  its  many  complex  meclianisms, 
while  the  majority  of  the  tissues  are  still  able  to  maintain  their  exis^- 
tence  if  supplied  with  proper  conditions  of  nourishment.  The  phys- 
iological evidences'  of  an  increasing  senescence  warrant  the  view, 
however,  tlmt  death  is  a  necessary  result  of  the  projierties  of  living 
naatter  in  all  the  tissues  except  passibly  the  reproductive  elements. 
The  course  of  metabolism  is  such  that  it  is  self-limita.1,  and  even  if 
perfect  conditions  were  supplied  natural  death  would  eventually 
result.  We  do  not  understand  the  nature  of  these  limitations, — tliat 
is,  the  tJtimate  causes  of  senescence.  Many  examples  of  unusual 
longexnty  are  on  record,  the  most  authentic  being  probably  that  of 
Thomas  Parr.  An  account  of  his  life  and  the  results  of  a  ix>stmor- 
tem  examination  by  Harvey  are  given  in  volume  iii  of  the  **  Philo- 
sophical Transactions  of  the  Royal  S<K'iety  of  I-ondon."  "He  died 
after  he  had  outlived  nine  princes,  in  the  tenth  year  of  the  tenth  of 
them,  at  the  age  of  one  htuidre<.l  and  fifty-two  years  and  nine 
months/'  The  immediate  cause  of  his  deiith  was  attrlbut&l  to  a 
changeof  foml  and  air  and  habits  of  life,  as  he  was  l>roughl  from  Shrc»i> 
shire  to  Lond^m,  "where  he  fed  high  and  drunk  plentifully  of  the  best 
wines."*  With  reference  to  the  i)henomenon  of  senescense  as  a  neces- 
aarj'  attribute  of  living  matter,  Weissmann  hiis  called  attention  to  the 
fact  that  inasmuch  as  the  species  continues  to  exist  after  the  in- 
dividual dies,  we  must  l^elieve  that  the  protoplasm  of  the  repro- 
ductive elements  is  not  subject  to  natural  death,  but  has  a  self- 
perpetuating  metabolism  which  under  proper  conditions  makes  it 
immortal,  Weissntannf  designates  the  protoplasm  of  the  genu  cells 
as  germ-plasm,  that  of  the  rest  of  the  body  as  somatoi)lasm,  and 
inasmuch  as  the  former  continues  to  propivgat^  itself  indefinitely 
under  proper  conditions,  while  the  latter  has  a  limited  existence,  he 
concludes  that  origiruilly  protoplasm  possessed  the  property  of 
potential  imniortality.  That  is,  barring  accidents,  disease,  etc.,  it 
was  capable  of  reproducing  itself  indefinitely.  He  assumes,  more- 
over, that  this  property  is  exhibited  at  present  in  many  of  the  sim- 

*  A  picture  of  Parr  paint«d  by  van  Dyck  (1635)  ia  exhibited  in  the  Royal 
Gallen-.   DreacJen,   No.    1032. 

t  Weissmann,  "Kssays  ufxjn  Heredity  and  Kindred  Hioloeieal  Prob- 
Icixu";  also  "Germ-plasm"  in  the  "Contemporary  .Science  Scries.  ' 
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pier  forms  of  life,  such  as  the  ameba.  This  latter  phase  of  his  theory 
has  been  the  subject  of  mach  interesting  investigation,*  but  con- 
clusive results  have  not  been  reached.  Assuming  that  the  poten- 
tial immortality  exhibited  by  the  reproductive  cells  was  originally  a 
general  property  of  protoplasm,  Weissman  conceives  that  the  phe- 
nomenon of  senescence  and  death  exhibited  by  other  cells,  somato- 
plasm, is  a  secondary  property,  which  was  acquired  as  a  result  of 
variation  and  was  preserved  by  natural  selection  because  it  is  an 
advantage  in  the  propagation  of  the  species.  An  actual  immor- 
tality of  the  entire  organism, — that  is,  the  property  of  indefinite 
existence  except  as  death  might  be  caused  by  accidental  occur- 
rences of  various  kinds — would  be  a  disadvantage  in  many  ways. 
The  vast  increase  in  the  number  of  individuals  might  exceed  the 
capacity  of  nature  to  provide  for;  the  retention  of  the  maimed  and 
imperfect  would  make  many  useless  mouths  to  feed,  and  perhaps 
the  evolution  of  higher  and  more  perfect  forms  by  the  slow  action 
of  variation  and  natural  selection  would  be  retarded.  From  this 
point  of  view  senility  and  natural  death  constitute  a  beneficial 
adaptation,  acquired  because  of  its  utility  to  the  race,  on  the  one 
hand,  and,  on  the  other,  because,  after  the  beginning  of  a  differen- 
tiation in  function  among  the  cells,  the  possession  of  immortality 
by  all  the  cells  was  no  longer  of  any  value  to  the  race,  and  therefore 
was  not  brought  under  the  preserving  influence  of  natural  selection. 

♦See  Maupas.  "Archives  de  zoologie  exp<5riment^le  et  gf^n^rale/*  6, 
165.  1888;  Joukowsky,  "Inaugural  Dissertation,"  Heidelberg.  1898;  Gotte, 
"I'eber  den  I'rsprung  dea  Todes, "   1883. 
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PROTEINS  AND  THEIR  CLASSEFlCAnON. 

Definition  and  General  Structure. —Pruloins  i»rali!)umitis  arc  complex 
orgAOic  compounds  cunlaiiuniz  intmufM  whii^-h,  ullliouffl)  liifTeriiijj:  triucn  in 
thar  composition,  are  relntod  in  their  prcjix?rtip!«.  Tlit^y  a^rv  fi;>mied  by 
living  matter,  and  occur  in  the  tissues  und  lit^uidii  of  plants  and  animals. 
of  which  they  fonn  the  rntxst  charaitfristic  ctHistitut'tit.  On  uhiinatc  luiiily- 
sia  they  urv  all  hiunit  to  contain  carlmn,  hy(In>gen,  oxygrn,  and  nitrnKen; 
most  of  tht'in  contain  also  some  isulj)hur,  and  «>nie,  in  adtiiiiun,  phosphorus 
or  iron.  As  xj^ually  obtained,  lliey  leave  also  some  wsh  when  incinerated. 
showing  that  they  hold  in  combination  Home  inorKanic  KaIt:S-  Percentage 
analyses  of  the  most  coMinma  proteina  of  the  body  show  that  the  al>ove 
named  constituents  occur  in  the  following  propurtion-s: 

Carbon 60     to  55     |>er  cent. 

Hydrogen tt.5  to    7.3   "       " 

Nitrogen 15     to  17  6  *' 

Oxygen 19     t^>  24      "       " 

Sulphur 0.3lo    2.4   "       " 

The  clearest  insight  into  the  wlrueture  of  the  protein  niuieeule  has  been 
oblainiHl  by  a  study  of  its  ilecornfMj^ition  prodvictj*.  When  sniimitted  to  the 
action  uf  pRHe<ilytic  enzymes,  or  putrefaction,  or  acid  at  high  cem|>eraiure8. 
the  lar^c  moloeules  epht  into  a  number  of  Mmjiler  bodii-s  in  eonwMjuence  of 
hydrolvtic  cleavage.  Tliest^  end-prtMluet-'^  are  very  nuincmufl.  and,  while 
they  ififTer  somewhat  f(>r  the  <litTLTenT  proteins,  yet  a  number  of  thcni  are 
the  same  or  similar  f(,>r  all  prottliK-.  Tin-  great  variety  in  tlie  end-products  is 
an  indication  of  the  complexiiv  of  1be  nKilecule,  while  tlieir  Min»ihiniy  is  proof 
that  tlio  various  pnneins  arc  afl  built,  w>  to  Kf>eak.  iijHin  a  common  plan,  by  the 
union  of  certain  Kr"uptnjfs  vvliirli  may  be  more  numemvis  in  one  protein  than 
in  another.  This  farl  iHTomes  evident  from  a  brief  consideriition  of  the  prod- 
ucts obtained  by  bydrolytir  cleavage  with  acifU.  The  gniiiping^  represented 
by  the  folknving  compuundf-  may  In?  Kiipj:>o*>e*l  to  evist  prefurnied  in  protein 
molecules,  Mime  pos.sibly  containing  thern  all.  some  only  a  portion  of  the 
lirt,  wiiile  the  different  groups  varj'  in  their  proportiorial  amounts  in  the 
variouB  proteins: 

1.  Amino-acetic  acid  (glycocoU). 

2.  Amiiinpropionic  acid  (alamn). 

3.  Aminov.-ihTianir  nrid. 

4.  Aminoraproic  acid  deucin). 

6.  Aniiiio-»<uceinic  aeid  (asjmrtic  acidK 

6.  Amino^lutarie  acid  (glutamintc  acid^. 

7.  Phonylaminopropionic  acid  iphenylalanin). 

8.  Oxvphenylaminopropionic  acid  (tyrosin). 

9.  Imlolaminnpropjonic  or  skatol  ami  no-acetic  acid  (tryptoplian). 

10.  Guanitlinaminovalerianic  acid  (arginini. 

11.  Dianunocaproic  acid  dyfln). 

12.  Histidin  <fl-amino-  ^-imidazolpropionic  acid  (Pauly). 

13.  O.xyaminopropionic  aeid  (senn). 

14.  Aminothiopropicmie  acid  icyslein). 

15.  «-pyrTullidm-c«rlxjxylic  acid. 

16.  Oxy-«-pyrroUidin-carboxylic  acid. 
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Thc=te  Bptit  profliirtfl  arc  all  amino-acidn.  some  of  them  bpjonging  to  the 
fatty  acid  (aliphatic)  KL'ries  of  carbon  cuiui>oun<ls,  tiome  Iv  the  aromatic 
(carDocycHc)  series,  and  some  to  the  heterocyclic  (pyrrol,  indol)  series.  In 
what  may  he  considered  tlie  simplest  proteins  occurring  in  nature— namely, 
the  protamine  found  in  the  spermatozoa — only  from  four  to  six  of  thei»e  erouptf 
occur,  while  in  some  of  the  more  familiar  proteins,  Huch  as  fterum-albumm 
or  caaein,  a  much  larger  number  is  found.     The  "-amino- ufida  of  which  theac 

n 

end-products  conaiHt  all  contain  the  grouping  — C — NH„  and  Fischer  has 

aM3H 
shown  that  such  bodies  possess  the  property  of  combining  with  one  another 
to  make  coraplev  moleciileji  oontAining  two,  three,  or  more  groups  of  amino- 
acids.  Tlie  coinbmiilion  lakca  place  with  the  elimination  of  wat^r  fonn^ 
bv  tlie  union  of  the  OH  of  the  carboxyl  (COUH)  group  in  one  aoid  and  the 
H  of  the  aminr*  (Xrtj)  group  in  another.  Thus,  two  molecules  of  amin'>acetic 
acid  (glycocoU)  may  be  made  to  unite  to  form  a  compound,  glycylglyein,  aa 
follows: 

XHjCH^OOH  +  MIiCHjCOOII  — H,0  =  NH,CH,CONHCH/^OOH. 

Glycoeoll.  GlycocciU.  Glycylglycia. 

Compovmds  of  this  kUid  are  designated  by  Fischer  as  peptids.  When  formetl 
from  the  union  of  two  amino-arids  they  are  known  as  dipcptids:  from  three, 
as  iripeplids,  ate.  The  more  complicated  conipoundrf  of  tliis  sort,  the  poly- 
peptids,  begin  to  show  reactions  Nimilur  to  tho.se  of  the  prntnin-s.  Some  of 
them  give  tlio  biuret  rcactioti.  some  are  acted  upon  an<l  split  by  prote«>lytic 
enzymes.  U  scL'ins  justifiable,  tlierefore,  to  consider  proteins  as  esscntiallv 
fwiypeptitl  eompoimds  of  greater  or  less  complexity — that  is,  they  are  acia- 
amkls  formed  bv  the  union  of  a  number  of  «i-araino-ttcid  co!n[K»und8.  This 
conception  of  the  structure  of  the  protein  molecule  explains  a  number  of 
their  general  chanicteri sties — ^for  instance:  (I)  The  fact  that  they  are  alt 
decomposed  and  yield  similar  products  untler  the  influence  of  proteolvtio 
enzymes  or  Ixjiling  diJute  acid.  (2)  The  fact  that  the  prot«ins  are  all  so 
iilike  in  their  genend  prnporlift?*  in  spite  of  the  great  differences  in  the  com- 
plexity of  their  molecular  structure.  (3)  The  fai^t  that  they  show  Ixjlh 
basic  and  acid  characters.  (4)  Tlie  fact  that  they  lUI  give  the  biuret  reac- 
tion* isec  beiow). 

In  addition  to  the  amino-acids  t»ome  pn>teins — egg-albumin,  for  example 
—yield  a  carbohydrat-e  body  upon  decomposition.  The  carbohydrate  ob- 
tained is  an  amino-sugar  compound,  usually  gluooaamin.  <  «K|.i^<>s.  It  is 
detected  by  its  reducing  action  and  by  the  formation  of  an  osazone.  It  seems 
probable,  therefore,  that  some  of  the  proteins  at  least  contain  such  a  group- 
mg  ufi  part  of  the  molecular  complex,  but  at  present  it  is  undetermineii  how 
muTiv  |M>ssess  UiIh  |>**culi;iriiy  of  structure. 

General  Reactions  of  the  Proteins. — It  is  evident  from  what  has  l>r<>n 
said  in  the  preceding  paragraph  that  protoin.s  may  give  different  reactit^ns 
according  to  the  kinds  of  groupings  contuinol  in  the  molecule.  The  reac- 
tions common  to  all  proteins  are  ifew  in  number,  the  most  r^^rtain  perhaps 
being  the  biiuvt  reaction,  the  hydrolysis  by  proteolytic  cnzj'meM  or  putre- 
factive organisms,  and  the  nature  of  the  split  products*  fornie<l  by  these  latter 
hydrolyses  or  by  the  action  of  boiling  (tiluto  arids.  A  very  farge  number 
of  reactions,  however,  have  lM»en  described  which  hold  for  wjme  or  all  of 
the  proteins  usually  found  in  the  tissues  and  linuitls  of  the  ho<lv  These 
itjaelions  may  be  describtni  under  two  lu^ads:  (1)  rrecipitation  of  the  protein 
when  in  solution;  (2)  color  reactions. 

*  For  further  details  see  f'ohnheim.  "Chemie  der  EiweisRk5rf.>er, "  K»<'ond 
etUtiou.  1904;  or  Ilammarsten,  "Physiological  Chemistry,"  translated  by 
Mandel,  fourth  edition,  New  York,  1904. 
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/.  PrfcipUanU. — For  one  or  another  protein  the  following  reagents  cause 
precipitfltion: 

1.  The  addition  of  an  excess  of  alcohol. 

2.  lioiliiig  fhoat  coagulntiou). 

3.  The  addition  of  minertil  acids, — r.  tf.,  nitric  acid. 

4.  The  .salts  of  the  hca\-j'  mctaLs.^ir.  tj.^  acetate  of  lead,  copper  sul- 

phate, etc. 

5.  Addition  of  neutral  salt.**  of  tlie  [itkalie^  to  a  greater  nr  \e>ss  degree 

of  concentration. — f.  j/..  sodium  chlorid,  aniimwiiiifii  sulplmte. 

6.  Ferrtx-yaiiid  of  potassium  after  previous  acidiliration  by  acetic  acid. 

7.  Tannic  arid  after  j)revious  acidiBi-ation  by  acetic  acid. 

8.  Pltoepliotungbtic  or  phogphoniolybdic  acid  in  tiie  presence  of  free 

mineral  aciiU. 
0    lodin   in  .'solution  in   potassium   iodid,  after  previous  acidification 
nith  a  mineral  acid. 

10.  F^cric  acid  in  solutions  acidified  by  organic  acids. 

11.  Trichloracetic  acid. 

Tliis  hst  niiglit  be  extcndetl  still  further,  but  it  coniprifie?  the  precipi- 
tating reagents  tliat  are  ordinarily  us^ed.  S<Hne  of  tliem,  particulurly  Noa. 
7,  S,  and  9,  give  reactions  in  solutions  containing  exces-stvely  minute  traces 
of  protein. 

12.  Precipitins.  In  this  roriTic<tinn  a  brief  reference  may  be  made  to 
tlie  interesting  group  of  l>oilics  known  m*  precipitin.*'.  An  statetl 
on  p.  399,  the  animal  nrgunjsni  luis  the  jKJwer,  when  foreign  celU 
are  injected  into  it,  of  fomting  anti-bodies  by  a  sj«ci6c  biological 
reaction.  It  ha^  been  discovered  that  anti-l>OLlicM,  or  an  they 
are  called  in  thi.s  ca.>*e,  precipitins,  nmy  l>e  pn.iiluced  in  the 
flame  way  if  prolcin  .s<tlution.s  or  solutions  of  nmnjiil  tissue  an*  in- 
jected into  the  cirnilation.  ThiLs.  if  cowh'  milk  be  injected  imflcr 
llie  Mkin  of  a  nibbit  there  will  Ih»  produced  uitlun  the  rabbit's 
blooil  a  precipitin  which  is  capable  of  preripilaiing  the  casein  of 
cows'  milk,  although  it  may  have  no  action  on  the  milk  of  other 
animals.  In  the  same  way  any  given  foreign  protein,  when  injected 
under  the  skin  of  an  nninud,  nuiy  causi^  the  itroductinn  of  a  pre- 
cipitin capable  of  precipitnting  that  particular  protein  from  its 
solutions.  Tl»e  precipitin  is  not  absolutely  specific  for  the  protein 
iLBcd  to  protluce  it,  but  nearly  so.  If  a  rabbit  in  imumnized  with 
Innnan  bluiKl  a  precipitin  is  pnHluceil  in  the  ainmul's  blood 
which  catisps  a  precipitate  when  mixe<i  with  human  bl(Kwl  or 
with  that  of  some  of  the  higher  monke\*s,  but  give**  no  reaction 
with  the  IiUkxI  of  other  manimaU.  Tlie  reaction  may  l>e  u*ed, 
therefrire,  in  a  measure  to  test  the  blood-relation-ship  of  different 
animals*  It  lias  been  suggested  that  the  reaction  may  also  be 
of  practical  im[M>rtanre  in  medicolegal  cases,  in  dclcrinining  whether 
a  given  blooil-stuin  is  or  is  not  human  bliKxI.  Tor  such  a  pur- 
pof*e  a  human  antisenun  Ls  first  prrxluecd  by  injecting  human 
serum  into  u  rabbit.  'Hie  serum  of  the  rabbit  is  then  mixed  with 
an  extnu't  (»f  the  sxwpected  blood-stain  made  with  salt  solution; 
if  a  precipitate  forms  it  proves  that  the  blood  stain  is  human  blood 
provideil  the  posvsibility  of  its  l:>eing  monkey's  blood  ia  excluded. 
Concerning  the  nature  of  the  precipitins,  little  w  known.  They 
combine  quantitatively  with  the  protein  precipitalctl  and  they 
are  inactivated  (hema'tosera)  by  a  temiH?rature  of  TD**  (.'.  Their 
reactions  are  not  sufficiently  s|>ecific  to  l>e  usetl  as  a  means  of  de- 
tecting or  distinguishing  closely  related  proteins. 

//.   The  Color  ReactUm*  of  Proteins. 
1.  The  biuret  reaction.     The  protein  solution  is  made  strongly  alkaline 
with  caustic  soda  or  potash  and  a  few  drops  of  a  dilute  solution  of 

*  For  many  interesting  experiments  and  the  literature  see  Nuttall,  *'  Blood 
Immunity  and  Kclatiouship."     Cambridge,  190-1. 
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copper  sulphate  arc  added  carefully  so  as  to  avoid  an  excess.  A 
purple  eolur  is  ublaiuwi.  Some  proteins  (iwplonea)  pive  a  r<>d 
purple,  otlicrs  a  blue  purple.  If  only  a  blue  color,  withoul  any 
mixture  of  red,  is  obtaine<l,  no  protein  is  present.  At  pre.««nt 
lliis   reaction  gives  the   twat  tiingle  test  for  pnnein.      It  <ilnains 

its  name  from  the  fact  that  it  is  given  by  biuret   HN--  pHv-{}'.  a 

coiniKJund  that  may  be  formed  by  liealiiig  ureu.  Two  nioticules 
of  urea  give  off  a  iiiuleeule  uf  amnionic  and  form  biuret. 

2.  The  Millon  reaction.  The  protein  solution  is  boiled  with  Millon'* 
reagent.  The  nululion  or  the  precipitate,  if  one  is  forme<i,  takes 
oil  a  reddish  color,  wlticli  varies  in  intensity  with  dilTerent  proteins. 
Millon's  reagent  consists  of  a  solution  of  mercuric  nitrate  in  nitric 
acid  containing  some  niercun»us  nitrate.  This  reaction  is  supposed 
to  be  given  by  the  lyrosin  loxy-aromatic)  groupmjt  in  the  protein 
nmlecule.  an.!  fails,  tiierefore.  with  those  proteins  in  wliicli  tyro«in 
is  not  present. 

3.  The  .xaiituoproteii:  reaction.  Nitric  acid  is  addetl  to  *trong  acid 
reaction  and  the  solution  is  then  boiled.  After  coohne  ammonia 
is  added.  The  ammonia  cauiws  llie  development  of  a  dee|vyellow 
color  if  protein  is  pre^enl.  This  reaction  is  .^^uppt^sed  to  lie  due 
to  the  presence  in  the  molecule  of  the  groupings  belonging  to  the 
arotnatic  series. 

4.  Adamkiewie-i's  reaction.  A  mixture  is  made  of  f»ne  vohmie  of  con- 
centrated i-ulphuric  and  two  volumes  of  glacial  noetic  acid  ;  if  the 
protein  solution  is  added  to  this  niixtnrt*  and  warme<I  a  n.-ddi-sh- 
viojet  color  is  obtained.  Acoitrditig  to  Hopkinp  nnd  Cole,  the  re- 
action depends  upon  the  presence  of  glyoxylic  acid  in  the  acetic 
acid.  This  reaction  ^ecms  to  be  due  to  the  tryptophan  p^uping 
in  the  protein  molecule. 

5.  Licbermann's  reaction.  Dry  protein  purifietl  with  alcohol  ancl  ether 
gives  a  blue  color  up«in  boilinc  with  strong  hydrochloric  acid. 

6.  The  lead  sulphid  reaction.  The  protein  solution  is  boiled  \sith  a 
sohition  of  a  lead  salt  made  Mronply  alkaline  uith  soda  or  {wtash. 
A  blaek  precipitate  or  black  or  bmwn  rnloration  results,  according 
In  the  amount  of  protein.  The  color  is  due  to  the  sphiting  off  of 
sulphur  and  formation  of  lead  sulphid.  It  is  Kiven,  thereiore,  by 
the  sulpluir-eontaininK  gnnips  in  the  protein  mfdecide. 

7.  Thi'  Moli*irh  reaction.  A  few  drope  of  an  alcoholic  solution  of  o- 
nnphthol  are  added  to  the  protein  solution  and  then  slrt)ng  sul- 
pimric  acid.  A  violet  color  is  obtaine<l.  This  reaction  is  given 
by  the  carbohvdrnte  grouping  in  tlie  protein  molecule.  Tlie  simng 
acid  forms  furfurol  fnmi  this  groun,  which  tlien  reacts  with  the  nnph- 
thol.  The  reaction  is  not  given  by  those  proteins  that  do  not  con- 
tain a  carbohydrate  group. 

Classification  of  the  Proteins.— Xo  ela-«*si(icalion  of  the  proteins  has 
been  projwised  which  is  entirely  satisfactorj'.  Kventunlly  ft  classifieution 
will  he  obtained  ba.'^pd  upon  the  chemical  structure  nf  the  various  pntteinfi. 
but  our  knowledge  at  present  is  much  loo  incomplete  for  this  purj»o*se.  W> 
must  he  content  with  a  less  satisfactory  ^stem  based  upon  empirical  reac- 
tions which  liave  gradually  been  recognized  in  the  course  of  pnysiological 
investigations: 

'  Albumins. 

Globulins. 

Albuminates  or  derived  albumins. 

Nvicleri-ulbumins  ( phosphoproteins). 
i  Proteoses  and  peptones. 

Histons. 
.  ProtMiuins. 
I  Coagulated  proteins. 


I.  Simple  proteins 


r  Chrornaprotnins  (hemoglobin,  tieniocyonin,  ete). 
ompound  proteins  r  Gliintprotcins. 
I  Nudtiiprttteins. 
Koratin. 

Ela^tin. 

CoUa^ten  if^el&lin). 

Rcticulin. 


IIL    Albutninuidx    (pro- 
tHn-like  tx>die8) 


The  Albumins.^Iii  arlditJon  lo  the  olbuniitis  found  in  the  relliil»r  tis- 
sues, the  cell  iiU>u]iiiiiis^  f he  luiispiruous  e\aiiiples  of  thi.^  group  are  .serum- 
alliuniin,  inilk-alhiiniin  (latlAtliuiiiinf ,  and  cgg-idbiimiti  (ovulliuniin).  They 
are  characterized  as  n  t-iuss  by  the  fata  that  they  art^  coagiilahlp  by  heat  iu 
flolutions  with  a  neutral  or  ai'iil  reatLiun,  and  are  soluble  in  water  free  from 
•ftlts.  In  arcoreJiinrc  with  ilie  lulter  part  of  this  definition  they  are  not 
precipitated  by  diaKviy.  They  are  preeipitaiwi  from  their  solutions  with 
more  dilficulty  by  saturation  with  neutral  salts,  armnoniuni  sulphate,  than 
ihr;*  |u;lobulin4  with  which  they  aro  uMuiDy  asKooiat<>d.  Kmpirically.  as  re- 
gards the  liquids  of  tlie  body,  it  is  .stattxl  that  they  require  mure  ih'in  half 
Mituralifin  with  anunonium  hulphate  for  precipitation  (^ee  section  ou  BUkxI). 
All  three  albumins  referreii  to  here  nu»y  lie  obtained  in  ('r\*stalli7^d  fttrm. 
Tliev  are  not  pret-ipitatcd  by  Katuration  with  potlium  chlorid  or  mapici^ium 
:aulpl^iate  ladess  the  .solution  is  made  acid.  They  are  rich  in  sulpliur,  ton- 
taininff  from  l.)i  to  2.2  jier  cent. 

The  Globulins.— Proteins  Ijelonplng  to  this  group  are  found  in  the  cell 
tisftue^  toRctlicr  with  albumins.  Tlie  fnniH  tliat  have  been  most  studied 
are  sennii-ghibulln  (puniKlobulin)  tiiul  fibrinngen  (hUM^Nl,  lymph,  and  trunsu- 
data),  milk-globulin  (lactoplobulin),  and  egg-globulin.  As  contracted  with 
the  albumins,  they  are  coagulable  by  heat,  but  are  not  soluble  in  water  free 
from  salts.  In  consequence  of  this  Uu^t  pro[>erty  they  an?  preripitalcd  b^ 
dialysis,  lliis  reaction  is  not  distiru-tive,  however,  as  the  precipitation  is 
not  complete.  S^^mie  of  the  so-i-alled  gUtbulin  remains  in  solution  after  the 
trails  have  l>e*"n  removed  as  rompletf^iy  as  possible  by  dialysis.  They  are 
alno  precipilaied  partially  from  their  dilute  solutions  by  the  addition  of 
weak  acids  or  by  a  stream  of  rnrlKui  d]r»xid  Pructirally  they  arc  isolated 
from  arrompanving  alliumins  by  jirecipitation  with  neutral  salt*!.  In  neu- 
tral solutions  t()e  globuUns  are  tonipletely  preripiiateii  by  saturation  with 
maicn^iitt^  sulphate  or  half  saturation  with  ammonium  sulphate.  In  the 
hlooti  several  difTerent  forms  of  globulin  are  di-stlnguishetl  by  the  degree  of 
saturation  with  mniiMmium  sulphate  necessary  for  their  precipitation  («ee 
BIikkI).  The  separations  made  by  this  rnethrwl  are  not,  however,  satisfac- 
torj'.  Nor,  indeed,  is  the  reparation  between  globulins  and  albumins  alto- 
gether satisfactory.  It  woidd  seern  that  tlu»*»e  proteins  are  so  closely  related 
that  distinctive  reactions  an-  ilifficult  to  obtain  on  account  of  the  existence 
of  forms  intermediate  between  the  e\tr«'mes  that  an*  used  an  ty|x?s. 

Albuminates  or  Derived  Albumins.  -.Sin(*c  the  albtmuns  and  globulin<i 
occur  normally  in  the  tissues  lind  liiHiids  r»f  the  b<xly.  tliev  arc  frcipicntly 
designated  as  the  native  pnjti^ns.  Tht-  albuminati's.  on  the  contrary-,  are 
derive<l  from  these  native  pruti-irH  by  the  action  of  stnang  acids  or  alfcalieii. 
We  distinguiflh.  therefi>rc.  ari<l  and  alkali  albuminatt^.  They  are  nearly 
insoluble  in  water  or  in  water  ci>ntaining  small  amounts  of  neutral  salts. 
They  are  readily  soluble  in  dilute  acid  or  alkaline  solutions  ;  are  not  pre- 
cipilal^ni  by  heat,  but  an-  prccipitale^l  readily  iipon  neutralization. 

Hue leo-al burnt ns  iPhosphoproteins).— This  name  may  be  applied 
to  a  gro»ip  of  native  proteins  which  are  cliaraclorizeii  by  ccmtaining  phos- 
ptiorus,  such  as  casein  of  milk,  viteltin  from  the  yolk  of  the  egg.  and  va- 
rious similar  proteins  found  in  the  evtoplnsni  of  the  cellular  element*.  They 
ore  often  rlas.seii  with  or  confounded  with  the  nucle<J proteins  (or  nucleo- 
albumins)  fnun<l  in  the  nuclei  of  the  cells.  These  latter  belong  to  the  crjm- 
pound  proteins  and  on  decoinf>uKition  yield  nucleic  acid  or  lis  split  products, 
th«*  purin  bases,  etc..  whereas  the  group  now  imder  consideration  gives  no 
Burh  result,  yielding  on  decomposition  so-called  p«eudonuclein  or  paronttclein, 
which  is  not  a  nuclein  at  all.  but  a  pliosphoru*- containing  protein  iKxly. 
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It  la  very  desirable  to  select  for  them  another  name  tlion  nucleo-aibumin, 
since  ttiey  contAin  no  nuclein.  C'ohnheim  suggenls  ttte  name  of  pli03iphi>' 
globulins  or  phowphoproteins.  In  uddiriou  lo  pliosphoru^  these  proleiua 
usually  contain  siune  iron,  but  tite  uinuunl  is  no  small  tliat  it  can  t^carccly 
he  present  a*  a  constituent  [mrt  of  the  molecule.  U  seems  more  prohahfe 
thnt  it  is  an  impurity.  Casein  contains  from  U.it  to  U.9  per  cent,  of  phi»8- 
phoruK,  vitellin,  1.31  per  cent,  of  pliusphorus  and  only  \'2  [wr  cent,  of  nitro- 
gen. Tliese  proteiuH  have  add  proper! ii'i*.  They  arc  not  sohibic  in  water, 
but  are  very  readily  sohible  in  dilute  alkalies.  Ttieir  solutions  are  not  coagu- 
lated by  heat.  Toey  show  tlie  u»ual  protein  reactions  and  give  the  ordi- 
nar>'  end-proflucts  of  hydrolytic  cleavage  upon  digestion  with  proteolytic 
cnxymcfl  or  Ixiilins;  with  dilut«  acid.  In  the  ca.Hein  it  ti&s  been  nhoun  sal- 
iafactoriiy  tlmt  uo  carboliydn\!e  grouping  ]^  pre.*ient  in  tlie  molecule. 

Proteoses  and  Peptones.  — TheM?  names  are  given  uj  the  intermedint£ 
proteins  formed  in  llie  process  of  digeMion  hy  the  proteolytic  cnxyuics.  Thry 
mav  also  be  obtainetj  by  the  hydrolyiic  action  o!  acid«  or  alkafic.'*  or  by  the 
Action  of  pmrefactive  orgimisms.  If  further  liydrolyzed  they  split  into  *ome 
of  l!ie  uiuino-aciiiM  already  referred  to  as  cun.stituting  the  end-pro*luct»  of 
protein  hydrulysis.  r^ince  tliey  are  obtained  m(»si  readilv  in  j>eptie  and 
lr>'ptic  digpsjtion,  they  Imve  hci*n  mjpnosed  to  be  ej^pecially  imiKtrtant  in 
tlie  alisorption  of  (lie  protein  foods.  Fliey  consist  of  buiuller  ajul  more  sol- 
uble molecules  tlian  those  of  the  prot<»in<  from  which  they  are  dcrivctl.  Many 
different  kimt*  of  pret^^M>sps  have  been  described,  but  it  is  difficult  to  assign 
abeiolutely  distinctive  characlcrislics  to  tliesw  eom[>ounds,  since  they  fonu 
a  scric.'*  of  products  intermediate  between  the  original  protein  and  the  slst^ 
of  peptones.  The  (>o-called  peptones  are  chantclerized  by  tlieir  tfolubil- 
ity  and  the  facts  that  they  are  not  coagulated  by  heat  and  are  not  precip- 
itated by  complete  saturation  with  ammonium  eulnhate.  They  give  tlie 
biuret  (red)  reaction  a.s  well  as  the  .xanthoproteic  ana  MillonV  reaction,  but 
are  not  precipitated  by  the  mineral  acids,  trichloracetic  acid,  picric  acid, 
acetic  acid  and  potassium  ferrocyanid,  etc.  They  are  precipilated  by  ]iho*- 
photunjrstic  or  pho-'pbomoIylHhc  acid.  Tlie  prnteose^  in  general  are  dis- 
tinguished by  tlie  following  rpiU'tiniM:  They  are  not  coagulate*!  by  beat; 
tliey  are  preoipituleil  from  their  solutions  by  the  addition  of  acetic  acid  and 
potassium  ferrocyanid;  they  are  precipitated  by  nitric  acid  and  this  precip- 
itate dissolves  on  wanning  and  reap|>eanj  on  cooling;  they  are  precipitated 
by  satiu'ation  with  anuinmiuru  sul]>hatc  and  bv  all  the  ^o-callod  olkaloidul 
reagents, — namely,  nhosphotungstic  acid,  trichloracetic  acid,  picric  acid, 
tannic  acid,  etc.  Tne  pri>teoflert  form  a  grou]i  the  meml^rs  of  which  are 
variou.'ily  uaiiied.  It  i.s  cu.stomar>'  to  i^peak  *if  the  i)rimary  proteoses  (pro- 
toproteose  antl  hetero proteose)  as  dislingubihed  from  tlie  secondary  pro- 
teoses (ticutcroproieoscrt  A,  li,  C).  The  fonner  re»«mble  more  the  native 
proteins,  while  the  latter  approach  the  i>eptoiiej».  The  di.'^inction  between 
the  primary  imd  .secondary-  jiroteoscs  is  made  chiefly  upon  the  eii.se  of  pre- 
cipitation. For  example,  the  primary  proteo-ses  are  T>recipitalcd  by  a  lower 
d^ree  of  naturation  with  anunonium  sulphate  ana  by  nitric  acid  alone, 
whereas  the  secfui«lar)'  proteose**  require  previous  saturation  with  a  salt 
(8o<lium  chlorid)  bofitre  nitric  acid  will  precipitate  them,  and  they  arc  pref-ip- 
itated  by  situration  with  ammonium  sulphate  with  much  more  dilficulty, 
some  of  them  only  after  mnking  the  reaction  acid. 

Protamins  and  Histons. — llie  protamins  have  been  obtained  (Miewcher- 
Ko^-^el)  from  the  heads  of  the  spermatozoa  in  !i.s)ie»,  in  which  they  exb^  in 
combination  with  nucleic  acitl.  They  differ  con.^idendily  in  the  .•«i»ennat.n»oa 
of  different  animals,  and  are  therefore  dengnated  according  to  the  zrndogical 
name  of  the  fi-sh  from  which  they  arise,  as  salmin,  sturin.  clupein.  wom- 
brin.  etc.  They  .'*how  a  biuret  reaction,  but  in  moet  eases  fail  to  give  MiUonV 
reaction.  On  hydroly.sis  they  give  split  products  which  consist  chiefly  of 
the  «>-called  diflminf»-l»oilies  ffirginin.  histidin,  lysin)  rather  than  the  mon- 
amino-acids.  Some  of  the  latter  may  occur,  however,  such  as  alunin.  Herin, 
aniinmiderianic  or  "-pyrrollidin-carhoxylic  acid.  The  pn>tamins  all  (five 
an  alknline  reaction,  form  !*alt3  with  acids,  and  are  precipitates!  easily.  Their 
molecular  structure  ia  relatively  simple.     Salmin  is  given  the  formuUi  Cj„Hjr 
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NpO,.  Tlie  molecule  contains  no  Rvii|iluir  am)  is  chametcrized  also  by  iu 
l&rgi:  perrentage  of  nitrogen.  Protatnin  must  be  regarded  as  the  simplest 
form  of  protein  ocrtirring  normally  in  the  animal  iKxiy,  a  protein  in  whieh 
manv  of  the  ^nmpingH,  such  as  cyHtin,  typosin,  earbohvdratcH,  found  in  llie 
uaual  pnMc'in  molecule  are  entiri.-}y  lacking  ami  in  which  the  basic  groupings 
(arginin)  predominate'.  The  hisNms  form  a  wries  of  roni[>ound.s  internuMliale 
in  many  ways  between  tlie  protamins  anti  the  usual  proteins.  Tlic  reaction 
usually  considered  as  characteristic  of  the  class  i»  that  ihey  arc  precipitated 
by  ammonia.  They  are  precipitatjed  also  by  the  alkaloidal  reagent-s— <■.  g., 
pnoephulungHtic  acid — in  neutral  solutions.  Oniinnry  proteins  give  a  pre- 
cipitate with  these  reagents  only  in  ucid  ^iulutions,  wliiie  tUo  protamine  give 
one  even  in  alkaline  solutions.  Pmtaniins,  liiMnns,  and  tlie  usual  proteins 
form  a  series,  therefore,  in  which  the  biii^ir  r(\ic!tion  is  Icps  ami  less  luiirked. 
The  best  known  of  the  hi>*tonH  is  the  glubin  obfainixl  from  hemoglobin  ,  an- 
other form  has  In-en  obtnineii  from  the  niichM>hislim  in  the  white  corfniselcs, 
from  the  sperinatozon  of  muekerel  (scoiubron),  codfish  (gaduyhiKtun),  seji- 
urohin  (arbacin),  and  frog  (lotahtston).  They  do  not  occur  free  in  the  ii*iuids 
or  tissues  of  tlie  body,  but  ill  combination,  as  in  the  viu^  of  hemoglobin. 
They  give  the  biuret  reuetion,  a  faint  Millon  reaction,  and  aUo  respond  to  the 
tests  for  sulphur.  The  products  obtainctl  by  their  hydrolytic  cleavage  are 
much  more  numerous  than  in  the  case  of  the  protaniiiis-  a  fact  wliich  would 
indicate  that  their  iiiuleeular  structure  is  corresjKmdingly  more  complex. 

The  Compound  Proteins.— The  chromo]irnli':in.<t  may  be  drtincd  as 
eonsisting  of  a  simple  protein  in  combination  with  a  pigment  grouping,  nuch 
M  oevurs  in  the  caM»  of  hemoglobin.  A  number  of  Mich  com|M.>un<is  are 
known — hemoglobin,  hemoryanin,  hemerj'thrin,  chlon>cruorin — all  char- 
acterixcd  physiologically  by  the  fact  that  tliev  serve  to  transport  oxygen 
from  the  air  or  water  to  the  tisstu*.  On  boiling,  heating  witli  alkalies  or 
ftrids,  etc.,  they  reaiiily  ilecompif^i^  into  their  constituent  parts  tsee  Hlood). 
GtucoproU'ifui  are  compounds  of  a  carbohydrate  group  with  a  simple  protein. 
Numerous  bodies  hav«  twH-n  put  in  this  class  ;  some  of  them  c*mtain  ph<»p- 
phorun  Iphosphoglucoppoteins).  Those  free  from  phosphorus  fall  into  two 
divisions  :  one,  the  mucins,  which  on  dceomp>08ition  yield  tlie  carbohydniie 
group  in  the  form  of  an  aniino-sugar  (glucosamin),  and  i>ne,  the  chonJropro- 
teins,  found  in  the  connective  tis.suen  am)  In  the  palhological  substAnee  known 
an  amyloid,  which  yiehl  their  carbohydnite  group  in  the  form  of  ehondroltin- 
sulphuric  acid  ((',iII,;NS<>,.V  True  mucin  is  obtained  from  the  secretion 
of  the  .siUivary  glanrts  ami  the  mucous  glands  of  tl  e  various  mucous  mem- 
branes. The  nude*> proteins  constitute  the  mttbt  interesting  of  the  group 
of  compound  proteins.  They  are  recognized  as  forming  an  imjxirtant  con- 
stituent of  the  cell  nuclei.  They  mav  be  defined  as  consisting  of  a  compound 
of  simjile  pnitein  with  a  nucleic  acitV  In  the  nuclei  (head)  of  spermatoxoa 
the  eomixjund,  in  s<jmc  cases  at  least  (fishes),  contains  a  nucleic  acitl  and  a 
prol^min.  In  other  cases  the  prot<'in  constituent  i.s  more  complex.  On 
digestion  with  iH'jwin-hydrochloric  acid  the  more  complex  nucleoproteins 
split,  with  the  formation,  first,  of  a  protein  substance  ami  a  simpler  nucle<i- 
protein,  richer  in  phosf)horus  and  designated  afl  a  nuclein.  On  further  de- 
composition tlup  latter  yields  a  nucleic  acid.  Nucleic  acid  is,  therefore,  the 
characteristic  constituent,  and  a  number  of  diflferent  forms  have  l>een  div 
seriheii.  all  ricli  in  phosphorus,  hucIi  as  thymonucleic  acid,  Ralmonnucleic  acid, 
guunylic  acid,  etc.  On  hydrolytic  decomposition  tliey  yield  some  of  the 
purin  bases^xanthin,  guanin.  adenin.  etc.:  some  pj'rimidin  derivatives  - 
uracil,  thymin.  cytosin;  a  carbohydrate  (fn>up  pc^ntose,  levulinic  acid;  and 
phosphoric  arid.  These  final  decomixwition  products  are  characteristic  of 
the  true  nucleoproteins  as  distinguished  from  the  phospliorus-containing 
simple  proteins,  tlie  nueleo-albumins  or  phosphoproteins,  such  as  casein. 
The  |>erf'entiiffe  of  phosphorus  in  the  nucleoproteins  varies,  according  to  the 
eomtilexitv  of  the  molecule,  between  0.5  and  l.fi  per  (•ent. 

The  A 1  bum i acids.     This  genend  name  is  reserve<l  for  a  group  of  nitrou- 
enouH  bodies  found  chicfJy  in  the  mipf)orting  connective  tissues  of  the  body, 
such  as  the  keratin  of  the  epidermis,  liairs,  etc.;  the  dastin  of   the   elastic 
Gfl 
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connective  tUAues  ;  thf>  poUa^en  (ossein)  of  the  white,  fihrntis  rnnnwtivt 
tisHUP-K  and  hones,  from  wliicli  pclalin  is  made  :  ami  the  rcticulin  of  t!)r  rrtic- 
iiiar  oonnective  tissues  of  ihc  lymphatic  tissues.  Tticv  reseinhle  the  pro- 
teins closely  in  general  coniiKisition.  reactions,  and  eno-prodiictrf  nf  hy«lr»- 
lytic  clcavacc.  but  differ  from  them  evidently  in  some  wtructunil  feature, 
since  it  h;is  oecn  found  by  nutritive  e\perin»enl-s  tlial  they  cannot  be  used 
by  the  body  to  rcplivce  it*t  protein  tissues  (see  p.  81U).  C*oUagcn  leelalin) 
has  the  following  pcreiMitagie  composition  (Chittenden):  C,  49.38;  H,  6.8; 
N,  17.97;  .S,U.7;  0.25.13. 

DIFFUSION  AND  OSMOSIS. 

Ill  recent  years  the  pliyj-ical  conceptions  uf  the  nature  of  the  proceaasB 
of  diffuMon  and  o^^un.-(i.s  have  chaiif^ed  considerably.  An  the-se  newer  concep- 
tions have  entcHKl  largely  into  current  medical  literature,  it  seems  advis- 
able to  give  a  Ijrief  description  of  them  fur  the  Uf«  of  tho.-*  students  of  phy^ 
iolog}'  wl\o  may  l*e  unac<|Uainted  with  the  modern  nomenclature.  The 
verj'  limited  space  that  can  Ikj  devoted  to  the  subject  forbids  anything  more 
tliau  a  cundeiiHod  elementar\'  prB-^entatiou.  lor  fuller  infuruuition  rcfer- 
en<!e  must  be  made  to  sywciiil  treati.ses.* 

DiCfusionf  Dialysis,  and  Osmosis. — When  two  gase^  are  brought  into 
contact  a  homogeneous  mixture  of  the  (wo  is  soon  obtained.  Thin  inter- 
penetration  of  the  gasc-s  is  .spoken  of  lus  dilTufliou,  and  it  is  due  to  the  oon- 
ttnual  movements  of  the  gUKcom;  molecules  to  and  tin  within  the  limits  of 
the  confining  space.  So  also  when  two  miscible  li^juids  or  solutions  art- 
brought  into  contact  a  diffusion  occurs  for  the  same  rcajson,  the  movements 
of  the  molecules  finally  effecting  a  homogeneous  mixture.  If  the  two  liquids 
happen  to  be  .separated  by  a  membrane  diffusion  will  stdl  occur,  provided 
the  membrane  i.**  permeable  to  the  li<piid  molecules,  and  in  time  the  Mrpiids 
on  the  two  sides  will  be  mixtures  having  a  uniform  composition.  Not  onlv 
water  moh^ules,  but  the  m()lecu]cs  of  many  subst^mces  in  solution,  such 
jis  sugar,  may  pass  to  and  fro  through  membranes,  so  that  two  liquids  sepa- 
rated from  each  other  bv  an  intcr\ening  membrane  and  originally  unlike 
in  composition  iruiy  finally,  by  the  act  of  diffusion,  come  to  have  the  same 
composition.  IWffusion  of  this  kind  through  a  membrane  is  frequently 
spoken  of  as  dialysis  or  osmosis.  In  the  Ikwv  we  deal  with  aquemL-*  dilu- 
tions of  varioas  sul>stance.s  that  are  se|)arated  from  each  other  by  li^ing 
membran&s,  *iueh  as  the  walls  of  the  blood  capillaries  or  of  the  alimentur>' 
canal,  and  tlie  laws  of  diffu.'^ion  througii  mcmbrimes  are  of  iminediate  im- 
portance in  explaining  the  pa**sage  of  water  and  iliswolved  8\d«*tanees  througti 
these  living  septa.  In  aqueoa**  solutions  such  as  we  have  in  the  Ixxly  we  mu.st 
take  into  account  the  movements  of  the  molecules  of  the  solvent,  water, 
as  well  as  of  the  suljstances  dissolvetl.  These  latter  may  have  different  de- 
grees of  diffusibility  as  compared  with  one  another  or  with  the  wat«r  mole- 
cules, and  it  frei^ucntly  happens  that  a  membrane  that  is  i^ermeAble  to 
water  molecules  is  les?*  permeable  or  even  irupenneable  to  the  molecules  of 
the  suiwtanccs  in  solution.  For  this  rea.son  the  diffu*non  stream  of  water 
and  of  the  dis.solvetl  suljstance!*  may  be  differentiated,  as  it  were,  to  a  greater 
or  less  extent.  In  recent  years  it  has  bet^ome  customani'  to  limit  the  term 
nsmo?iis  to  the  stream  of  water  molecules  passing  through  a  membrane^ 
while  the  term  dialysis,  or  <iiffusion,  i.s  applied  to  the  passage  "^  *!»©  mole- 
cules of  the  substanees  in  solution.  The  osmotic  stream  of  water  under  var>'- 
ing  conditions  is  esi»ecially  important,  and  in  cftnnection  with  thus  procew 
it  i.s  necessary-  to  define  the  term  osmotic  pressure  as  ai>plied  to  solniimis. 

Osmotic  Pressure. — If  wc  imagine  two  masses  of  water  separated  by 
a  permeable  membrane,  we  can  readily  imdeistand  that  as  mimy  water  mow- 

♦Consult  Cohen,  "Physical  f'hemistr>-  for  Physicians  and  Uiologisls," 
translated  by  Fischer.  1903.  II.  ('.  Jones.  "The  Theory  of  Klcciroljtic  Di»»- 
aociation,"  190() :"  Diffusion  Osmosis,  and  Filtration,'  by  E.  W.  Keid,  m 
Schiifer's  "Text-book  of  Physiology."  1898. 
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rules  will  pa«s  tlirough  from  one  side  as  from  the  other;  the  two  streams, 
m  fact,  will  ueutruliie  each  other,  and  tlie  volumes  of  the  two  ma-sses  of 
water  will  remain  unchanged.  The  nmvpntcnt  of  the  water  molecule.'*  in 
Uus  caae  is  not  actually  oWnedj  Init  it  is  assumed  to  take  place  on  the 
theory  tliat  the  hquid  molecules  are  continuallj'  in  nitption  and  tliat  the 
membrane,  l)eing  penneable,  nffcps  no  obstacle  to  their  niovcmentH.  If. 
now,  GO  one  side  of  the  tncinbrmie  we  place  a  solution  of  t^ome  cryMalloio 
gubrtancc,  such  as  conimuu  salt,  jukI  on  tlic  other  nide  pure  water,  then  it 
will  be  found  that  an  excess  of  water  will  pixss  from  the  water  side  to  the 
•idfl  eoutuming  the  solution.  In  the  older  terminology  it  wiu  eaid  that  the 
'  salt  attracted  thi.s  water,  l)Ut  in  the  newer  theories  the  siauie  fact  is  expressed 
by  saying  that  the  salt  in  solution  exerts  a  certain  osniotic  prcftsure^  in  conse- 
quence of  which  more  water  flows  from  the  water  side  to  the  uide  of  the 
^ution  than  m  the  rever>«  direction.  As  a  matterof  ex])erinient  it  is  found 
that  the  osmotio  pressure  varies  with  the  amount  of  the  sut^t^tance  in  solu- 
tion. If  in  experiments  of  this  kind  a  teniii>ermeji)?le  membrane  it^  cho»en 
— that  i-i.  a  membrane  that  is  ijomieable  to  the  water  molecules,  but  not  to 
the  molecules  of  the  subhtajuce  in  wilution — the  stream  of  water  to  the  &itle 
of  the  crystalloid  will  continue  until  the  hydruKtatic  pressure  on  this  side 
reaohes  a  certain  point,  and  the  hydrostatic  pressure  tlms  caused  may  be 
taken  as  a  measure  of  the  osmotic  pressure  exerted  by  tlie  substance  in  solu- 
ttoii.  I'nder  t)ie»e  conditions  it  can  l>e  shown  that  tlie  osmotic  presaiire 
is  projuirtiontd  to  the  concentration  of  the  solution,  or,  in  other  words,  to 
tlie  nuiitber  of  molecules  (and  ions)  of  the  crystalloid  in  solution.  As  a 
matter  of  fact,  ni<»-l  of  the  membranes  tliat  we  liave  to  deid  with  in  the 
body  ure  only  approximately  semii>ermeable — that  is,  wliile  they  are  readily 
peruieable  to  water  molecules,  they  arc  also  jxjm^eable,  although  with  more 
or  Ie6»  difhculty,  to  the  sulistances  in  solution.  In  such  caj*es  we  get  an 
o«motic  stream  of  water  to  the  side  of  the  dissolved  crystalloid,  but  at  the 
«ame  time  the  molecides  of  the  latter  pass  to  some  extent  through  the  meni- 
lirune.  by  diffusion,  to  the  other  >'u\e.  In  course  of  time,  tnerefore,  the 
tlis»nlve<J  cr\*si,aIIoid  \y\\\  I*  ec]nally  distributed  on  the  two  sides  of  the  mem- 
brane, the  osmotic  pressure  on  l:*oth  sides  will  become  cciual,  and  osniotiis 
of  the  wuter  wiU  i-ease  to  l>e  ajiparent,  since  it  is  equal  in  (he  two  directiona. 
.\U  substances  in  true  sohition  arc  capalile  of  exerting  a-motic  prea-mre, 
and  the  imimrtant  di.'icoven,'  haa  \yeen  made  that  the  osmotic  pressure,  meas- 
ured in  tenns  of  atmospheres  or  the  pressure  of  a  colmnn  of  water  or  mep- 
cur>',  U  equal  to  the  gas  pressure  that  wouM  t»e  exerted  by  a  number  of 
molecules  of  gas  eoual  to  tliat  of  tlie  cr\'stalloid  in  solution,  if  confined  within 
the  same  space  anu  kept  at  the  same  temi»eniture.*  A  perfectly  salL«factoipr 
explanation  of  the  nature  of  osmotic  pressure  has  not  been  furnished.  A\e 
miMt  be  rnntent  to  use  the  term  to  express  the  fact  described.  It  is  a  matter 
of  great  imiK>rtJince  t<>  measure  the  ot^niotic  pressures  of  various  solutions. 
,\s  was  stated  uImivp,  this  nie.'isuremont  can  be  made  for  any  solution  pro- 
vided a  really  Memii»ermeuble  membrane  is  const ructe<l.  As  a  matter  of 
fact,  however,  the  use  of  such  nicml>ranes  has  not  been  general.  In  actual 
experiment-**  other  methods  have  been  eniplo>*e<l,  and  a  brief  statement 
of  a  thenretical  and  a  practical  niethwl  of  arriving  at  the  >'alue  of  ofcmotic 
pressures  may  l»c  of  senice  in  further  illustrating  the  meaning  of  the  term. 
Before  stating  these  methods  it  becomes  necesRar>'  to  define  two  terras — 
namely,  elcctmlN'tcs  and  gram-molecular  solutions — that  are  much  u^d 
in  this  connection. 

Electrolytes. — The  molecules  of  many  mbttlanreit  when  brought  into 

♦  The  interesting  researches  of  Morse  and  l-'razer  ("Tlie  American  Chemi- 
cal .Toumid,"  at,  1,  1905),  who  have  succeede<l  in  making  semii»ermeable 
membranes  Ln  such  a  form  as  may  be  used  for  detennining  directly  the  os- 
motic pressures  of  eoucentratc<l  (normal)  stilutions,  have  »how7i  that  this 
law  is  not  aecumtely  stated.  The  actual  pres.'^ure  is  that  which  would  bo 
exerte<l  if  the  particles  in  .solution  were  gasified  at  the  same  temperature  and 
kept  to  the  volume  of  the  pure  solvent  used  (water),  instead  ol  the  volume 
of  the  entire  solution. 
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a  ftiite  of  solutiun  arc  Iiclievcd  to  be  dissociated  into  two  or  more  parts, 
known  as  ion.s.  The  completeness  of  the  dissociation  varies  willi  the  sub- 
stance UBe<i,  and  for  any  nne  substance  with  the  deprce  of  dilution.  Rougbly 
speaking,  tlie  greater  the  dilution,  tlie  more  nearly  complete  \b  the  di5f:<)cia' 
tion.  Tlie  ions  liberated  by  tliis  act  of  dissuciution  carry  an  electrical  chaqsv 
and  when  an  eleetrieal  current  is  led  into  ihc  w>Uition  it  i«  condncteil  in  a 
definite  direction  by  the  niuveinenl«  or  miration  of  the  charj^ed  ionp.  The 
molecules  of  perfectly  pure  water  underg«.>  niniost  no  dissociation,  and  water, 
thereiore,  doea  not  appreciably  conduct  the  electrical  currcnl.  If  oome 
Na('l  is  dissolved  in  water,  a  certain  number  of  its  molecules  U'cimie  dist- 
sociatx'd  into  a  Xa  ion  charged  puiiiiivcly  with  elerlricity  ami  a  fl  ion  cliur^cd 
negatively,  and  the  solution  becomes  a  conductor  of  the  electrical  current, 
tiutistonces  that  exliibil  lUis  propert^^  of  ditusuciation  into  elcctricanv-'*harg«l 
iona  arc  known  OS  clectrolyta*,  to  distinfcvnt^h  thcni  from  other  sofnble  ruIk 
stanccK,  such  as  sugar,  ttmt  do  not  diii»ociate  in  ^^oliitiun  and.  therefore,  do  not 
comJuct  the  electrical  cnrrmit.  Sjieaking  jieniTallv.  it  mav  be  »iuid  that  all 
saltH,  baacs,  and  acids  belong  lo  the  (jroup  of  elect rf^lj'tCf*.  The  conception  of 
eiectnjlytes  is  very  iiniKjrtujit  for  llie  reason  that  the  act  of  diK'-ociation  ob- 
viously uicreost's  the  number  of  particles  inoviiiK  in  the  solution  ami  !hrf»»l>y 
increases  tiie  oBiuotic  pressure,  pince  it  haf«  been  found  experimentally  that.  m» 
far  a*  u^uiotic  pressurea  are  concerned,  an  ion  plays  the  same  pari  as  a  mole- 
cule. It  follows,  therefore,  thai  the  o»:motic  prest-ure  of  any  pi ven  electrolyte 
in  soit^iLon  is  incrensetl  in  j^roportion  to  the  dceree  lo  which  it  is  disftirialfd. 
As  the  liquids  of  the  body  contain  electrolj'tes  m  Kilution  it  become*  neces- 
sar)-,  in  eHlimatiiiR  their  o.-^motie  pressure,  to  take  this  fact  into  consideration. 

Gram-molecular  Solutions. — The  concentration  of  a  piven  sulxttaore 
in  solution  nmy  be  slated  by  the  u:*uaJ  mcthoil  of  ftenentages,  Imt  froni  the 
^taiulpoint  of  osmotic  pressure  a  more  convenient  methofl  is  the  nse  of  the 
unit  known  as  a  gram-molecular  solution.  A  gram-n»olecule  of  any  sub- 
stance is  a  (piantity  in  grarns  of  the  substance  equ&l  to  its  molecular  weight, 
while  a  gram-moletmlar  solution  is  one  containing  a  grutn- molecule  of  the 
euKstance  to  a  liter  of  the  solution.  Thus,  a  gram- molecular  solution  of 
sodium  chWid  Ls  one  containing  58.5  gias.  (Na,  23;  CI,  35.5)  of  the  salt  to 
a  liter,  while  a  gram-molecular  solution  of  cane-sugar  contains  342  gms, 
(C,,HaO,,)  to  a  liter.  Similarly  a  gram-molocule  of  H  is  2  gms.  by  weigltt 
of  this  ga.^,  and  if  this  weight  of  H  were  compres.«eii  to  the  volume  of  n  liter 
it.  would  be  comnaralile  to  a  gram-molecular  solution.  Since  the  weight 
of  a  molecule  of  H  is  to  the  weight  of  a  molecule  of  c:uie-isugar  oa  2  is  to 
312,  it  follows  that  a  liter  containing  2  pms.  of  H  has  the  j^ame  numlxr  of 
molecules  of  H  in  it  a-s  a  hter  of  ^olution  containing  342  ^ms.  of  sugar  Iiba 
of  sugar  molecules.  On  the  a^simiption  iJiat  a  molecule  in  rolution  exerlA 
an  osnioiic  pressure  that  is  exactly  equiU  to  the  ga'^-pressure  exerted  by  a 
gas  molecule  moving  in  the  same  space  and  at  the  f=ame  tem|*mture,  wo 
are  justifie<l  in  saying  that  the  osmotic  pressure  nf  a  gram-molecular  .solu- 
tion of  cane-sugar,  or  of  any  other  sulw-i-ance  that  is  not  an  electrolyte,  is 
equal  to  the  gas-predsure  of  2  gms.  of  H  when  comprestsed  t<»  the  volume 
ol^  I  liter.  This  fact  gives  a  means  of  culcuiatinp  the  osmotic  prewure  of 
i*ohitions  in  certain  c;i.ses  according  to  the  following  method: 

Calculation  of  the  Osmotic  Pressure  of  Solutions. — To  illuBtrate  this 
metlioil  we  may  take  a  simple  problem  such  as  the  <letennination  of  the 
osmotic  pressure  of  a  1  i^er  cent,  .solution  of  cano-suEar.  One  gm,  of  H  al 
atmospheric  jires.Mire  orcupio  a  volume  of  ll.lti  liters;  2  gms.  of  H.  tliore- 
fore,  under  the  same  conditions  will  occupy  a  volume  of  22.32  liters.  A 
gram-molecule  of  II — that  is,  2  gms.  of  H — wlien  brought  to  the  vohunft 
of  1  liter  will  exert  a  gas-pressure  equal  to  that  of  22.32  liters  compresse*! 
to  1  liter — that  is,  a  pres.**ure  of  22.32  atniospheres.  A  gram-molecular  wlu- 
tion  of  cane-sugar,  since  it  contains  the  same  number  of  molecule**  in  n  liter, 
must  therefore  exert  an  osmotic  pressure  equal  to  22.32  atmospheres.  A 
I  per  cent,  solution  of  cone-sugar  contains,  however,  only  10  gins,  of  5Ugar 
to  a  liter;   hence  the  o^imotic  pressure  of  the  sugar  in  such  a  solution  will 

bo  g^  of  22.32  atmosphopes,  or  0.65  of  an  atmosphere,  which  in  terms  ol 
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n  rnltimn  of  mercun*  gives  7fiO  X  Oflfl  =  494  iiiniR.  Tlii'*  figure  expresses 
the  osmotic  prK«ure  of  a  I  f>er  rent,  solution  of  caiie-i^tigar  when  dialyzed 
ngaiii^it  pure  water  thruugh  a  niciuLraJie  iiii))eniieu)>le  to  tite  i^ugar  niulerules. 
Id  «uch  an  exi»eriinent  water  wnuUl  yns.^  to  the  -^iigar  Hide  uiiti)  ihe  hviiro- 
fitatie  pre^ure  oq  this  Pide  was  itir-reased  by  an  nniount  etpial  to  ihe  pres- 
sure of  a  colujHii  of  iiierniry  4m  rnin>.  higli.  Certain  uilditiona]  culiulattons 
that  it  i.-«  rietessari'  lo  iimko  for  the  t4>iii|>rrHture  of  the  snUitittn  need  not  be 
Bpcoified  in  this  roniiection.  If,  however,  we  wish  lo  apply  this  method 
to  the  cah-ulation  <pf  the  (i.-motie  pres.-iure  of  a  given  solution  of  lui  eiertro- 
l\*te,  it  is  netesrijirv  first  to  jL-^i-erlain  the  degree  of  dissfK'iatiim  of  the  clectro- 
l>te  into  its  ioiij*.  siure,  a.s  «as  saiil  above,  dissofialion  inrrea-^s  the  num- 
ber of  parts  in  iKihition  mul  to  the  «aine  extent  increaws  o^imotic  pressure. 
In  the  iMxiv  the  liquids  ihiit  rorifeni  us  contain  a  variety  of  auV>«tance«  in 
»olutii>n,  efeetrolytew  as  well  as  non-t']ei'trul\'teM,  In  oftler,  therefore,  to 
calculate  the  osmotic  pressure  of  sui-h  i-oniplex  f*oluiionH  it  is  necetwary  to 
aAcenain  the  amount  of  e^uh  sutwlanre  |)rer*ent,  and,  in  t!ie  raj*  of  electro- 
lytes, the  degree  of  disf^K'iation.  I'lider  eA^>erimcntal  conditions  Fuch  a 
calculation  is  pnulically  inirKwsible.  and  riHourse  niuM  l«  liad  to  otiier 
roetho(U.  One  of  the  sifnplesl,  and  nuiM.  easily  applictl  of  thes<'  methods 
ia  the  detenninsitioa  nf  tlie  fre^-zing  iH)im   of  the  sonilion. 

Determination  of  Osmotic  Pressure  by  Means  of  the  Freezing  Point. 
— Tl»is  melhfwl  defwnds  upon  the  fact  that  ine  freezing  point  of  water  '\»  low- 
ered by  Kubstunces  in  Bolution,  and  it  has  been  discovered  that  the  amount 
of  lowering  is  protxirtiomd  to  the  number  of  parts  (molecules  and  ions) 
present  in  the  >ohition.  Since  the  osmotic  j)restiure  is  also  nniportional  to 
the  nuntber  of  [>arttf  in  Folution,  it  is  (H>nvement  to  take  the  lowering  of  the 
freezing  point  of  a  solution  ai  an  index  or  measure  of  it*  osmfitic  pressiire. 
In  practice  a  simple  apparatus  (Beckmann's  appamtns)  is  vised,  consisting 
ORBentiaUy  of  a  ver>-  delicate  and  adjustable  diltcrential  thcnnomcter.  Hy 
means  of  thi.'^  in&i:niment  the  freezing  point  of  pure  water  is  first  ascertained 
upon  the  empirical  scale  of  the  thermometer.  The  freezing  point  of  the 
solution  under  examination  is  then  determined,  and  the  nund>er  of  degrees 
or  frai'tions  of  a  dogrue  by  which  its  freezing  jxjint  is  lower  than  that  of  pure 
water  i«  noted.  The  lowering  of  t)ie  frreziiig  point  in  degrees  centigrade 
U  expresded  usually  by  the  symbol  /\.  For  example,  mammalian  blood- 
MTUm  gives  A  =  0.5f\^  C.  A  6.95  percent.  s<jlution  of  NhCI  gives  the  same 
A  ;  henre  the  two  «>Iutions  exert  the  snnie  osmotic  prc^-^ure,  or,  to  put  it  in 
anotiier  way,  a  0.05  per  cent,  solution  of  NaH  is  isotonic  or  isof^iotic  with 
irLamiualian  serum.  The  /\  of  any  given  solvilir)ii  may  lie  expressed  in  term* 
of  a  gram-molecular  solution  by  dividing  it  by  the  constant  1.87,  nnce  a 
gram-moteculor  soluttrtn  of  a  non-olectrolyte  is  known  to  lower  the  freezing 
point  1.87°  C.     Thus,  if  bloo+l-senmi  gives  ^  —  0,56°  C,  ittf  concentration  in 

terms  of  a  gram-irutlecular  soUilion  will  be    -^a.,  or  0.3.     In  otlier  words, 

blood-**ermn  has  0.3  of  the  osmotic  pressure  exerted  by  n  gram-molecidar 
solution  of  a  non-electrolyte, — that  is,  22.32  X  0.3.  or  6.696  atmospheres. 

Remarks  upon  the  Application  of  the  Foregoing  Facts  in  Physiol- 
ogy.—  In  the  ImmIv  water  and  .substancen  in  solution  are  continually  pass- 
ing through  membranes, — for  exain|>le,  in  the  productir-n  of  lymph,  in  the 
absorption  of  watcf  and  digested  footlstufts  from  ttic  a]imentar\'  canal,  in 
the  tiutritive  exchanges  l>etween  the  tiNSue  elements  and  the  Ithnxl  or  lymph, 
in  the  prrMiuction  of  the  various  ?«ecretions,  and  so  on.  In  these  ca>es  it  is  a 
matter  of  the  greatest  dilTicuUy  to  give  a  .Mutisfactory  explanation  of  the 
forces  controlling  the  flow  lo  and  fro  of  the  water  ami  dissolved  ^ubstancea, 
but  there  can  t»e  little  ilouht  that  in  all  of  them  the  physical  fon.es  of  fil- 
tration, diflfasion.  and  ot^rnosis  take  an  important  |)art.  Whatever  can  be 
learned,  therefore,  concerning  these  processes  must  m  the  end  have  an  im- 
portant bearing  upon  the  explanation  of  the  nutritive  exchange*  l»elween 
the  bloo<l  and  tissues.  Some  additional  facts  may  he  mentione<l  to  indicate 
the  applications  that  are  made  of  these  processes  in  explaining  physiological 
phenomena. 

Osmotic  Pressure  of  Proteins. — Tlie  osmotic  pressure  exerted  by  cry*- 
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talloidM  such  as  the  ordinary  soluble  Kalt-^,  is,  a?  we  Imve  seen,  \-en-  ron- 
gulemble,  but  the  ready  dilTiisibility  of  most  of  thewe  salt.*s  throusli  animal 
incmbrane8  limits  very  materially  tlieir  inflxience  upon  the  flow  of  water  iu 
the  body.  Thus,  if  we  should  inject  a  st  rone  solution  of  common  wilt  directly 
into  the  blootl-vessehi,  the  first  effect  would  be  the  setting  up  of  an  o«notir 
stream  from  the  tissues  to  the  blood  and  the  prwluction  of  a  condition  of 
hydremic  plethora  within  the  blood-vessel.<5.  The  saU,  however,  wotdd  !<»on 
diffuse  out  into  the  tissues,  and  to  the  decree  Ihut  this  occurred  il8  effect  in 
diluting  the  blood  would  tend  to  diniini.'^li  Ixh-ause  the  part  of  the  f«alt  that 
got  into  (be  extravascular  l>anph  spaces  would  now  exert  an  (>«inotic  pre?*- 
ure  in  the  opposite  direction,  drawing  water  from  the  blood.  This  fart, 
togetlier  witii  llie  fnrtlier  fact  that  an  excess  of  salts  in  tlie  body  is  soon  re- 
moverl  by  the  excretory  organs,  pvcs  to  such  substances  a  smaller  influence 
in  dire(!ting  the  water  r«tream  than  would  at  first  be  supijosed  when  the  inteu* 
sity  of  their  osmotic  action  i?*  considered.  In  addition  to  the  crystalloids  the 
liquirl^  of  our  ho«lics  contain  aito  a  certain  amount  of  protein,  the  blood. 
especially,  containing  ov<?r  ti  per  cent,  of  tliis  substance.  It  has  been  gen- 
erally :i.s*sumc<i  tljal  prntcjj^s  m  tolutitm  exert  little  or  no  osmotic  prcswtirr. 
but  Starling*  and  otherK  iiavc  claimetl,  on  the  contrary,  that  ihey  exert  a 
diptinct.  although  smMll.  osmotic  presfture.  and  it  is  possible  that  thitf  faci 
i.**  of  .special  importance  in  absorptinn.  because  the  proteins  do  not  diffu««> 
or  diffuse  witli  great  difficulty,  and  their  effect  remains,  therefore,  so  to 
spejik,  as  a  permmient  factor.  According  to  t^tarling.  the  osmotie  pressure 
exerted  by  the  pn)teins  of  serum  is  erpial  to  about  30  mms.  of  mercury.  That 
the  osmotic  pressure  of  the  t»enim  proteins  is  so  small  i«  not  s\irpriRing  if  we 
renicmbiT  the  very  hiirh  molecuhir  weight  of  this  substance.  In  serum  the 
proteins  arc  present  in  a  concentration  of  about  7  per  cent.,  but  owing  to 
their  large  molecidar  wciglit  comparatively  few  pro  tern  molecules  arc  prc^ent 
in  a  solution  of  tliis  concentration  ;  and,  assuming  that  the  dissolvtrd  [Totein 
follows  the  laws  discovered  for  crj'Mt;ill(»ids.  its  owmotic  pressure  woidd  depend 
ui)on  the  number  of  molecules  in  solution.  Hy  means  of  this  weak  but  con- 
Btant  osmotic  pressure  of  the  indiffusible  protein  it  is  possible  to  explain 
the<>rctically  the  fact  that  an  isotonic  or  even  a  hypertonic  •olution  of  flimisi- 
ble  er>*atalloi<I  may  be  completely  absorlwd  by  tixe  blooii  from  the  peritoneal 
cavity.  Reid  t  has  published  experiments  which  indicate  that  pure  proteins 
exprt  no  rwrnotic  pressure  :  that  as  they  occur  in  the  body  liquids  they  are 
combined  or  mixed  with  certnin  sidmtanc^»s  to  which  the  feeble  osmotic  pres- 
sure formerly  nOributed  to  the  proteins  really  belongs.  Sinw  the'sc  unknown 
substances  are  thempehcs  indiffusible,  the  arguments  just  used  still  hold  for 
the  conditions  in  the  body.  It  seems  probable,  however,  that  in  the  metlioti 
used  hy  Reid  \n  purify  the  proteins  the  nature  of  these  substances  wa* 
altered,  the  state  of  aggregation  of  the  molecules,  for  example,  and  thai,  thercs 
fore,  his  negative  results  do  not  apply  to  the  proteins  as  they  exist  in  tlie 
blood. 

Isotonic.  Hypertonic,  and  Hypotonic  Solutions.— In  physiology-  iho 
osmotic  prcs.Hures  exerted  by  varioiLn  .'iolutions  are  compared  usuallywith 
that  of  the  blood-^rum.  In  this  sense  an  isotonic  ori.Hosniotic  i^lution  is 
one  having  an  osmotic  pressure  equal  to  that  of  senim.  a  hypertonic  or  hy- 
perosnmtic  solution  is  one  whose  osmotic  pressure  exceeds  that  of  senun, 
and  a  hypotonic  or  hyposmotic  solution  is  one  whose  osmotic  prei«iir«  U 
less  thim  that  of  serum. 

Diffusion,  or  Dialysis,  of  Soluble  Constituents. — If  two  liquids  of 
unequal  concentration  in  a  given  constituent  are  separated  by  a  membrane 
entirely  penneable  to  the  dis-solved  molecules  of  tne  substance,  a  greater 
nunil^H?r  of  these  molecides  will  pa.v«  over  from  the  more  concentrated  to  tlie 
less  concentrated  side,  and  in  time  the  composition  will  !«  the  .same  on  tlie 
two  sides  of  the  membrane.  Diffusion  of  soluble  constituents  continually 
takes  |>lace,  therefore,  from  the  points  of  greater  concentration  to  those  of 
Ieg8,  and  this  may  happen  quite  independently  of  the  direction  of  the  osmotic 

♦"Journal  of  Physiology."  24,  317.  ISM. 
t  Reid,  "Journal  of  Physiolog>',"  1905. 
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km  of  water.  If.  for  instano**.  a  0.9  i»er  cfnt.  Holiition  of  RfHlinni  fhlnrid 
injooiwl  into  the  |_wriionfiiI  cavity,  it  will  enter  inlo  difTugion  relations 
with  the  blood  in  the  blomj-vesnels;  it**  concent  nil  inn  in  t^odimii  chlorid 
being  greater  tluin  thnt  of  the  blootl,  the  exce^^i  will  ttml  to  jiuhh  into  the 
blood,  while  so*Uum  rarlKmatc,  urea,  surot,  and  other  soluble  erystuUoidal 
»ubf>lanres  will  i>aj«  from  the  blood  into  tlie  jsalt  solution  in  the  ]«ent(»neal 
cavity.  Tbrougli  the  action  of  thii^  proeess  of  diffw?*ion  we  can  uiuJerstand 
how  certain  conHtituents  of  llie  blixnl  nmy  pass  to  the  tissues  of  various  glands 
in  ajnountf*  jcreater  tlian  caJi  l»e  e.\plained  if  we  supposed  that  the  rviiiph 
of  the^  tissues  is  derived  .nolely  by  fill  rat  inn  from  tho  blood-pla-tnia.  An- 
other important  conception  in  this  connection  is  tho  ixKwibility  that  the 
capillar)'  walls  may  l>e  permeable  in  di(Ten?iit  depreen  to  the  various  .siphibk 
const ituen Us  of  the  blood,  and  furthermore  tfie  i>o.s.vibility  thnt  the  (permea- 
bility of  the  capillar>'  walls  iriay  \ury  in  dilTerent  orpnn.s.  With  regard  to 
the  first  possibiUty  it  has  l>een  slu>wn  that  the  hlo<Mi  ^•apillarie^  are  triore 
pemieabte  to  the  urea  molecules  than  to  f*upar  or  \hC1.  With  the  aid  of 
these  fuctfi  it  is  possible  to  explain  in  large  measure  the  trannportation  of 
material  from  the  blood  to  the  tissues,  and  vnv  rrrm.  For  example,  to  folhiw 
a  line  of  reasoning  used  by  Koth.  we  may  suppose  tliat  the  functional  activity 
of  the  tifisUQ  elements  is  atten(Ic<l  by  a  constuuptian  of  material  whicli  in 
turn  is  matle  pood  by  the  dissolved  molecules  ui  the  tissue  lymph,  llie 
com-entration  of  the  fatter  is  thereby  lowererl,  and  in  iHinsequeiice  a  rfifTu- 
sion  rtream  of  these  substances  is  set  up  with  the  more  concentrnteti  blood. 
In  this  way,  by  diffusion,  a  constant  suoply  of  di-solvetl  material  is  kejH 
in  motion  from  the  blood  to  the  tissne  elements.  t>n  the  other  hand,  tne 
funetio]ial  activity  of  the  tissue  elements  is  arrtkinpanied  by  a  breaking  down 
of  the  c»iraplex  protein  molecule,  with  the  forniatitm  of  simpler,  mcire  t^table 
nu>lecule^  of  crj'stjdioid  ffiaraclcr,  such  aa  the  aulptiatcs.  phosphates,  and 
urea  or  some  precursor  of  urea.  As  thcMo  liodies  pass  into  the  tishuc  lymph 
they  tend  to  increase  its  concentration,  ami  thua  by  the  greater  osmotic 
nresHure  developed  ihcy  mrve  to  attract  water  from  tho  blood  to  the  lympli, 
forming  one  efficient  factor  in  the  production  of  lymph.  On  the  other  hand, 
aa  these  substances  accumulate  in  the  Ij^-mph  to  a  cnneentration  greater  than 
that  poaseaseii  by  the  same  Hubafanccj^  in  the  blood,  ihey  will  disuse  toward 
the  blood.  Hy  this  means  the  waMe  products  of  activity  are  drawn  off  to 
the  blood,  from  wliich,  in  turn,  they  are  removeii  by  the  actmn  of  the  excretory 
organs. 

Diffusion    of   Proteins.— This    simple    e.xplanation    on    purely  physicat 

rund.s  of  the  flovv  of  nmterial  tvotween  the  blood  and  the  tissues  can  nnly 
applietl,  however,  at  present  to  the  diffusible  crystalloids,  such  as  the 
saJUi,  urea,  and  sugar.  Tlie  proteins  of  the  blooil,  which  are  supiKweil  to 
be  90  important  for  the  nutrition  of  the  tissues,  are  practically  indiffiisible, 
00  far  &a  we  know.  It  is  difficult  to  explain  their  pasta^  from  the  bhnHi 
tlirough  the  capillary  walls  into  the  lyn»ph.  I'rovi.^ionally  it  may  be  assumed 
tluit  tliis  pa-Magi^  is  due  To  filtration.  The  blood-plasma  in  the  capillaries  ia 
under  a  slightly  liigher  pressure  than  the  lymph  of  llie  tiwui-s.  and  this  higher 
pressure  tends  to  squiM-ze  the  blood  constituents,  including  the  protein,  through 
the  capiUary  walls.  This  explanation,  however,  cannot  \x:  said  to  l>e  sjitiR- 
fact«r>'  ;  and  in  this  rc8|K^t  the  purely  phy.sica!  theory  of  lymph  foniuition 
wailfti  upon  a  clearer  knijwleilge  of  the  nature  of  the  nutritive  proteins  and 
their  reutions  to  the  capillary  wall  (aec  Lymph,  p.  440). 
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Cliolin,  748 

Chorda  tympani  nerve,  274.  688,  691 
Cliromatic  aocrration  in  eye,  298 

visual  sensations,  328 
Chromatolysis,  121 
Chromophile  substance  in  nerve  cells, 

128 
Chromo proteins,  913 
CliromoHome.s.  881,  900 
Clironotropic   nerve   fibers   to   heart, 

535 
Cliylc  fat,  736 
Cliymosin,  715 

Ciliary  muscle,  action  of.  in  accom- 
modation, 295 
nerves  to,  304 
Cihated  epithelium,  54 
Circulating  proteins,  812 
Circulation,  accessory  factors  in,  480 

as  seen  under  microscope,  448 

curve  showing  pressures  in,  460,464, 
465 


'  Circulation,  data  concerning  pressures 

I  in  (man),  471 

I  mean  pressures  in,  463 

diastole  and  systole  of  heart,  494 
effect    of    adrenal    extracts   upon, 
799 
'         of  heart  beat  and  size  of  arteries 

upon,  453 
{      explanation  of  side-pressure  in,  473 
of  velocity  changes  in,  452 
of  velocity-pressure  in,  474 
factors    of    normal    pr^sure    and 

velocity  in,  476 
form  of  pulse  wave,  486 
general  curve  of  velocities  in,  452 
general  statement  of  pressure  rela- 
tions, 455 
hydrostatic  effects  upon,  478 
importance  of  elasticity  of  arteries, 

475 
in  brain,  572 
in  kidneys,  769 

means  of  determining  blood-pres- 
sure in,  455,  466 
velocities  in,  451 
pressures  in  coronary  system,  509 

in  pulmonary  system,  480 
pulse  pressures  in,  459 
respiratory  waves  of  pressure  in, 

609 
regulation  of  blood  supply,  568 
systole  and  diastole  of  heart,  494 
systolic,  diastolic,  and  mean  pres- 
sures in,  459 
and  mean  velocities  in,  451 
time  required  for  complete,  454 
Traube-Hering  waves  of  pressure 

in,  564 
velocity  in  capillaries,  451 
in  coronary  system,  509 
in  man,  451 

in  pulmonary  system,  480 
of  pulse  wave,  484 
Clarke's  column,  157 
Clotting  (see  Coagulation) 
Coagulation,  blood,  426 
intravascular,  433 
means  of  liastening.and  retarding, 

434 
theories  of,  427 
Cocain,  action  of,  on  iris,  308 
Cochlea,  functions  of,  376 

sensory  epithelium  of,  370 
Cold  spots  on  skin,  260 
Color  blindness,  333 
contrasts,  332 
fusion,  330 
saturation,  329 
sense  of  retina,  336 
vision,  tlieorie^  of,  340 
Combustion  equivalents  of  foods,  846 
Comma  tract  of  Schultze,  171 


^^^^^^^^^^^^^^^^    INDI';X.                                                                                     1 

CVmimiEisural  system  of  flbcrs  (cere- 

Cur\'c. vclority  of  blood-flow.  452             ^^H 

brum),  177 

venous  pulse,  AMi.  492                              ^^^| 

Common  sensations.  2.W 

vinvial  acuity  of  retina,  324                      ^^^H 

C'^Jinpi-'usatory  paiiBO  in  h<firt-bcttt,52o 

work  of  muscle.  36                                  ^^^H 

[       Com[>Iemfntal  air,  601 

Cyelopli^'ia,  308                                              ^^M 

Comt»kuuntary  colors.  MU 

r-ystiu,           907                                               ^^^1 

Conii**>und  muscular  contractions.  39 
Ccmi!m»cnta,  G77,  835 

Cystiuuriu,  747                                          ^^^B 

^B 

roDiluction  aM  pliysiological  property, 

Drad  space  of  lungs.  602                            ^^^H 

72 

Death  rigor,  chemical  changes  dur-              ^1 

direction  ofj  in  nerve  fibers,  107 

ing.  60                                                          M 

CoDJugato  foci.  287 

in  mu^e,  49                                           ^^^^^ 

Conjugatnl  sulpliates,  781 

De^tb.  theories  of.  *>0r>                                  ^^^| 

Contraction.    17.    32,    33    (see    also 

npfccation,  671                                                ^^^H 

MuMde) 

Ocgrncrnlion  in  nerve  fibers,  IIS,  120               ^M 

Contralateral  cnnHuction  in  cord,  l(i8 

Deglutition.  t>55                                            ^^^m 

Convoluted   tubuie«  of  kidney,   762, 

nervous  contr^jl  of,  659                             ^^^H 

7r.7 

Deiters's  cells  in  cochlea,  370                       ^^^H 

Core-model  of  nerve.  102 

Deiterw's  nucleus.  2UI.  220                                 ■ 

Cortmarv  arlehe^s,  effect  of  occlusion 

Demarcation    curn-nl .    muscle    and                ■ 

of.  512 

nerve.  91 

vawmiotor  supply  of.  ,170 

DLMniiunes  of  «alivar>'  Klan*'**.  689 

Corpora  <|uadripenimii,  n-lntion  of,  to 

Depressor  nerve  fil>ers.  560 

vimml  apparatus,  I'Jti.  l\i\) 

of  heart.  .>n3 

fitriiitu,  functions  of.  210 

Derived  albumins,  propertiea  of,  911 

Corpus  callofium,  atnicture  and  func- 

Descending paths,  spmal  cord,   168. 

tion,  216 

171 

luteum,  873 

Dcutero-albumoses,  714.  912 

trape«oideum,  202 

Deuteranopia,  334 

CorrpR|Kjnding  points  of  retina.  3.'»0 
Cortex  of  cerebrum,    general    physi- 

Diabetes, 822                                                ^^m 

nietlitUB,  823                                                ^^H 

ology  of,  177 

pancreatic,  822                                            ^^^| 

histoloKy  of.  174.215 

plih»ndzin.  S23                                             ^^M 

Corti,  rods  of,  371 

DialyKts,  definition  of,  918                            ^^^M 

Cotital  respiration,  nU7 

Diaphragm,  action  of.  593                            ^^^^ 

Cowpcr's  KlamU.  804 

Diaphragmatic  respiration,  593                 ^^^H 

Cranial  nerves,  afferent  fibers  in,  79 

Diastase,  683                                                     ^^H 

efferent  fibers  of,  70 

flisroverr  of,  678                                              ■ 
Diastole,  duration  of.  in  hea.rt.  503,                 ■ 

nuclei  of  oriRin  of,  229 

Craniosr«>py.  ISl 

507                                                                          ■ 

Creatin.  rtl.  m.  780 

Diastolic  arterial  pre«B\ire.  4.'>9                           H 

Crealinin,  fil,  780 

method     of     determining     in                 1 

Cre«>l-sulpliuric  acid,  740,  782 

animals.  461                                             fl 

Cretinism,  795 

method    of    detemiiniug,     in               H 

Curve,  contraction,  of  artificial  mus- 

man, 468                                            ^^H 

cle.  70 

Dicrotic  pulse  wave.  488                             ^^^M 

of  arterial  pulse.  187,  490 

Diet,  accesBorv  urlides  of,  577.  835           ^^^^ 
average  daily.  849                                       ^^^| 

of  plain  muscle,  53 

of  Hkeletal  muscle,  25 

MfTert  of  reduction  of  salts  in,  833            ^^^| 

disaoriation  c»f  oxyhemoglobin.  624 

Dteti'tics,  general  principles  of.  848            ^^^| 

extensibility  and  elasticity  of  mus- 

]>i(fusion circles  oti  retina,  293                    ^^^H 

cle.  10 

Diffusion,  definition  of.  914                          ^^^| 

gastric  secretion.  710 

Digestion  in  large  intestine,  738                 ^^^| 

intensity  of  sleep,  243 

in  small  intestine,  721                                ^^^^ 

pancreatic  secretion,  723 

st4]mHch.                                                   ^^^^ 

presBures  in  vascular  system,  400, 

Diopter,  definition  of,  207                           ^^^| 

464.  465 

Dioptrics  of  eye.  286                                      ^M 
Diph^pia.  340,  351                                               ■ 

relations  of  heart  soumis,  503,  ,506 

1          R'^ipiratory  movements,  590 

Direct  field  of  virion,  eye,  321                             ■ 

!           secrrtion  of  bile.  750 

Discord,  physiological  expUnaticm  of, 

1          systolic,  diastolic,  and  mean  blood- 

379 

1            preoaures,  450 

Dissociation  of  oxyhemoglobin,  624 
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Diuretics,  action  of,  769 

Dromograph,  450 

Dromotropic   nerve  fibers  to   heart, 

535 
Duct  of  Bartholin,  687 

of  Rivinus,  687 

of  Stenson,  687 

of  Wharton,  687 

of  Wirsung,  721 
Dyspnea,  596,  643 

Ear,   effect  of   section   of   auditory 
nerves,  385 
of   stimulation    of    semicircular 
canals,  384 
Eustachian  tube  of,  369 
Flourens's   experiments    on    semi- 
circular canals,  383 
functions  in  analyzing  sound  waves, 
376 
of  cochlea,  376 
of  ear-bones,  365 
of  saccuius,  389 
of  utriculus,  389 
intrinsic  muscles  of,  368 
limits  of  hearing,  380 
position  of  bones  in,  365 
projection  of  auditory  sensations, 

370 
semicircular  canals  of,  382 
sensations  of  discord,  379 

of  harmony.  379 
sensory  epithelium  in  cochlea,  370 
structure  of.  371,  377 

bones  of,  365 
theories  of  functions  of  semicircu- 
lar canals  of,  38.') 
tympanic  membrane  of,  364 
Eck  fistula,  775 
Efferent  nerve  fibers,  75 

occurrence  in  anterior  roots,  77 
in  cranial  nerves,  79 
Ejaculation  of  spermatic  liquid,  897 
Elasticity  and  extensibility  of  muscle, 

19 
Electrical  currents  during  heart  beat, 

497 
Electrocardiograms,  498 
Electrodes,  non-polarizable,  95 

stimulating,  81 
Electrolytes,    effect   of,    on    osmotic 

pressure,  916 
Electrotonic  currents,  101 
Electrotonus,  83 
Eleventh   cranial  nerve,   nucleus  of, 

233 
Embryo,  nutrition  of,  885 
En<logenous  fibers  of  spinal  cord,  163 
Energy  of  muscular  contraction,  34 
Entcrokinase,'725,  732 
Entoptic  phenomena,  344 
Enzymes,  adenase,  685,  779 


Enzymes,  amylopsin,  729 

arginase,  776 

chemistry  of,  685 

classification  of,  682 

definition  of,  682 

enterokinase,  725,  732 

erepsin,  728,  732 

general  properties  of,  684 

glycolytic,  685,  806,  824 

guanaae,  685,  779 

historical  account  of,  678 

intracellular,  868 

inverting,  732 

lipase,  730 

of  muscle,  61 

oxidases,  683,  866 

pepsin,  711 

peroxidases,  867 

ptyalin,  700 

rennin,  715 

reversible  reactions  of,  680 

specificity  of,  682 

thrombin,  428,  431 

trypsin,  726 
Epicritic  sensations,  260 
Epigenesis,  899 
Epinephrin,  800 
Erection,  physiology  of,  896 
Erepsin,  728,  732 
Ergograph,  45 
Erythroblasts,  413 
Erythrocytes  (see  Red  corpuscles) 
Erythrodextrin.  701 
Eserin,  action  of,  on  iris,  308 
Esophoria,  349 
Ethereal  sulphates,  781 
Eupnea,  596 
Eustachian  tube,  369 
Evolution,  hypothesis  of,  in  heredity, 

899 
Excretin,  742 

Exogenous  fibers  in  spinal  cord,  163 
Exophoria,  349 
Expiration  {see  also  Respiration) 

definition  of,  592 

expiratory  center.  639 

muscles  of,  595 
Expired  air,  composition  of,  613 

injurious  effects  of,  614 
Extensibility  of  muscle,  19 
External  geniculates,  196,  199 
Eye,  abnormalities  in  refraction  of, 
299 

accommodation  in,  293 

action  of  drugs  upon,  308 

acuity  of  vision  in.  323 

after-images  in,  331 

as  optical  instrument,  286 

binocular  field  of  vision,  350 
perspective,  356 

chromatic  aberration  in,  298 

color  blindness  of,  333 
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1 

f     Eye,  color  contrarts  in,  332 

Feti's,  romp<inition  of,  741 

1 

vision  in.  ;VJ8 

Fennrntaition  in  inlestine,  739 

romplcint'ntnry  colors.  3S\ 

of  enrbolivdrates  in  small  intestine. 

1 

coiTe#iix3mlinK"|X)int»  in,  350 

735 

■ 

«brk  (ulupte.i.  318,  320 

Ferments,  historical  aceouht  of.  678 

iliffu.'^ion  circle«  in,  293 

Fertilization  of  ovum,  SS3 

I 

diplopia  in,  349,  liol 

I'ilinllarj'  contraction.-*  of  heart,  513 

* 

tlircct  field  of  viwon  in,  3'JI 

Fibrin  factors,  429 

^M 

entoptic  phcnomcnn  in.  311 

fertiK-tit,  preparation  of.  428 

far  point  of  distinct  vision,  2*.f7 

globulin,  431 

^M 

fiimtion  of  coneSj  337 

rflations  to  blnod-rU>l,  426 

M 

of  rods.  337 

Fibrinogen.  42-1 

^m 

fundanirntal  color  sensations,  330 

preparation  of,  4'JK 

^M 

horopter.  353 

KietilifMiH  nieiil  (Pawlow),  709 

indirf?rt  fidd  of  vision  in.  3'Jl 

Fifth  rnmial  nerve,  230 

^M 

invi-'Htion  of  intake  in,  "JM\ 

Fillet.  hiliTal,  202 

light  adapird,  31S,  32ti 

median.  192 

^M 

reiicx  in,  300 

Fistula.  Kek's,  775 

^M 

movementa  of,  3-17 

gall-bladder,  743 

^B 

muscular  insufficirnpy,  349 

Ktomaeh,  706 

1 

imture  of  vi»uiU  stimuli,  31S 

Thir>'-VeUa,  731 

nrar  jxiint  of  distinol  vi.siun.  'JMt't 

I'lrtvors.  677 

iMKbl  point  of,  290 

dietary  importance  of.  R35 
Flcchsig's  myeiinixfttion  method,  158 

opUthalmoMTopic    examination    nf, 

311 

tract  of.  165 

oplioAl  defects  of,  2*J8 

FlvKtriilsolution.cffect  on  dolling, 435 

dohiiiionK,  3(iO 

Food,  eoinpostiion  of,  675 

phj'Hiraof  format  inn  of  inia^  in, 280 

definition  of^  675 

qualities  of  \nsual  wnsations.  328 

potential  enen^y  of,  845 

mluced  Bcheumtic-  (Listing).  290 

FoodstidTs,  dc'tinition  of.  675 

refractive  power  of.  21»7 

Fourth  cranial  nerve,  nucleii.'i  of.  230 

mze  of  retinal  images.  292 

Fovea,  center  for,  in  occipilid  cortex. 

spherical  aberration  in.  2i»9 

198 

of  retina,  sixo  of,  322 

struggle  of  vifiual  ficl<ls,  353 

Franklin  theory  of  color  vision,  343 

suppresfrion  of  visual  images.  353 

Freezing  point,  method  of  detennin- 

theories  of  color  vision,  340 

ing.  917 

UireHJiold  htimuliiw  of,  325 

Fuiida*  glands  of  stomach;  703 

visual  field  of,  320 

Fundus  of  stomach,  060 

^^^_ 

juiigmenth.  ;^54 

^^H 

purple  of,  318 

GALL-BLAnoKK,  funclions  of,  749 

^1 

Ejre-muscles,  action  of,  347 

iicr\'e8  of.  750 
Galvanometer,  construction  of,  92 

Facial  nerve,  tlilator  filters  in,  565 

d'Arsonval,  93 

nudeiiH  of,  232 

Oases,     bws    governing    ttl>sorption 

Far  point  of  distinct  vision,  21>7 

of.  620 

Fat,  at»»orption  of,  735 

of  blood,  617 

as  gly('*>gen  former,  755 

pressure  of,  620 

digestion  of.  730 

tension  of,  in  aolution.  622 

in  stomach,  720 

Gas-pump,  618 
Gastric  glands,  703 

excrasive  formation  of,  in  (il>«nty, 

829 

hi(<tological    changes    in,    during 

in  bile,  748 

secretion.  704 

met-abolism  of,  in  body,  826 
nutritive  value  of,  820 

secretory  ner\'ea  of,  708 

secretion,  acid  of,  707 

of  chyle.  736 

composition  of,  705 

origin  of.  from  carbohydrates,  H2y 

curve  of.  710 

in  body,  829 

means  of  obtaining,  705 

Fatigue,  in  nerve  fibers,  110 

normal  mechanism  ctf.  709 

muscular,  47 

Gelatin,  nutritive  value  of,  818 

of  olfactory  organs,  283 
theories  of,  66 

Genital  organs,  vasomotor  supply  of, 
58;i 

^^ 

^ 
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Germ  plasm,  definition  of,  905 

Globin,  401,  913 

Globulicidal   action   of  blood-serum, 

398 
Globulins,  general  properties  of,  911 
Glomerulus  of  kidney,  functions  of, 

765 
Glossopharyngeal  nerve,  dilator  fibers 
in,  565 

nucleus  of,  232 
Glucoproteins,  913 
Glucosamin,  908 
Glutaminic  acid,  727,  907 
Glutolin,  423 
Glycocholic  acid,  746 
Glycocoll,  727,  746,  908 
Glycogen,  amount  of,  in  liver,  753 

discovery  of.  752 

glycogenic  tneory,  756 

importance  of,  in  embryo,  886 

in  muscle,  69,  757 

loss  of,  ouring  muscular  contrac- 
tions, 64 

metabolism  of,  in  body,  824 

origin  of,  753 

supply  of,  in  body,  821 
Glycolysis  of  sugars  in  body,  824 
Glycosuria,  822 

alimentary,  735 
Glycylglycin,  908 
Gmclin's  reaction  for  bile  pigments, 

745 
Golgi's  nerve  cells,  second  type,  127 

pericellular  nerve  net,  128 
Goll,  column  of,  163 
Gowers's  tract,  165 
Graafian  follicle,  structure  of.  872 
Gram-molecular  solution,  916 
Growth,  904 
Guanase,  685,  779 
Guanin,  61,  778 
Gudden's  commissure,  197,  203 

Harmony,  pliysiological  cause  of,  379 
Hearing  (see  Ear) 

cortical  center  of,  200 

limits  of,  380 
Heart,  accelerator  center  for,  545 
nerves  of,  54 1 

action  current  of.  497 

action  of  inhibitorv  nerves.  531 

analysis  of  iniiii>itfon,  533 

apex  beat  of,  500 

automaticity  of,  514 

capacity  of  ventricles  of,  507 

cardiac  nerves  of,  course,  531 

cardiogram.  500 

cardio-inhibitory  center  of,  536         ' 

causation  of  beat.  514 

change  in  form  of  ventricle  in  8vh- 
tole.  499 

coniiM-'nsatory  pause  of,  525  i 


Heart,  contraction  wave  in,  496 
coronary  circulation  in,  509 
course  of  cardiac  nerves,  531 
depressor  nerve  of,  561 
diastole  and  systole  of,  494 

time  relations  of,  507 
effect  of  drugs  on,  539 
of  calcium  upon,  520 
of  occlusion  of  coronaries  upon, 

512 
of  potassium  upon,  520 
of  sodium  upon,  520 
electrical  changes  in,  497 
escape  from  inhibition,  536 
events  of  a  cardiac  cycle,  506 
fibrillary  contractions,  513 
historical  account  of  beat  of,  515 
inhibition  of  auricle,  535 

of  ventricle,  535 
intraventricular    pressure    during 

systole,  502 
intrinsic  nerves  of,  516 
maximal  contractions  of,  523 
musculature  of,  495 
myogenic  theory  of  beat  of,  517 
negative  pressure  in,  510 
neurogenic  theoiy  of  beat  of,  516 
rate  of  beat  as  anected  by  age,  546 
by  blood-pressure,  547 
by  extrinsic  neri'es,  547 
by  muscular  exercise,  548 
by  sex,  546 
by  size.  546 
by  temperature,  549 
reflex  acceleration  of  l)eat,  543 
refractory  period  of,  523 
sequence  of  beat  of,  525 
sounds  of,  503 
sxiction-pump  action  of,  510 
systole  and  aiastole  of,  494 

time  relations  of,  507 
systolic  plateau  of  beat,  503 
theories  of  inhibition  of,  539 
tonic  inhibition  of,  537 
tonicity  of  muscle  of,  529 
vasomotors  of,  570 
ventricle  of,  in  systole,  500 
work  done  by,  507 
Heart-block.  527 
Heart-m\iscU',  general  properties  of, 

54,  523 
Heat  centers,  864 
equivalent  of  foodstuffs,  846 
loss  of,  physiological  regulation  of, 

860 
nerves.  864 

production,     physiological    regula- 
tion of,  S(>.3 
puncture,  865 
regulation,    general    statement    of, 

860 
rigor  of  muscle,  51 
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f      H«it.  «e?cual.  in  lowpr  animals.  875 

Identical  points  of  retina,  350                      1 

1        Helmholtz  theory  of  color  vision,  3-10 

Identity  theorj'  of  ner\'e  impuUe,  1 10       ^^M 

1        Helw**f;'rt  bundle,  spinal  conl.  172 

Immune  l«>*iy.  400                                       ^^H 

HematJii.  402.  HI 

Inconiiruence  of  retinas,  35t                      ^^H 

Hematoidin,  412 

Indiciin,  782                                                   ^^^| 

Hemfltopnietic  tiRSUO.  4Kl 

InLlirect  calorimetry,  S.3*.)                            ^^H 

.       Hcniatoporphyrin.  412 

1       flemeralopia  fniglit-blindncwc),  339 

fu'Ul  of  viKJon.  eye.  321                           ^^H 

Indoi  group  in  protein  uioleeule,  728               1 
indnxyl  sulphuric  ncid.  740,  7H2                ^^J 

Hemin.  411 

I       Homipt'ptone.  72*J 

hiihietion  coil,  23                                         ^^fl 

f       HrmipU*giu,  IWj 

Inert  layi^r  in  circulation,  448                    ^^H 

1       HemorhnimoRcn.  401.  412 

lnrundi1>ular  body.  fiOI                                 ^^H 

1       Hcmoi.lromoprn[ili.  4.50 

Honiopliibin.    auKorption    wfuvlra   of, 

Inhibition,  eRcape  from,  in  heart,  536              1 

of  hinirt,  531                                               ^^^H 

-im 

of  knee-jerk,  148                                       ^^H 

comiKmmis  of,  with  carbon  liioxid, 

of  reflexes,  140                                          ^^M 

1                   404 

of  respiratory  movements,  637                      1 

1              witli  nirbon  mnnoxid,  403 

reflex  of  heart.  53*i                                            1 

1                with  nitric  oxiii,  40:? 

theories  of.  539 

with  oxypcn,  40;t 

Inotropic  nerves  to  heart,  535 

condition  of.  in  corpuHcles.  396 

Inspiration  isec  n\?-o  Respiration) 

cryHtals  of.  405 

ck'finition  of,  592 

1           c\ir\'e  of  dissuriatiori  i>f  oxyhemo- 

inrTCflfled heart-rat4^  durinf;,  612 

globin,  624 

means  of  producing,  593 
inuKcles  of.  595 

derivutivr  coiiipoundN  *if.  410 

,           iron  in,  404 

Inspired  air,  coin(iosition  of,  613 

nature  and  amount  of.  401 

Internie<iiary     pnidiicts    uf     mtiacle 
nietalwlism,  64 

Hemolysins,    natural    ami    nt-quireiU 

398 

rtu't:ilM>li.<4ni  of  rarhohydrat^ii,  824 

HoinolyKit;.  307 

of  ftttw.  S2() 

Hcinurrhajce,  effect  of.  437 

of  nucUH>-proteins.  816 

Hereiiity.  definition  and  history,  SDW 

(if  proteins.  81 1 

Hcrinj;  thcorj'  of  color  vision,  341 

Internal  secretion,  adrenals,  798 

nelerophoria",  34'J 

definition  and  historicul  account,         ^^^ 

Hcxon  base*,  S!Hi 

^H 

Hippurie  acid.  78  [ 

kidney.  806                                          ^H 

Hijrtidin.  72S,  907 

liver,  794                                                 ^^M 

HiRtohemalins.  412 

ovary,  802                                           ^^1 

Histons,  8Wi,  912 

pancreas,  804                                         ^^H 

effect  of,  on  coaj^ulation  of  blood. 

flonsations,  254                                    ^^H 

434 

tCfltis.  802                                             ^^M 

Hofacker-Sftdlor  law.  902 

thyroid  tissues,  794                                       1 

HomoiothemiouK  animtds,  S53 

Int4«tinal  movement^*,  rffect  of   va-        ^^m 

Homolateral  conduction  in  cord,  1(W 

rious  conditions  upon,  660                 ^^H 

Hornmues,  71 1 

ttecretion,  731                                           ^^H 

Horopter,  353 

InteMtnes,  bacterial  action  in,  739              ^^^ 

Hunger,  sense  of.  270 

larpe.  movement*  of,  670                                  1 

Hydrocele  lii^uid.  423 

nervous  control  of  movement*  of,               1 

HydrfM'hloric  acid,  function  of.  in  \h*\>-  , 

669                                                                    J 

tic  dipe^tion.  713 

reaction'  of  contents  of,  739                   ^^J 

in  Ka«*rie  jiiiw.  707 

siimll,  iiKJVcriK-nts  of,  606                       ^^H 

Hydrolysis.  liKl                                             I 

Intnicellulnr  en/ymcs.  868                          ^^H 

Hydrostatic  factor  in  circulation,  478 

Intracranial  presfiure,  576                          ^^H 

HyperRlyremia,  822 

Intra-ocular  pressure,  310                            ^^H 

Hy|>ermetrnpiii.  300 

intnipulnionic  presstirr,  604                        ^^^B 

Hyyterpnea,  643 

Intnithoracie  prtwiure,  605                               ■ 

Hypertonic  solutions,  918 

orij^in  of.  607                                                " 
variations  of,  with  forced  breath- 

Hypnotic  uleop.  251 

Hypoglossal  ner\e.  nucleuH  of.  233 

inp,  006 

Hypophysis  cerebri,  801 

Intraventricular  prest-ure,  .>02 

Hyiwtoiiic  sohitions,  018 

Introductory  contractions  of  muscle. 

Hyiwxunthin,  61,  777,  779 
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Invertase,  685,  717,  732 

in  stomach,  717 
Involuntary  muscle,  52 
lodothyrin,  795 
Ina,  action  of  drugs  upon,  308 

antagonistic     action     of     muscles 
upon,  305 
muscles  and  nerves  of,  304, 
Iron  in  hemoglobin,  404 

salts,  source  and  nutritive  impor- 
tance of,  833 
Irritability,  definition  of,  22 

of  muscle,  22 

of  nerve  fibers,  80 
Isodynamic  equivalent  of  foodstuffs, 

848 
Isometric  muscular  contractions,  27 
Isotonic  muscular  contractions,  27 

solutions,  definition  of,  885 
Isotropous  substance  in  muscle,  19 

Jacobson,  nerve  of,  687 
Judgments,   visual,  of  distance  and 
size,  359 
of  perspective  or  solidity,  354 

Kidney,  action  of  diuretics  on,  748 

blood-flow  through,  769 

composition  of  secretion  of  (urine), 
772 

function  of  convoluted  tubules,  767 
of  glomerulus,  705 

internal  secretion  of.  HOC)  j 

secretion  of  urine  in.  703 

structure  of,  702  ; 

Kjoklalil's  method  for  determination 

of  nitrogen,  773,  809 
Knee-jerk,  conditions  influencing.  150  | 

definition  of,  147  i 

explanation  of,  149 

reinforci'mcnt  of,  147 

use  of,  as  diagnostic  sign,  151 

Labor,  phvsiologj'  of,  888 
Lactic  acid  in  muscle.  00 

increase  of,  (hiring  contraction, 
64 
Lakcil  blood.  397 
Langerhans,  islands  of,  800 
Large  intestine,  digestion  and  absorp- 
tion of  foo<l  in.  738 
movements  of.  070 
Larynx,  reflex  effects  from,  on  respi- 
rations, 638 
Latent  period  of  muscular  contrac- 
tion, 26 
Lecithin,  748 
Lemniscus,  lateral.  202 

median,  192 
Leucin,  727,  907 

Leucocytes,     effect     of     hemorrhage 
upon,  438 


Leucocyte^,  functions  of,  416 

in  formation  of  thrombin,  429 

structure  and  classification,  416 

variations  in  number  of,  417 
Leuconuclein,  effect  upon  blood  coag* 

ulation,  434 
Liebermann's  reaction   for   proteins, 

910 
Liebig's   classification   of   foodstuffs, 

840 
Light-reflex  in  eye,  306 
Lipase,  683 

m  pancreatic  secretion,  730 

in  stomach,  717,  720 

reversible  reaction  of,  681 
Listing's  law,  349 

schematic  eye,  290 
Liver,  bile-pigments  of,  745 
acids  of,  746 

defensive  action  of,  in  coagulation, 
432 

formation  of  urea  in,  758 

glycogen  of,  752 

glycogenic  action  of,  756 

mtemal  secretion  of,  794 

pulse,  491 

quantity  of  bile,  744 

secretion  of  bile,  748 
Localization  of  function  in  cerebellum, 
227 
in  cerebrum,  181 
Ix>calizing  power  of  skin,  264 
Locke's  solution,  521 
I^oeomotor  ataxia,  164 
Ludwig's  theory  of  urinary  secretion, 

763 
Luminosity  of  visual  sensations.  327 
Lungs,  gaseous  exchanges  in,  627 

vasomotors  of,  571 
Luxus  consumption,  813 
Lymph,  action  of  lymphagogues,  443 

circulation  of,  585 

formation  of,  441 

summary  of  factors  concerned  in 
formation  of,  445 
Lymphocytes.  416 
Lysin,  728,  907,  912 

Maltase,  685,  700,  730,  732 
Maltose,  701,  730 

Mammary    glands,    effect    of    uterus 
upon.  889 
structure  and  functions,  889 
Manometer,  Kick's  spring,  461 
llarthlc's.  462 

maximum  and  minimum,  462 
use  of,  for  determining  blood-pres- 
sure, 455 
Mast  cells,  417 
Mastication,  655 
Mathematical  perspective,  355 
Mean  blood- pressure,  460 


^^^^^^^^^^^^^                DJBEX.                                                                                    1 

^^MHulla  oblongmtA.  *-i2H 

Muscle,  ersographic  records  frtim,  45              ■ 

respiratory  center  in,  631 

extensibility  and  elasticity  of,  19                 M 

Medullary  etrur.  203 

fatigue  of.  33.  17.  66                                ^^M 

Meningeal  spaces.  57-1 

glycogen  of,  757                                        ^^^| 
beat  rigor  of,  49                                        ^^^H 

Men-*tnialion,  874 

effect  of.  on  other  functions,  879 

inorganic  salt^  of.  62                              ^^^| 

pliy»<iol(>Kicul  Ki{^5canee  of,  878 

introductory  contraction'*  of,  33            ^^H 

Mercury  manometer,  uae  of,  for  bloo<l- 

isotonic    and     isometric     contrac-            1 

prospures,  455 

tions  nf,  27                                                   ■ 

Mrtubolinnt,  definition  of.  808 

Uelic  acid  of,  60                                             ■ 

inierm<Hliftrv,  of  cArbohydrat«A,  824 

hitent  |K'rio<l  of  contraction  of.  26                 1 

of  fftt«.  S2« 

maximal  and  subma\imal  contmc-      ^^fl 

1                of  nucleoproteins,  816 

tions  of,  27                                            ^^H 

nf  proteins.  Sll 

nitrogenous  extractives  of,  61                  ^^H 

Metlicmr»cU>bin.  410 

number   of   stimuli    necessary    for            1 

Melhylpurinjt,  778 

tetanus,  42                                               ^^™ 

Micturition.  physioIoKy  of,  783 

IHgments  of,  61                                          ^^^| 

Milk,  eorapuKitiun  of.  891 

plain.                                                        ^^H 

Millon'9  reftctinn  for  pniteinfi,  910 

plasma.  18,  57                                             ^^^ 

Minimal  air.  601 

proteins  of,  57                                                     ■ 

Miosis,  definition  of,  308 

«areopla>*m,  18 

MoUm'Ii  reaction  for  proteinK.  UIU 

simple  contraction  of,  24 

Monakow's  bundle,  171,  187 

£tronm.  59 

Motor  aphasia,  206 

structure  of  fil>er.  18 

arca«  of  brain.  184 

by  polarized  light,  19 

paths  in  spinal  cord,  168 

sumumtion  of  contraction."  of,  39 

pointft  in  man.  88 

theories  of  nature  of  itmtnu-tion, 

Mountain  sirknesH,  050 

68                                            ^^m 

Movements  of  alimentary  canal,  defe- 

tone of,  during  contraction,  41               ^^H 

cation,  671 

tonicity  of,  48                                         ^^M 

deglutition.  6.i5 

vaaomotor  supply  of,  5S3                      ^^H 

.                    lai^e  intestine,  670 

vobmtary  contractions  of,  43                ^H 

f.                   mastie-alion.  Vmo 

whit«  and  re<i  fillers  of,  liO 

h                araall  intestine,  6flri 

Muaclo-sense.  conical  area  for,  191 

^M           stomach,  661 

distribution  and  cluiractcristics  of. 

^V            Voniitini;.  672 

268 

^^Mucin  in  saliva.  690 

ini[)ortance    of.     in     visual     judg- 

Muscnrin, action  of,  on  heart,  539 

ments.  355 

on  irirt.  :U)8 

I«iths  for,  in  spinal  conl.  HV4.  166 

on  Bwejit  Klands,  791 

quality  of.  269 

Muscle,  al^rsolute  power  of,  36 

Muscular  insufficiency  in  movements 

action  current  of.  96 

of  eyeballs.  349 

^^     artificial  stimulation  of,  23 

work,  effwt  of.  on  heart  rat<»,  548 

^^U   carbohydrates  of,  59 

on     physiological    oxidations. 

^H  eardiac.  properties  of,  54.  523 

840 

^^k  •hemical    cimnges   of.   io   contrac- 

on  protein  melabolism,  841 

^B          tion.  62 

on  respiratory  movements,  648 

^^"        eompcwition  of.  57 

Musical    sounds,     classification    and 

compound  contruclions  of,  39 

pru[H'rtie8  of.  372 

eont  ruction  of.  26 

My«iriasi».  defiuilion  of,  30S 

contraction  wave  of,  33 

Myelin  sheath  of  nerve  fibers,  func- 

coDtmciure of.  33 

tion  of,  73 

curve  of  work  of.  36 

Mveliniintion    metho<l    of    Klechsig. 

death  riffor,  49 

"158.212 

demarcation  current  of,  91 

Myogen,  58 

direct  irriliibility  c»f,  22 

fibrin.  58 

^_    disappearance  of  glycogen  in,  t>3 

Myogenic  theory  of  heart  lieat.  517 

Myohemutin.  412 

^^B   effect  of  ti-nipi^rutiire  u|x>n,  28 

^^H        of  veratrin  uiMm,  30 
^H  enerfry  Ubemt<^  in.  34 
^B    EniceTmann's  artificial,  69 

Myopia.  ;W0 

Myosin,  58 

fibrin.  58 

P         en^jrmea  of,  61 

Myxedema,  795                                                   j£ 
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Narcosis,  effect  of,  upon  nerve  im- 
pulse, 109 

Near  point  of  distance  viaon,  296 

Negative  pressure  in  thorax,  605,  607 
in  ventricle,  510 
variation  in  muscle  and  nerve,  96, 
98 

Nerve,  abducens,  nucleus  of,  232 
auditory,  201 

chorda  tympani,  274,  688,  691 
facial,  nucleus  of,  232 
fourth  cranial,  nucleus  of,  230 

f;lossopharyngeal,  nucleus  of,  232 
typoglo^al,  nucleus  of,  233 
motor  and  sensory  roots  of,  77 
olfactory,  204 
optic,  195 
recurrent    sensibility    of    anterior 

roots,  77 
spinal  accessory,  nucleus  of,  233 
tnird  cranial,  nucleus  of,  229 
trigeminal,  nucleus  of,  230 
twelfth  cranial,  nucleus  of,  233 
vagus,  nucleus  of,  233 
Nerve-cell,  chromatoljrsis  of,  121 

classification  of,  in  spinal  cord, 

155 
degenerative  changes  in.  121 
peneral  physiology  of,  129 
mtemal  structure  of,  127 
metabolism  in,  130 
neuron  doctrine,  123 
reaction  of,  129 
refractory  period  of.  133 
summation  of  stimuli  in.  130 
varieties  of,  125 
Nerve-fibers,  action  current  of,  96        j 
afferent  and  efferent.  75  | 

anodal  and  cathodal  stimulation  i 

of,  82 
antidromic  impulses  in.  78 
artificial  stimuli  of,  80 
autoregeneration  of,  120 
classification  of,  75 
core  model  of,  102 
degeneration    and     regeneration 

of.  US 
denuircation  current  of,  91 
direction  of  conduction.  107 
<Iu  Hois-Reymond's  law  of  stim- 


ulation, 82 
electrical  stimulation  of.  in  man, 

89 
electrotonic  currents  of.  101 
electrotonus  of.  83 
impulse  in,  historical,  104 
inuependent  irritability  of,  80 
metabolism   in,   during  activity, 

112 
myelin  sheath  of.  73 
nutritive  relations  to  nerve  cells, 

117 


Nerve-fibers,  opening  and  clofflog  tet- 
anus of,  86 
PflOger's  law  of  stimulation  of,  84 
stimulation  of,  in  man,  86 
structure  of,  73 

unipolar  method  of  stimulating, 
87 
Nerve-impulse,  historical,  104 
metabolism  during,  111 
modification  of,  By  various  in- 
fluences, 109 
qualitative  changes  in,  76,  116 
relation  of,  to  action  current,  100, 

107 
theories  of,  113 
velocity  of,  105 
Nervi  eri^entes,  239,  565,  583 
Neurogemc  theory  of  heart  beat,  516 
Neuron  doctrine,  123 
Neurons,  varieties  of,  125 
Nicotin,  action  of,  on  salivary  secre- 
tion, 697 
on  sweat  secretion,  790 
use  of,  in  tracing  autonomic  fibers, 
236 
Night-blindness,  hemeralopia,  339 
Ninth  cranial  nerve,  nucleus  of,  232 
Nisd's  granules,  128 
Nitric  oxid  hemoglobin,  404 
Nitrogen,  condition  of.  in  blood,  623 
determination  of,  809 
equilibrium,  808 

effect  of  non-protein  food  on,  81 1 
excretion  in  urine,  773 
Nitrogenous  extractives  of  muscle,  f»I 
Nodal  point  of  eye,  290 
N on-polar izable  electrodes.  95 
Normoblasts.  414 
Nuclease,  779 

Nucleo-albumin,    general    properties 
of.  911 
in  bile,  748 
Nucleon,  60 
Nucleoproteins.  913 
in  blood.  426 
intermediary  metabolism  of,  816 

Obksitv.  physiological  cause  of.  829 
Ohm's  law  of  composition  of  sound 

waves.  375 
Olfaction,  end-organ  for,  279 

mechanism  of,  280 
Olfactometer,  284 
Olfactory  associations,  285 

bulb,  histological  structure  of,  204 

center  in  cortex,  204 

nerve,  course  of  fibers  of,  in  brain, 
204 

organs,  fatigue  of.  283 

sensations,  classification  of,  281 
conflict  of,  285 
qualities  of,  281 
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Olfactoo'  fensatione,  threshotd  Btim- 

uluB.  2h;j 
srnso  colls.  2Sf) 
Ktiniuli,  iialuro  of,  281 
Oncometer,  770 
Ophthalruot^oope.  31 1 
OphthuliimiiicUT,  314 
Opotherapy.  793 
OpfloninH.  418 

Optic  chiiixuia,  (iecussation  in,  197 
stnictnrt*  of,  195 
nerve,  course  of  fibers  of,  iu  brain, 

11*5 
mdintion.  1116 
thttlanuifl,  functionB  of,  216 

in  vision,  199 
tracts,  structure  of.  197 
Optical  tlcceptionti,  360 
OptoKranw  on  retina,  319 
0»mosis,  definition  of,  914 
Osraolic  pressure,  definition  of,  914 
determination  of,  916 
of  blood.  397 
Oval  field  uf  rieclisiK.  171 
Ovuri<»s,  internal  siTretion  of,  803 

relation  of.  to  menstruation,  877 
Overtones,  production  uf,  374 
Ovulation.  873 
Ovum,  fertilization  of.  883 
iniplantution  of,  in  uterus.  884 
miitunition  of.  SHO 
pasHO^e  of,  into  uterus,  879 
Oxalate  solutions,  effect  of,  on  coagu- 
lation. 435 
Oxidases.  683.  866 
Oxidations,  theories  of,  860 
Oxygen,    action    of.    on    respiratory 
center.  641.  649 
compound     of,    with    hemo^loKtin, 

4(13 
oondilion  of,  in  blood.  624 
effectJi  of,  on  muscular  irritabilily, 
63 
varying  preesurce  of,  on  respira- 
tion. MM 
tension  of,  in  alveolar  air,  628 
in  tissues,  629 
in  venous  blncMl,  628 
Oxyhemoglobin.  103 
Oxypurins,  778 

Pacchionian  bodies  of  brain.  575 
P^n    sense,    distribution   and  cbai^ 
aelerislics  of,  266 
iooalixation  of,  267 
pftth  for,  in  cord,  167 
P&nrrean,  action  of  lipufie  in.  730 
anatomy  of,  721 
curve  of  secretion  of,  723 
digetitive  action  nf  secretion,  725 

on  carbohydrates,  729 
internal  secretion  of,  804 


Pancreas,  normal  meohanifmiof  secre- 
tion, 724 

aecrelorv  nerves  of,  722 
Paraglobulin.  423 
Paralysis  (.motor).  186 
Paralytic  accretion  isalivaj.  698 
Pnmpeptone.  714 
Parathyroid,  structure  and  function 

of,  794.  795 
Parthenogenesis.  884,  9a3 
Parturition,  physiology  of,  888 
Pemlular  movemcnt.s  (intestine),  666 

sound  waves,  373 
Pepsin,  71 1 

difMHJvery  of,  678 

properties  of,  71 1 
Pepsin-hydrochloric    acid    digestion, 

713 
Peptide.  729,908 
Peptone.  714.  912 

absorption  of,  in  t-tomaeh,  720 

effect  on  clotting  of  bltiod,  435 

hemi-  and  iiati-,  726 
Pept<»;;viii,  436 
,  lVricar'di:il  liquid,  423 
'  Perimeter.  320 
I  Peripliend  fit-Id  of  vision,  321 

resistance  in  cireuhition,  477 
PerlBtalsis.  t>*)6 
Peroxidus4"N.  869 
PfTspiriition  (see  .Sirwif) 
Pettenkofer's  reaction,  746 
PHiiger  law  of  stimtUution,  84 

tetanus,  86 
Phagocytes.  418 
Phenolsuiphurie  acid,  781 
Phfnyhilanin,  727.  907 
Phlor'idzin  diiibetes.  823 
Phosphoearnie  ucid,  60 
Phrenology,  ISl 
Physiological  diplopia.  351 

oxidations,  theories  of.  H66 
Lavoisier's  work,  588.  8.52 

point  (vision),  323 

saline.  398 
PhysoHtiginin.  action  of,  on  iris.  308 
Pilacurpin,  action  of,  on  heart,  539 
tin  iris.  308 

on  «ilivary  ghinds,  697 
on  swerit  glunds,  7VU 
Pituitary  tuKly.  structure  and  funo- 

tions  of.  801 
PiijArf .  S22 

Pliicenta,  functions  of,  885 
Plain  muscle.  52 

Plasma  of  blood,  coniposition  of,  420 
FMcthysmography,  553 
Pnnumopastric  nerve  (sec  Vagiu) 
Pnt-umfigraph.  59!l 
Pneumothorax.  608 
Poikiloihemious  animals,  853 
Polar  bodies  of  ovum,  881 
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P.>lT^«ptia.  T29.  90S 

Putative  electrical  variation  in  heart, 

Posterior  columns,  descending  tracts 
of.  171 
tract*  of.  162 

n>ot.  tenuination  in  cord,  161 
eelL*  ol.  origin  of.  78 
PiMt^ruixlionic  nerve  fibers,  235 
Puta^tim  phosphate  in  muscle,  65 

^ts.  :ftctHXt  (M.  on  heart,  520 
Potential  eneny  of  food,  845 
Precipitins.  909 
Ptedicrotic  pulse  wave,  488 
Fresnnxhomc  ner\-c  fibers.  235 
Pte^cnancy.  changes  in,  887 
Prepvramidal  tracts.  171 
Prvsbwpia.  296.  301 
Ptesssor  ner\'e  fibers,  560 
Pressure  of  gases  in  solution,  622 

sense,  distribution  of,  263 
deep.  260 

localizing  power,  etc.,  264 
Primary  proteose,  714 
Principal  axis  of  lens,  287 

focal  distance,  287 
Projection  system  of  fibers  (brain), 

175 
Propeptono,  714 
Prostate  gland.  894.  898 
Protalbumost»s.  714 
IVitamins.  895.  912 
IVotanopia.  3;j4 

Proteins,  absorption  of,  in  intestine, 
737 

as  glvcogen-formcrs,  754 

classification  of.  910 

definition  and  structure  of,  907 

diffusion  of.  919 

excretion  of  nitrogen  of,  773 

jccnend  reactions  of.  908 

MX  l»kH>ti-plasnm,  422 

neit'ssan.'  amount  of,  in  diet,  813 

normal  metabolism  in  body,  811 

of  nuisolc.  57 

i»snu»tic  pressure  of.  918 

putrx'faction  of.  in  large  intestine, 
740 

sjvt'ifio  dynamic  action  of.  818 
Itx'itx'lytic  enzymes,  68^i 
l'rv•u^>s^^<.  gt'ueral  properties  of,  714, 

l>*.»to(»iithic  s*'nsations.  260 
l>\Hhr\»mbin.  430 
l*t\'\imate  principles  of  food,  675 
IVvehoplivsical  law,  25() 
l^yaliit.  t»W 

aotivm  of.  in  stomach.  663 

di^-^tive  aelion  of,  700 

cff^vt  of  various  conditions  upon, 

l\dH'rtv.  ST4.  S*»3 


!  Pulmonary   arteries,   vasomotors   of, 

571 
I      circulation,  peculiarities  of,  480 
,  variations  of  pressure  in,  481 

Pulse,  anacrotic  waves  of,  489 
catacrotic  waves  of,  488 
form  of  wave,  487 
general  statement,  483 
varieties  of,  in  health  and  disease, 

490 
velocity  of,  propagation  of,  484 
venous,  491 
Pulse-pressure,  459 
Purin  Dases,  61,  777 
Purkinje,  images  ot,  294 

phenomenon,  328 
Putrefaction  in  intestines,  740 
Pyloric  glands  of  stomach,  703 

secretion  of,  713 
Pyramidal  tract  in  brain.  185 

in  spinal  cord,  169 
Pyrrol  compounds  in  protein  mole- 
cule, 727 
Pyrrolidin-carboxyUc  acid,  727,  907 

Reaction  time,  106 

of  degeneration,  89 
Reactions  for  proteins,  908 
biological,  399 
Gmelin's,  745 
of  blood,  393 
of     contents     of     small    intestine, 

739 
of  urine,  772 
Pcttenkofer's.  746 
Recurrent  sensibility  of  anterior  roots, 

77 
Red  blood-corpuscles,  chemical  com- 
position of,  421 
I  condition  of  hemoglobin  in.  396 

effect  of  hemorrhage  upon,  413 
hemolysis  of,  397 
influence  of  spleen  upon,  413 
number  and  size  of,  395 
origin  and  fate  of,  412 
variations  in  number  of,  414 
Reduced  hemoglobin,  403 

schematic  eye,  290 
Reflex  actions,  axon  reflexes,  144 
classification  of,  137 
definition  and  historical.  134 
from  parts  of  brain,  143 
influence  of  condition  of  cord  on, 
142 
of  sensory  endings  upon,  139 
inliibition  of,  140 

of  heart,  536 
knee-jerk,  147 

of  erection  and  ejaculation.  897 
of  respiratory  center,  633.  638 
of  vasomotor  nerves.  560 
preparation  of  reflex  frog,  136 
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teflex  actions,  reflex  arr,  134 

rf^pimton*.   from   noflc,   larjTix, 

and  pharynx,  Vy,iH 
special  and  dfop  reflexes  of  cord, 

151 
Bpinal  reflexes,  136 
theory  of,  138 

through  |>cnpheral  ganf:lia,  143 
through  vu^judilalor  ucrveH,  506 
time  of,  14U 

TQrck'ij  method  of  studying,  142 
Uefractivc  power  (.)f  vyv.  2i*7 
Refractory  perioil  of  heart  beat,  523 

of  ner\"o  crll.  Vi',i 
Rti;em*ruti«Mi  in  nervi^  fibern,  118 

of  imrts  of  botiy,  yOI 
Reinf(»roeroent  of  knee-kick.  147 
Rennin.  715 

of  kidney,  807 
Reproduction,  elianges  during  preg- 
nancy, 887 
in  uteru.-!  in  menstruation,  875 
chemistry  of  spemmtozoa,  895 
determinution  of  m?x,  1M)1 
erection,  H^Hi 
fertilization  of  ovum,  883 
functionf^  of  placenta,  885 
g*'nerttl  Matemenl*!.  871 
gntwlh  and  M^nescence.  004 
FieriHlity.  S^J9 

implantation  of  ovum,  HH4 
mammary  f(hindt>,  88U 
menstruation.  874 
nutrition  of  embr)*©,  S86 
ovulation,  872 
parturition.  888 
propertif^  of  spermatozoa.  893 
relation    of    ovaries    to    menstnia- 

(ion,  876 
Hlructure  and  functionB  of  corpus 
luteuni,  872 
of  tiraafittn  foUicIes,  872 
Residual  air.  GDI 

Keswiiuuice,    importance  of,    in  func- 
tions of  ear,  376 
Respiration,  abdominal  tj-pc,  597 
acapnia,  646,  651 
acoeBsory  centers  of,  in  brain,  640 

respiratory  movements,  598 
anatomy  of  thorax,  5Vil 
apnea,  643 
artificial.  602.  612 

Mratory  action  of.  on  blood-flow. 
608 
asphyxia,  644 
automatic    action    of    respiratory 

center.  633 
bronchoconyt  rictor    and    broncho- 

diUtor  fibers,  646 
calorimeter,  859 
capacity  of  the  bronchi,  602 
chamber,  810 


Respiration,  chemical  eomjwsition  of 
inspinni  and  expired  air,  013 

Cheyne-Siokes  ly}>e  of.  654 

eomulcmental  air,  (Mil 

dimiition  of  cart>on  dtoxid  in  hlooii, 
ti25 

costal.  597 

definition   of   inspiration   and   ex- 
piration, 592 

diiwociation  of  oxyhemoglobin,  024 

dyspnea.  596.  643 

elti'ct  of  unrinia  uikui,  654 

of  tliiingfs  in  barometric  prpssuro 
upi>n,  itTA) 
in  eumpo^itiou  of  uir.  648 
of  nuisctifar  work  upon,  tM8 

pxclmnpG  of  gases  in,  613 

forced,  596 

gaseous  exchange  in  Itmgs,  627 

gaspFt  of  blood,  617 

history  of.  587 

liyi^rpnea,  6-13 

increased  licart-rale  during  inspira- 
tion, U12 

injurious  effect  of  expired  air,  fil4 

intrapuhminic  prttwure,  004 

inlralhorufic  pretwure.  605 

mecfianirtni  of  in^nirution.  593 

methods  of  rceoroing.  598 

miniuud  air,  001 

mot Ufied    n'^spi ra lory    movements. 
653 

mountain  sickness.  6;*iO 

muscles  of  expiration,  595 
of  inspiration,  595 

negative  ^>reHsure  in  thorax,  606 

normal  Btmiulus  of.  640 
ventilation  of  alveoli.  602 

t>f  swallowing,  6.57 

origin    of    negative     pressure    in 
tliorax.  607 

physical  theopj-  of,  f>27 

phypiologieal    anatomy    of   organs 
of,  591 

pneumothorax.  60S 

reflex    ^tiuuilation    of    respiratory 
center,  ti.'i3 

relation  of  vagus  nerve  to,  <W5 

residual  air,  G0\ 

respirator^'  center,  631 
quotient,  652 
waves  of  bliHid- pressure,  609 

secretion  of  gases  m  lungs,  630 

spitial  rc^spimtorj'  centers,  632 

Bup])lemental  uir.  601 

tension  of  gases  in  alveolar  air,  628 
in  arterial  hlixwi.  629 
in  tissues,  029 
in  venous  blood.  628 

tidal  air.  601 

value  of  nitrof^n  in.  623 

ventilation,  principles  of,  614 
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Respiration,  vital  capacity,  600 

volumes  of  air  respired,  600 

voluntary  control  of,  639 
Respiratory  center,  631,  639 
automatic  activity  of,  633 
normal  stimulus  of,  640 
reflex  stimulation  of,  633 

quotient,  652 

waves  of  blood-pressure,  609 
Retina,  action  current  of,  317 

acuity  of  vision  in,  323 

after-images  from,  331 

color  blindness  of,  333 
contrasts  in,  332 
vision  in,  328 

corresponding  points  of,  350 

distribution  of  color  sense  in,  336 

eutopic  phenomena,  344 

function  of  n>ds  and  cones  of,  337 

fundamental    and    complementary 
colors,  330 

light  adapted  and  dark  adapted, 
326 

portion  of,  stimulated  by  light,  316 

projection  of,  on  occipital  lobes,  197 

qualities  of  visual  sensations  from, 
328 

size  of  fovea  in,  323 

theories  of  color  vision  in,  340 

threshold  stimulus  of,  325 

visual  purple  of,  318 
Retinoscope,  313 

Reversible  chemical  reactions.  680 
Rheoscopic  frog  preparation,  99 
Rhodopsin,  318 

Ribs,  action  of,  in  inspiration.  594 
Rigor  of  muscle,  49,  51,  62,  GG 
Ringer's  solution.  520 
Ritter's  tetanus,  86 
Rivinua,  ducts  of,  687 
Rods  and  cones  of  eye,  functions  of, 

337 
Romberg's  symptom,  224 
Rubrospinal  tract,  171,  187 

Sacculvs,  functions  of,  389 
Saliva,  chorda,  092 
composition  of.  000 
digestion  action  of,  700 
general  functions  of,  702 
secretory  nerves  for,  691 
sympathetic,  692 
Sahvar>'  glands,  action  of  drugs  upon, 
697 
anatomical  relations,  687 
histological    ciianges   during   ac- 
tivity, 694 
structure  of.  687 
normal  stimulation  of.  698 
secretory  centers  for.  099 

nerve  fibers  of,  691 
theory  of  secretory  nerves,  693 


Salts,  absorption  of,  in  stomach,  719 

excretion  of,  782,  833 

general  nutritive  importance  of,  832 
Sarcolactic  acid,  60 
Sebaceous  glands,  secretion  of,  791 
Secondary  axes  of  a  lens,  288 

degeneration,  nerve  fibers,  117,  158 

proteoses,  714,  912 
Secretin,  gastric,  711 

pancreatic,  724 
Secretion,  687 

internal,  793 

paralytic  (saliva),  698 

of  bile,  748 

of  gastric  juice,  708 

of  mteatinal  juice,  731 

of  pancreatic  juice,  722 

of  saliva,  691 

of  sebaceous  glands,  791 

of  sweat,  788 

of  urine,  772 
Secretogogues  of  gastric  glands,  710 
Secretory  nerves  of  salivary  glands, 

691 
Semicircular  canals,   direct  stimula- 
tion of,  384 
Flourens's  experiments  upon,  383 
structure  of,  382 
temporary  and  permanent  effecta 

of  operations  on,  384 
theories  of  functions  of,  385 
Seminal  vesicles,  function  of,  894 
Senescence,  904 
Senses,  classification  of.  252 

cutaneous  and  internal,  259 
Sensory  aphasia,  208 

areas  of  cortex,  190 

paths  in  spinal  cord,  162,  165 
Sequence  of  heart  beat,  525 
Serm,  907 
Serum,  action  of  foreign,  398 

-albumin,  422 

-globulin,  423 
Seventii  cranial  nerve,  nucleus  of,  232 
Sex,  determination  of,  901 
Side-pressure  in  blood-vessels,  473 
Sixth  cranial  nerve,  nucleus  of,  232 
Skatoxylsulphuric  acid,  740,  782 
Skeletal  muscular  tissue,  physiology 

of,  18 
Skiascope,  313 
Skin,  excretory  functions  of,  788 

sweat  glands  of,  788 
Sleep,  changes  in  circulation  during, 
245 

curves  of  intensity  of,  243 

effect  of  sensory  stimulation  dur- 
ing, 246 

hypnotic.  251 

metabolism  during.  842 

physiological  phenomena  of,  241 

theories  of,  247 
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Small  inicstinp.  abftorptton  in,  733 

Stimulants,  677                                      ^^M 

Smegniu  pra-putii.  7\t'2 

nuthti\'e  importance  of,  836               ^^B 

iSinoll,  (.•i'nt4?r  for.  in  brain,  204 

Stimuli,  artificial,  of  muscle.  23               ^^H 

end-organ  of,  279 

of  nervr,  80                                           ^H 

.Sniulliug,  mechani9in  of,  28U 

Stoki'.vAdains  syndrome.  527                   ^^H 

Stxiiuni    {'hlorid,    nutritive   value   of, 

Stoki>s'H  rtNltieing  ngeiii.  409                      ^^| 

833 

Stomach,  absorption  in,  718                    ^^^ 

aalU,  effect  of.  on  hoart-beat,  520 

anatomy  of,  (MHJ                                       ^H 

Sornntopliuim.  dpfinition  of.  W)5 

automntieity  of.  665                              ^^H 

SouDd,  aensationH  of  (sec  Kar) 

digestion  in.  717                                    ^^M 

waves,  naturu  and  action  of,  :i7i! 

elands  of,  703                                            ^^M 
histological     changes    in,     during      ^T^ 

overton««8  of,  374 

simple  and  compound.  373 

activity,  704                                               | 

Specific   fnerzy    of   taste   sonaationH, 

menus  of  obtaining  secretion  of,  705 

277 

nicrluinism  of  gastric  secretion,  709 

gravity  of  blood.  394 

movemenla  of,  661                                            , 

nerve  onorKics.  doctrino  of,  1 IG,  254 

musculature  of,  i5iS\ 

of  cvitaneouH  nerves,  2fi2 

proiHTties  of  i>cpsin  of.  711 

Spectra,  absorption,  blood,  400 

secretory  nerves  of,  708 

Spectroscope.  407 

Strabismus,  liSO 

Spcrmatoroa.  chemistry  of,  895 

Stronmhr.  449 

maturation  of.  8()3 

Subliinimd  stimulus,  325 

proper ticH  of.  H\r.i 

Submaxillary  ganglion.  668 

Spermin.  803 

Succus  entericiis,  731 

Spherical  jiberration  in  eye,  290 

Sugars  (see  Varlxifnjd rates) 

SphyginoRrapliy,  4H6 

Sugar  puncture,  822 

Sphygmomanometers    for    determin- 

Sulphur, forms  in  wliich  excreted,  781 

ing  blood-pre.Hsure  in  tnan.  407 

Summation  of  muscular  contractions. 

Spimd  cord,  m.h  path  of  ronduction.  155 

39 

classification  of  tructs  in.  158 

of  etitnuli  in  ne^^•e  centers.  131 

effect  of  removing,  14.j.  (i72 

Superior  olivary'  body,  relation  of,  to 

general    relatione    of    gray    and 

auilitnry  [►atlis,  202 

white  mailer  in.  157 

Supnlenir'nlal  air,  601 

[Touiw  of  eells  in,  l.j.'j 
Helweg'H  bundle  in,  172 

Swallowing,  ti.'>5 
respiration,  ti.'»7 

homolateral     and     central  a  teral 

Sweat,  amoimt  and  composition  of. 

conduction  in,  IftK 

788 

le«s  well-known  tracts  of.  170 

nerve  centers  for.  791 

Mouakow's  bundle  in.  171,  187 

sccretorj*  fillers  of,  789 

paths  in,  for  cutuneouti  impulses, 

Sweat-nerves,  action  of,  in  heat  regu- 

167 

lation.  Htil 

pyramidal  tracts  of,  158 

Sympathetic  ner\ou8  system,  general 

reflex  activilieH  of,  134 

relations,  234 

tonic  activity  of,  1  15 

resonance,  376 

tractd  of.  in  lateral  column,  165 

Synlonin.  714 

in  posterior  rohmiii.  162 

Systole,  duration  of,  in  heart.  507 

in  white  mntter.  lo8 

Systolic  arterial  pressure.  459 

vestibulo-spinal  tract,  171,  220 

determination  of.   in  animals. 

reflex  movements.  136 

461 

reflexes  in  manmiaU,  130 

in  man.  467 

respiratory  center,  (i32 

plateau  of  ventricular  contraction. 

Spirometer,  5<X) 

503 

Spleen,  physiology  of.  759 

8t«nnius,  hr«t  ligature  of.  528 

Tabeh  doraalis,  1&4 

Stapeiiius  muscle,  function  of,  368 

Taste  buds,  276 

Starvation,  effect  of.  on  body-metab- 

center  for,  in  brain,  206 

oU*»m.  H43 

nerves  of,  274 

Steapsin  !»«•<•  Lipnnc) 

sensations,  clasaificatinn  of.  276 

Stenwjn's  duct,  687 

speciQc  energy  of.  277 
threshold  stimulus,  279 

SteriH.ignostic  wnw.  101 

Stereoweopic  viHion,  356 

sense  of.  274 

StethoHcofie.  .503 

stimiUi,  mode  of  action.  278 
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Taurin.  747 
Taurocholic  acid,  747 
Tectorial  membrane,  378 
Temperature  (see  Heat) 

effect  of,  on  bodv  metabolism,  842 
on  eases  in  solution,  621 
on  heart  rate,  550 
on  muscular  contraction,  28 

of  human  body,  854 

sense,  distribution  and  character- 
istics, 260,  263 
path  for,  in  spinal  cord,  167 
punctiform  distribution  of,  260 
Tension  of  gases  in  solution,  622 
Tensor  tympani  muscle,  function  of, 

368 
Tenth  cranial  nerve,  nucleus  of,  233 
Testis,  internal  secretion  of,  802 
Tetanus,  number  of  stimuli  necessary 
for.  42 

of  artificial  muscle,  71 

of  muscle,  39 

opening  and  closing,  86 
Theobromin,  778,  &36 
Third  cranial  nerve,  nucleus  of,  229 
Thirst,  sense  of,  272 
Thorax,  as  closed  cavity,  592 

aspiratory  action  of,  608 

normal  position  of,  592 

origin  of  negative  pressure  in,  607 
Thrombin,  428,  430 
Thrombokinaj=e.  430 
Thronibogen.  430 
Thymus,  798 
Thyroid,  extirpation  of.  795 

function  of,  797 

internal  secretion  of.  794 

tlieory  of  (Cyon),  797 
Tidal  air,  001 

Tigroid  substance  in  nerve  cells,  128 
Tissue  protein,  812 
Tis.sucs,  exclmnges  of  gases  in.  629 
Tone  (musical)  of  muscular  contrac- 
tion, 41 
Tonicity  of  Iieart  muscle,  529 

of  muscle,  48 

of  n(?rve  centers,  145 
Touch  sense,  patli  of,  in  cord,  167 
Tracts  in  spinal  cord.  158 

of  Burdach,  160.  163 

of  Flechsig,  160,  165 

of  Goll,  160,  103 

of  Gowors,  160,  165 

of  Helweg  (olivo-spinal),  172 

of    Monakow     (rubro-spinal),  171, 
187 

in  cerebellum,  220 
Traubc-Hering  waves.  564 
Treppe  of  muscular  contractions,  33 
Trigeminal    nerve,    area   of   distribu- 
tion of.  231 
nucleus  of,  230 


Tritanopia,  334 

Trophic  nerve  fibers,  salivary  glands, 

693 
Trypsin,  683,  726 
Tryptophan,  728 

Turck's  method  for  reflex  time,  142 
I  Twelfth   cranial    nerve,    nucleus    of, 
I     233 

I  Tympanic  membrane,  364 
lyrosin,  727,  907 

i 

1  Unipolar  method  of  stimulation,  87 
I  Urea,  formation  of,  in  liver,  758 
I     origin  and  significance  of,  774,  815 
Ureters,  contractions  of,  783 
Urethra,  sphincter  of,  785 
Uric  acid,  61 

in  spleen,  761 
significance  of,  777,  816 
Uricolytic  enzyme,  779 
Urinary  bladder,  movementa  of,  784 
nerves  of,  787 
pigments,  772 
Unnation,    physiological   mechanism 

of,  783 
Urine,  composition  of.  772 
nitrogenous  excreta  of.  773 
origin  of  acidity  of,  768,  772 
reaction  of,  772 
secretion  of,  763 
secretion  pressure  of,  767 
Uterus,  changes  of,  during  menstrua- 
tion. 875 
effect  of,  on  mammary  glands,  889 
Ulriculus,  fimction  of.  389 

Vagus  nerve,   action   of,   on  gastric 
secretion,  708 

on    heart.    531    (see    also    In- 
hibition) 

on  pancreas,  722 
as  motor  nerve  to  stomach,  664 
nucleus  of,  233 

relations  of,  to  respiratory  cen- 
ter, 635 
Vasomotor  fibers,  centers  for,  in  cord, 

564 
in  brain,  580 

to  pulmonary  arteries,  571 
nerves,  action  of,  in  heat  r^ula- 

tion,  862 
antidromic  impulses  in.  568 
course  and  distribution.  555,  5*>8 
general  properties  of  dilators,  505 
history  of  discovery  of,  551 
methods   used    to   demonst rat e 

552 
of  heart,  570 

position  of  constrictor  center,  558 
reflex  actions  of.  560 
rhythmical  action  of  constrictor 

center.  564 
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Vasomotor  nerves  to  abdominal  or- 
gans, 582 

to  dilator  center  and  reflexes,  566 

to  eenital  organs,  583 

to  head.  581 

to  kidneys,  770 

to  skeletal  muscles,  583 

to  trunk  and  limbs,  582 

to  veins,  584 

tonic  activity  of,  558 
V^ns,  vasomotor  supply  of,  584 
Velocity   of   blood-now    (see   Circu- 

lotion) 
pressure  in  blood-vessels,  474 
Venous  pulse,  491 

in  brain  sinuses,  578 
Venous  blood-pressure,  479 
Ventilation,  principles  of,  614 
Ventricle  (see  Heart) 
Veratrin,  effect  of,  on  muscle,  30 
Vemix  caseosa,  792 
Vestibular  nerve,  201 
Vestibulo-spinal  tract  of  spinal  ^>rd, 

171,  220 
^^8^on  (see  Eye  and  Retina) 
Visual  acuity,  323 
center  in  cortex,  194 


Visual  field,  binocular,  350 
monocular,  322 
fields,     conflict    of,     in    binocular 

vision,  353 
purple,  318 
Vital  capacity,  600 
Voluntary  muscular  contractions,  43 
Vomiting,  672 

Wallerian  degeneration,  117,  I5K 

Warm  spots  of  skin,  2<>0 

Water,  absorption  of,  in  stoniach,  718 

excretion  of,  782 
Weber-Fechner  law,  250 
Wharton's  duct,  687 
Wirsung,  duct  of,  721 
Work  done  by  contracting  iiiuhcIc,  37 

Xanthin,  61,  777 
I      oxidase,  779,  817 
Xanthoproteic  reaction  for  prot^^itiH, 

;     910 

Zymogen,  684 
I      granules,  606 

I  Zymoplastic   subHtuncirK   in   rnagtil.'i- 
,       tion  of  bloixl,  430,  432 
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92s  WALNUT  STREET  PHILADELPHIA 

9.  HENRIETTA   STREET,  COVENT  GARDEN,  LONDON 


MECHANICAL    EXCELLENCE 

J^OT  alone  for  their  litcrarj'  excellence  have  the  Saunders  pubti- 
•^  cations  become  a  standard  on  both  sides  of  the  Atlantic:  their 
mechanical  perfection  is  as  universally  commended  as  is  their  sci- 
entific superiority.  The  most  painstaking  attention  is  bestowed 
upon  all  the  details  that  enter  into  the  mechanical  production  of  a 
book,  and  medical  journals,  both  at  home  and  abroad,  in  reviewing 
the  Saunders  publications,  seldom  fail  to  speak  of  this  distinguishing 
feature.  The  attairunent  of  this  perfection  is  due  to  the  fact  that  the 
firm  has  its  own  Art  Department,  in  which  photographs  and  drawings 
of  a  very  high  order  of  merit  are  produced.  This  department  is  of 
decided  value  to  authors,  in  enabling  them  to  procure  the  services  of 
artists  specially  skilled  in  the  various  methods  of  illustrating  medical 
publications. 

A  Complete  Cftt&lotfue  of  our  PubUcationi  will  b«  S«nt  upon  Request 


SAl/NDERS'    BOOKS   ON 


Stelwa^lonV 
Diseases  of  the  Skin 


A  Treatise  on  Diseases  of  tlie  Skin.  For  Advanced  Students  and 
Practitioners.  By  Henry  W.  Stelwagon,  M.  D.,  Ph.D.,  Professor  of 
Dermatology  in  the  Jeficrson  Medical  College,  Philadelphia.  Hand- 
some octavo  volume  of  1135  pages,  with  258  text-cuts  and  32  full- 
page  colored  lithographic  and  half-tone  plates.  Cloth,  $6.00  net; 
Slieep  or  Half  Morocco,  $7.50  net. 

JUST      ISSUED  — NEW      (5th)       EDITION 
FIVE  LARGE  EDITIONS   IN  FIVE  YEARS 


The  demand  for  five  editions  of  this  work  in  a  period  of  five  years,  and  the 
many  irratifyin^^'  revicA-  notices  indicate  beyond  a  doubt  the  practical  character  of 
the  book.  In  preparin,^  the  work  the  predominant  aim  kept  in  view  was  to  si:))- 
ply  the  phvsioian  with  a  treatise  written  on  plain  and  practical  lines,  j^ivinj;  abun- 
d;int  helpful  case  illustrations.  In  this  edition  the  section  on  Tropical  Skin 
Diseases  has  been  vciy  thorouijhiy  revised  and  a  number  of  unusual  illustrations 
added.      It  is  the  mt>sl  up-to-date  work  on  skin  diseases  published. 


PERSONAL  AND   PRESS  OPINIONS 


John  T.  Bowen.  M.D.. 

WjwjA/'//  I'rofessor  of  Dcrmato/o^y.  H in\ird  University  Medical  Schoof.  Hositm. 

"  It  gives  mo  great  plciRure  to  endorse  Dr.  Sielwatjon's  hook.  Tlie  clearness  of  description 
is  a  maiki'd  feature.  It  is  niso  very  carefully  compiled.  It  is  one  of  the  best  text-books  yet 
published  and  a  credit  to  American  dermatology." 

George  T.  EUiot.  M.  D., 

Froffssor  of  l)ermatoi<\i:y,  Cornell  University. 
■It  is  a  book  that  I  recnnimend  to  my  cl:i-.s  at  Cornell,  because  for  conservative  judgment, 
for  accurate  ol)sir\ation..tiid  for  a  tiiorough  appreciation  of  the  essential  position  ol   dermatol- 
ogy. I  tliink  It  holds  tir--i  place." 

Boston  Medical  and  Surgical  Journal 

"Wc  can  ctirdially  recommend  Dr.  Stelwagon"s  book  to  the  profession  as  the  best  text- 
book on  dermatology,  for  the  advanced  student  and  general  practitioner,  that  has  been  brought 
strictly  up  to  date.  .  .  .  The  photographic  illustrations  are  numerous,  and  many  of  them  arr 
of  great  excellence.' 


DeSchweinltz's 
Diseases  of  the  Eye 

Juit  Issued — The  New  (5th'  Edition,  Enlarged 

Diseases  of  the  Eye;  A  Handbook  of  Ophthalmic  Practh 
By  G.  K.  DEScinvEiMTZ,  M.D..  Profcssorof  Ophthalmology  in  the  Uiii- 
vcrsit)'  of  Pennsylvania,  Philadelphia,  etc.  Handsome  octavo  of  894 
pages,  313  text-illustrations,  and  6  chromo-Iithographic  plates.  Cloth, 
$5.00  net;  Sheep  or  Half  Morocco,  $6.30  nut 

WITH  Zn  TEXT-ILLUSTRATIONS  AND  6  COLORED  PLATES 

For  this  new  edition  the  text  has  been  very  thoroughly  revised,  and  the  work 
enlarged  by  the  additiun  uf  new  matter  to  the  extent  of  some  one  hundred  pages. 
There  have  been  added,  amongst  other  subjects,  chapters  oii  the  following  :  X-Ray 
rrcaiment  of  Epitliehoma,  Xeroderma  rigmentosum  ;  Purulent  Conjunctivitis  of 
Young  Girls;  Jequiritol  and  Jequiritol  Serum  ;  X-ray  Treatment  of  Trachoma; 
Infected  Marginal  I'lccr  ;  Keratitis  Punctata  Syphilitica  ;  Uveitis  and  Us  Varieties  ; 
Eye- ground  Lesions  of  Hercditar>- Syphilis  ;  Macular  Atrophy  of  the  Retina; 
Worths  Amblyoscope  ;  Stovain.  Aiypin  ;  Molais'  (Operation  for  Ptosis  ;  Kuhnt- 
Miillers  Operation  for  Ectropion  .  Haab's  Method  for  Foreign  Hodies  ;  and 
Sweet's  .\-Ray  Method  of  Lncaliiing  Fnreign  Ilodies.  Other  chapters  have  been 
rewritten.     The  excellence  of  the  TUustrativc  feature  has  been  maintained. 


PERSONAL  AND    PRESS  OPINIONS 


Samuel  Theobald,  M.D.. 

Ci'iMuu/  /'ri/r\HT  tf/  Ophtk^imohgy,  Ji'hni  Ihpkias  Vnivrrtity.  Paltimore. 
"  It  is  a  work  that  I  have  hcM  in  hif:h  rstrcm.  and  U  one  or  the  two  or  tbrer  books  upoo 
the  eye  which  1  havt  been  in  the  habit  uf  rrcom  men  ding  \o  my  students  m  the  Johns  Hopkins 
Mcdicml  2>cfaooL  ' 

W.  Franklin  Coleman.  M.  D.. 

Prf/fih^r  of  l*ii»>iS£i  .'/4h*  Eyt,  Postgradmatt  Mfdicai  Sck^ot.  Ckuagp, 

"1  nm  very  much  pleased  with  deSchweinitz's  work  and  will  recommend  it  to  the  membefS 
n(  my  cl.iM  AS  a  most  reliable,  complete,  and  up  to  date  text-book." 

Bcitiah  Mescal  Joum*] 

"A  clearly  written,  comprehensive  manual.  One  which  we  can  commend  to  stadent«  as  a 
reliable  Icxi-book.  wnuen  wi:h  an  rvident  knowledge  of  the  wants  of  those  cnicrini;  uj>on  the 
itudy  of  \h\s  special  branch  of  medical  sdenc«." 


SAUNDERS"    BOOfCS   ON 


CCT  A  •  THE  NEW 

THE  BEST  /mUlCnCSill  STANDARD 

Illustrated   Dictionary 

Just  Issued— New  ^4th)  Edition 


The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine.  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  and  kindred  branches;  with  over  MOO  new  and 
elaborate  tables  and  many  handsome  illustrations.  By  W.  A.  Newman 
DoRLAND,  M.  D.,  Editor  of  "The  American  Pocket  Metiical  Diction- 
ary." Large  octavo,  nearly  840  pages,  bound  in  full  flexible  leather. 
Price,  $4.50  net;  with  thumb  index,  S5.00  net. 

WITH    2000    NEW  TERMS 

In  this  edition  the  bonk  has  been  subjected  to  a  thorouf^h  revision.  The 
author  has  also  adde<l  upward  nf  two  thousand  important  new  terms  (hat  have 
appeared  in  medical  literature  during  the  past  few  months. 

Howard  A.  Kelly.  M.  D.. 

Fr^'jifutr  (,/   ItynfCx'hgy,  Johns  Hopkins  UniversUy,  Baltimart. 
"  Ur.  Dorland'i  Dictton.iry  is  ndmirablc.     It  is  so  well  gottea  up  and  of  such  coarcnieDt 
site.     No  errors  have  been  found  in  my  use  of  it." 

Theobald's  Prevalent  Eye  Diseases 


PrevaLent  Diseases  of  the  Eye,  By  Samuel  Theobald,  M.  D.. 
Clinical  Professor  of  Ophlhalmolog>'  and  Otology,  Johns  Hopkins 
University.  Octavo  of  550pages.  with  219  text-cuts  and  several  colored 
plates.     Cloth,  S4.50  net ;  Half  Morocco.  56.0O  net. 

JUST  READY— rOR  THE  PRACTITIONER 

With  few  exceptions  all  the  works  on  diseases  of  the  eye,  although  written 
ostensibly  for  the  general  practitioner,  are  in  reality  adapted  only  to  the  specialist : 
but  Or  'rheohald  in  his  book  has  described  ver)'  clearly  and  m  detail  those  condi- 
tions, the  diayjnosis  and  ireaimeni  of  which  come  within  the  province  of  the  general 
praciitioner  The  therapeutic  sugjijestionj  are  concise,  unequivocal,  and  spccitic. 
It  is  the  one  work  on  the  Eye  written  particularly  for  the  general  practitioner 

Chftrlei  A.  Oliver.  M.D.. 

ChmtCiti  Pro/ftsor  of  Ophthsximoh^.   Woman  j  Medical  CoiUfjr  of  PfmHsyli'jmia. 

"  I  feel  1  can  conscientiously  recommend  it,  not  only  lo  itie  geneml  phstician  and  medical 
Student,  for  whom  it  is  prtmarlly  written,  but  also  to  the  expcrienceii  ophihalmologut.  Most 
lurely  Dr.  ThcobaUl  has  accompliiihed  his  purpose." 


Wells'  Chemical  Pakthology 

Chemical  Patholoj]:y.  Being  a  Discussion  of  General  Pathology 
from  the  Standpoint  of  the  Chemical  Processes  Involved.  By  H. 
Gideon  Wells,  Ph.D.,  M.D,,  Assistant  Professor  of  Patholog>'  in  the 
University  of  Chicago.  Octavo  of  549  pages.  Cloth,  ^3.25  net;  Half 
Morocco,  54.75  net. 

JUST   ISSUED 

Dr.  Wells  here  concisely  presents  the  latest  work  systematically  considering  Ihc 
subject  of  general  patholog)*  from  ihe  standpoint  of  the  chemical  processes 
involved.  It  is  written  for  the  physician,  for  ihiise  enjjaj^'ed  in  research  in  pathol* 
ojry  and  physiolo>;ic  chemistry,  and  for  the  medical  studenL  In  the  introductory 
chapter  are  discussed  the  rhcmistr\-  and  physics  of  the  animal  cell,  giving  the 
essential  farts  of  ioniz.ilion.  ditTusion,  (jsmotic  pressure,  etc.,  and  the  rclalion  of 
these  facts  to  cellular  activities.  Special  chapters  are  devoted  lo  Diab^Us  and  to 
t'rit-iwiii  Mitahoiism  nud  Gout. 

Wm.  H.  Welch*  M.  D.,  Pi  oftssor  of  Palholosy\  Johm  Napkins  Univ^nity, 

"  The  work  lilU  a  tvh\  nretl  tn  the  English  literature  of  «  very  important  subject,  and  I  sluUl 
be  gl  ul  to  recommend  it  10  my  stuflenift." 


American  Text-Book  of 
Eye.  Ear,  Nose,  and  Throat 

American  Text-Book  of  Diseases  of  the  Eye,  Ear,  Nose,  and 
Throat.  Hditcd  by  G.  H.  deSchweinitz,  M.D..  Professor  of  Ophthal- 
mology in  the  University  of  Pennsylvania  ;  and  B.  Alexander  Randall, 
M.  D.^  Clinical  Professor  of  Diseases  of  the  Ear  in  the  University  of 
Pennsylvania.  Imperial  octavo,  1251  pages,  with  766  illustrations,  59 
of  them  in  colors.    Cloth,  $7.00  net ;  Sheep  or  Half  Morocco,  $8.50  net. 

This  work  is  essentially  a  text-book  on  the  one  hand,  and,  on  the  other,  a 
volume  of  reference  to  which  the  practitioner  may  turn  and  find  a  series  of  articles 
wrinen  by  representative  authorities  on  the  subjects  portrayed  by  them.  There- 
fore, the  practical  side  of  the  question  has  been  brought  into  prominence.  Par- 
ticular emphasis  has  been  laid  on  the  most  approved  methods  of  treatment. 

Americwi  Jcumal  of  the  Medica)  Sciences 

"  Thr  rtirTrrrnt  articles  are  compl'-te.  forceM.  and.  if  one  may  be  permillecl  to  use  the  term, 
inappy.'  in  dcctdeil  contrast  to  some  of  the  labored  but  not  more  learned  de»crtptioni  which 
have  appeared  in  the  Urger  systems  of  ophthalmology," 
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SAUNDERS'    BOOKS   ON 


Brtihl,  Politzer,  and  Smith's 
Otology 


Attas  and  Epitome  of  Otology.  Hy  GusTAV  Bruhl.  M.  D.,  of 
Berlin,  with  the  collaboration  of  Professor  Dr.  A.  Politzer,  of 
Vienna.  Edited,  with  additions,  by  S.  MAcCt'EX  Smith,  M.D..  Pro- 
fessor of  Otology  in  the  Jefferson  Medical  College,  Philadelphia. 
With  244  colored  figures  on  39  lithographic  ])Iatcs.  99  text  illustra- 
tions, and  292  pages  of  text.  Cloth,  S3.00  net.  ///  Saunders*  Hand- 
Atlas  Serii'S. 

INCLUDING  ANATOMY  AND  PHYSIOLOGY 

The  work  is  both  didactic  and  clinical  in  its  teaching.  A  special  fenture  is 
the  very  complete  exposition  of  the  minute  anatomy  of  the  ear.  a  working  knowl- 
edge of  which  is  so  essential  to  an  inteUij^eni  conception  of  the  science  of  omlo^. 
The  association  of  iVofessor  Politzer  and  the  use  of  so  manv  valuable  specimens 
from  his  nniahly  rich  collection  especially  enhance  the  value  of  the  treatise.  The 
work  coniains  everything  of  importance  in  the  elementary  study  of  ololog)*. 

Clarence  J.  Bl&ke.  M.  D.. 

Profttiiar  of  O/oA'jfy  in  fiart',irJ  OHrvirsi/v  Medical  School.  Bos/om. 

"The  most  compkie  work  of  us  kind  :is  yet  publislied.  and  one  commending  iiwlf  lo  both 
the  stuiieni  and  ihe  t'j.iclier  m  the  i.h,ir.ict»*r  and  scpc  of  its  illustrations- 

Haab  and  deSchweinitz's 
Operative  Ophthalmology 

Atlas  and   Epitofne  of   Operative    Ophthalmology.       By  Dk.  O. 

Haab,  of  Zurich.  Edited,  with  additions,  by  G.  E.  DEScHWEiNrTZ» 
M.  D.,  Professor  of  Ophthalmology  in  the  University  of  Pennsylvania. 
With  30  colored  lithographic  plates,  154  text-cuts,  and  375  pages  of 
text,     /n  Saunders  Hand-Atlas  Scries.     Cloth.  $3.50  net 

RECENTLY   ISSUED 

Dr.  Haab's  Atlas  of  Operative  Ophthalmology  will  be  found  as  beautiful  and 
as  practical  as  his  two  former  aliases.  The  work  represents  the  author's  thirty 
years'  experience  in  eye  work,  llie  various  operative  interventions  arc  described 
with  all  the  precision  and  clearness  that  such  an  experience  brings.  Kccn^nizing 
the  fact  that  mere  verbal  descriptions  are  frequently  insulBcient  to  give  a  clear 
idea  of  operative  procedures,  Dr.  Haab  has  taken  particular  care  to  illustrate 
plainly  the  different   parts  of  the  operations. 

Johns  Hopkins  Hospital  Bulletin 

"  The  descriptions  of  the  various  opemtions  are  so  clear  and  full  th&t  the  volume  can  well 
hold  place  with  more  prticnlious  text-books.' 


\ 


Haab  and  DeSchweinitz's 
External  Diseases  of  the  Eye 


Atla5  and  Epitome  of  External  Diseases  of  the  Eye.     By  Dr.  O. 

Haab.  of  Zurich.  Kdited,  with  adtl.tion.s,  by  G.  K.  oeSchweinitz, 
M.  D.,  Professor  of  Ophthalmol ngy,  University'  of  Pennsylvania.  With 
98  colored  illustrations  on  48  litlio^^raphic  plates  and  232  pages  of 
text.     Ciolli.  53.00  net,     /n  SaufiJtrs'  Hand'Atlas  Strns. 

SECOND  REVISED   EDITION -RECENTLY   ISSUED 

Conditions  aiiending  diseases  of  the  external  eye.  which  arc  often  so  complicated, 
have  probably  never  hccn  more  clearly  and  comprehensively  cxpfiundcd  than  in 
the  forelying  work,  in  which  the  pictorial  most  happily  supplements  the  verbal 
description.     The  pnce  of  the  book  is  remarkably  low. 

The  Medicftl  Record.  New  York 

"The  work  is  cxccUintly  .suited   to  the  student  of  ophthalmology  aiid  to  the  practising 
physictan.     It  cannot  £Ul  fo  attain  a  well-deserved  popularity." 

Haab  and  DeSchweinitzV 
Ophthalmoscopy 


I 


Atlas  and   Epitome  of  Ophthalmoscopy   and  Ophthalmoscopic 

Diagnosis.  By  Dr.  O.  Haab,  of  Zurich.  Front  the  Third  Revised 
and  Enlarged  (icrman  Edition.  Mtlitetl,  with  ailditions,  by  G.  E. 
deSchweinitz.  M.  D.,  Professor  of  Ophthalmolo^'y,  University  of 
Pennsylvania.  With  152  colored  lithographic  illustrations  and  85 
pages  of  text.     Cloth,  5300  net.     ///  Sar/nders'  Hand- Atlas  Series, 

The  great  value  of  Prof.  Haabs  Atlas  of  Ophthalmoscopy  and  Ophthalmo- 
scopic Diagnosis  has  been  fully  established  and  entirety  justified  an  Kngli>lt 
translation.  Not  only  is  the  student  made  acquainted  with  carefully  prepared 
ophthalmoscopic  drawings  done  into  well-executed  Hthngniphs  of  the  most  im- 
portant fundus  changes,  but.  in  many  instances,  plates  of  the  micmscupic  lesions 
are  added.     The  whole  furnishes  a  manual  of  the  greatest  possible  service. 

Tb«  L«flcet.  London 

"We  rrcommc-nd  it  as  a  work  (bat  should  be  in  the  ophthalmic  wards  or  In  the  librmry  of 
every  hospital  into  which  ophthalmic  coses  are  received." 


s.tC'x/)£/;:s'  /iOOKs   ox 


Barnhill  and  Wales*  Otology 

A  Text-Book  of  Modern  Otology.  Ry  Jons  F.  Haknhill.  M.  D., 
Professor  of  Otolojjy,  laryngology,  and  Rliinology,  and  Kar\e.st  deW. 
Wales.  M.  D.,  Associate  Professor  of  Otology,  Laryngologv*,  and 
Rhinology,  State  College  of  Physicians  and  Surgeons,  Indianaf>olis. 
Octavo  of  6cx)  pages,  with  300  original  illustrations. 

JUST  READY 

The  authors,  in  writing  this  work,  kept  ever  in  mind  ihe  needs  of  the  physician 
engaged  in  general  practice.  It  represents  the  results  of  personal  experience  as 
practitioners  and  teachers,  intUicnced  by  the  instruction  given  by  such  authorities 
as  Sheppard,  Dundas  frrant,  Percy  Jakins,  Jansen.  and  Alt.  Much  space  is  de- 
voted to  prophylaxis,  diagnosis,  and  treatment,  both  medical  and  surgical.  Great 
pains  have  been  taken  with  the  illustrations,  in  order  to  have  them  as  practical  and 
as  helpful  as  possible,  and  at  the  same  lime  highly  artistic.  A  large  number  rep- 
resent the  Ijest  work  of  Mr.  H.  V.  Aiken. 

Grunwald  and  Grayson  on   Larynx 

1 

Atlas   and    Epitome  of    Diseases    of    the    Larynx.     By    Dk.    L. 

Grl^nwai  i\  of  .Munich.  Kditcd,  with  additions,  by  Ciiakles  P.  Gkav- 
SON,  M.  D.,  Clinical  Professor  of  I^r>'ngology  and  Rhinolog)-,  Univer- 
sity of  Pennsylvania.  With  107  colored  figures  on  44  plates,  25  text- 
cuts,  and  103  pages  of  te.\t.  Cloth.  §2.50  net.  /;/  SntnuhW  Hattd-Atlas 
Serks, 

BritUh  Medical  Journal 

■  K?(ceU  evtrytUmij  \sc  hjive  hitherto  «e«n  In  the  way  of  colored  [llustralions  of  diseases  of  tlic 
larynx.    .    .    .     Nijt  nnly  vnhiabte  for  ihe  teaching  of  Inrvniroiogy.  it  will  prove  of  the  q,X^Xi 
help  10  those  who  are  perfecting  themselvt;^  by  private  stiidv." 


Saxe's  Urinalysis 


Examination  of  the  Urine.  By  G.  A.  De  Santos  Saxe.  M.D., 
Pathologist  to  Columbus  Hospital,  New  York  City.  i2mo  of  391 
pages,  fully  illustrated.     Flexible  leather,  $1.50  net. 

RECENTLY  ISSUED 


This  work  is  intended  as  an  aid  in  diagnosis,  by  interpreting  the  chnicAl 
significance  of  the  chemic  and   microscopic    urinary   findings. 

Francis  Carter  Wood.   M.  D., 

Adjunct  professiir  ,>/  C/iititit/  Pathohjpy,  Coimmhia   Umivtrnty, 

"It  seems  to  mc  to  be  one  of  the  best  of  the  smaller  works  on  this  subject ;  it  Is  indeed,  better 
than  a  good  many  of  the  larger  ones." 


r 


Cradle's 
Nose,  Pharynx,  and  Ear 

Diseases  of  the  Nose,  Pharynx,  and  Ear.  Hy  Hknrv  Gradle, 
M.  D..  Professor  of  Ophthalmology  and  Otolog\%  Northwestern  Uni- 
versity Medical  School,  Chicago.  Handsome  octavo  of  547  pages, 
illustrated,  including  two  full-page  plates  in  colors.     Cloth,  ^3.50  net 

INCLUDING  TOPOGRAPHIC  ANATOMY 

This  volume  presents  diseases  of  the  Nose,  Phar\nx,  and  Ear  as  the  author 
has  seen  them  during  an  experience  of  ncariy  twenty-five  years.  In  it  are 
answered  in  detail  those  questions  regarding'  the  course  and  outcome  of  diseases 
which  cause  the  less  experienced  obsen'er  the  most  anxiety  in  an  individual  case 
Topographic  anatomy  has  been  accorded  libera]  space. 

PauujrlvanU  MmHciJ  Jotnmal 

"This  :^  the  moat  practical  volume  on  the  nose,  pharynx,  and  car  that  has  appeared 
recently.  ...  It  is  exactly  what  the  Irss  experienced  observer  needs,  as  it  avoids  the  confusioa 
incident  to  a  categorical  statement  of  everybody's  opinion." 

Kyle's 
Diseases  of  Nose  ani)  Throat 


Diseases  of  the  Noae  and  Throat.  By  D.  Braden  Kvle,  M.  D, 
Professor  of  laryngology  in  the  Jefferson  Medical  College,  Pliila- 
delphta;  Consultin^^  Laryngalogist,  Rhinologist.  and  Otologist.  SL 
Agnes'  Hospital.  Octavo,  669  pages;  over  184  illustrations,  and  26 
lithographic  plates   in  colors.     Cloth,  J54.OO  net. 

JUST  ISSUED— THE  NEW  (4tii)  EDITION 

Four  targe  edidons  of  this  excelltinl  work  fuUy  testify  to  its  practical 
value.  In  this  edition  the  author  has  revised  the  text  thoroughly,  bringing 
it  absolutely  down  to  dale.  With  the  practical  purpose  of  the  book  in  mind,  ex- 
tended consideration  has  been  jiriven  to  treatment,  each  disease  being  considered  id 
full,  and  definite  courses  1>eing  laid  down  to  meet  special  conditions  and  symptoms. 

Dudley  S.  Reynolds,  M.  D.. 

t'ormtrly  I'rcfcsior  of  Opktkalmology  and  Ot^hgy^  Hospital  CotUft  cf  MtdUimt^  LamuttiUa^ 
"  It  IS  an  important  addilion  to  the  teKt-books  now  in  use.  and  fa  brtter  adapted  to  the  lucs 
of  the  student  than  any  other  work  wiih  which  1  am  ianiiliar.     I  shalt  be  pleased  to  commcBd 
Dr.  Kylc'i  work  u  the  best  icxt-book." 


to 


SAIWDEI^S  BOOKS  O!^ 


Greene  and  Brooks' 
Genito-Urinary  Diseases 


A  Text-Book  of  Oenlto-Urinary  Diseases.  lU-  Rorkrt  H,  Greeve. 
M.  D..  Profcbsor  of"  Genito-Uriiian'  Surgery  at  I'ordhnm  University; 
and  Hakixjw  Brooks,  M.  D.,  Assistant  rrofessor  of  Pathology,  Univer- 
sity and  Bellevuc  Hospital  Medical  School.  Octavo  of  550  pages, 
profusely  illustrated. 

JUST  READY 

This  new  work  covers  completely  the  subject  of  genito-urinary  diseases,  pre- 
senting A/jM  the  mt'tiical  ami  sifrj{i,'ti/  .utim.  It  has  been  designed  as  a  work  of 
quick  relerence,  and  has  therefore  been  written  in  a  clear,  condensed  style,  sn 
that  the  inforinAtion  can  be  reatiily  grasped  and  retained.  Kuinfv  i/is/asis  are 
very  cIal>orately  d*rtailetl,  and  especially  well  presented  is  surjjer)'  of  the  kidney. 
'I*hc  text  is  pnifiisely  illustrated  with  (^rij^inal  line-draw inys. 

Gleason  on  Nose,  Throat, 


and  Ear 


A  Manual   of  Diseases   of   the   Nose,  Throat,  and    Har.     Ky  K. 

Baldwin  Gleason,  M.  D.,  LL.  L>.,  Clinical  Professor  of  Otolo^'. 
Medico-Chtnirirical  ColIe<jc,  Philadelphia,  umo  of  556  pages,  pro- 
fusely illustrated.      Flexible  leather,  S2.5O  net. 

JUST   ISSUED 

Anatomy,  physiology,  and  pathology  of  the  upper  respirator)'  tract  and  ear 
have  l>een  carefully  presented,  the  author  rightly  Iwlieving  such  knowledge  essen- 
tial to  the  eJficacifHis  treatment  nf  diseases  of  these  organs.  Methods  of  treat* 
ment  have  been  simplified  as  much  as  possible.  &o  that  in  most  instances  only 
those  methods,  drujjs.  and  operations  have  been  advised  which  have  proved 
essential.     A  valuable  feature  ( onsisis  of  the  collection  of  fnrmulas. 


American  Text-Book  of  Genito-Urinary  Diseases,  Syphilis,  and 
Diseases  of    the   Skin.     Indited    by    L.    Bolton  Banos.   M.  I)..   Kite 

Professor  of  Gcnito-Uiinary  Surgery,  Univcrsit)^  and  Bellevuc  Hospital 
Medical  College,  \ew  York;  and  W.  A.  Harixawav,  M.  D..  Professor 
of  Diseases  of  the  Skin,  Missouri  Medical  College.  Octavo,  1229 
pages,  300  engravings,  20  colored  plates.     Cloth,  ^7.00  net 


DISEASES  OF   THE  SKIN.  ii 


Mracek  anb  Stelwa^on's 
Diseases  of  the  Skin 

Atlas  and  Epitaine  of  Diseases  of  the  Skin.  By  Prof.  Dr.  Franz 
Mrackk,  of  Vienna.  KtJilcd,  witli  addiltons,  by  Henrv  VV.  StklwagoNp 
M.  D..  Professor  of  Dermatolof^y  in  the  Jcfft-Tson  Medical  College, 
Philadelphia.  With  jj  colored  plates,  50  half-tone  illustrations  and 
280  pages  of  text     ///  Saunders'  Hand-Atlas  Series.  Clo.,  S4.00  net. 

REC&NTLY   ISSUED- NEW  iSnd)  EDITION 

This  volume,  the  outcome  of  years  of  srientific  and  atlislic  work,  contains, 
toother  with  colored  plates  of  unusual  beauty,  numerous  illustrations  in  black, 
and  a  text  comprehending  the  entire  Tield  of  dermatology.  The  illustrations  are 
all  original  and  prepared  from  actual  cases  in  Mracek's  clinic,  and  the  execution 
of  the  plates  is  superior  to  that  of  any,  even  the  most  expensive,  dcrmatologic 
atlas  hitherto  published. 

AmaHcAn  Joum&l  of  the  Medical  Sciences 

'  llic  aclvantapc5  which  \v«*  >ci'  m  ihis  !»<>.. k  imil  which  recommend  it  to  our  inind»  are: 
First,  its  handiness;  secondly,  the  plate*,  which  arc  excellent  as  regards  drawing,  color,  and  the 
dta^ustic  point!  which  they  brin^  out." 

Mracek  and  Bangs' 
Syphilis  and  Venereal 

Atlas    and    Epitome   of    Syphilis    and    the    Venereal    Diseases. 

By  Prof.  Dk.  P'kan/  Mkackk,  of  Vienna  Kditcd,  with  additions,  by 
L.  Bolton  Basgs,  M.  I).,  late  Prof,  of  Genito-Urinar>'  Surgery,  Univer- 
sity and  Bellevue  Hospital  Medical  College,  New  York.  With  71 
colored  plates  and  122  pages  of  text.  Cloth,  S3.50  net.  In  Saundirs* 
Hand-Adas  Seru-s. 

CONTAINING   71   COLORED   PLATES 

According  to  the  unanimous  opinion  of  numerous  authorities,  to  whom  the 
original  illustrations  of  this  book  were  presented,  they  surpass  in  beauty  anything 
of  the  kind  that  has  been   produced  in  this  Aeld,   not  only  in  Germany,  but 

ihrouphout  the   literature  of  the  world. 

Robert  L.  Dickmion,  M.  D., 

Ar$  Editor  of  "  Tkt  Aiuruan  Tfxt-ii^'ok  0/  OhMricJ," 
'*  The  book  (hat  appeal*  instantly  to  me  for  the  strikingly  successful,  valuable,  and  graphic 
character  of  its  it1iutmtion»  is  the  '  Atlt»  of  Syphilis  and  the  Venereal  Diseases.'     I  know  of 
oeihing  in  this  country  that  can  compare  with  it." 
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SAUiXDERS*  BOOKS  ON 


Holland's  Medical 
Chemistry  and  Toxicology 

A  Text-Book  of  Medical  Chemistry  and  Toxicology.  By  James 
W.  Holland,  M.  D.,  Professor  of  Medical  Chemistry  .tnd  Toxicology-, 
and  Dean,  Jcfterson  Medical  College,  Philadelphia.  Octavo  of  592 
pages,  fully  illustrated.     Cloth,  $3.00  net. 

RECENTLY   ISSUED 

Pr.  Holland's  work  is  an  entirely  new  one.  and  is  base4  on  his  ihirty-five 
years'  practical  experience  in  teachin;;^  chemistr)'  and  medicine.  Recogniiing 
that  to  understand  physiolnKic  chemistry,  students  must  first  be  informed  upon 
points  not  referred  to  in  most  medical  text-books,  the  author  has  included  in  his 
work  the  latest  views  of  equilibrium  of  equations,  mass  action,  cryoscopy,  os- 
motic pressure,  dissociation  of  salts  into  ions,  effects  of  ionization  upon  electric 
conductivity,  and  the  relationship  between  purin  bodies,  uric  acid,  and  urea. 
More  space  is  given  to  toxicology  than  in  any   other  text-book  on  chemistT)-. 

AmericAn  Medicine 

'■  lis  liitatrmrnts  .irt*  denr  and  terse;  its  illustrations  well  chovn ;  its  development  logical, 
systvin-itic.  :ind  comparatively  easy  to  follow.  .  .  .  We  hfrartity  commend  the  work." 


Grunwald  and  Newcomb*s 


Mouth»  Pharynx,  and  Nose  1 

Atla5  and    Epitome  of  Diseases   of  the  Mouth,  Pharynx,  and        | 
Nose.     By  Dk,  L.  Grunwald,  of  Munich,     from  (he  Strom/  Rei'ised 
and  Enlarged  German  Edition.     Edited,  with  additions,  by  James   K 


Newcomb.  M.  D..  Instructor  in  Laryngology,  Cornell  Universit>'  Medical 
School.  With  102  illustrations  on  42  colored  lithographic  plates.  41 
text-cuts,  and  219  pages  of  text  Cloth,  ^3.00  net.  In  Saunders" 
Hand-Atlas  Scries. 


INCLUDING  ANATOMY  AND  PHYSIOLOGY 


In  designin^r  this  atlas  the  needs  of  bath  student  and  practitioner  were  kept 
constantly  in  mind,  and  as  far  as  possible  typical  cases  of  the  various  di&eascs 
were  selected.  The  illustrations  are  described  in  the  text  in  exactly  the  same  way 
as  a  practised  examiner  would  demonstrate  the  objcrtivc  findmgs  to  his  class. 
TTic  illustrations  themseUes  are  numerous  and  exccedintjly  well  executed.  ITie 
editor  has  incorporated  his  own  valuable  experience,  and  has  also  mchided  exten- 
sive notes  on  the  use  of  the  active  principle  of  the  suprarenal  bodies. 

American  Medicine 

lis  cono-^enr^^  without  sncrilii-c  of  cle.tmcss  and  thoroughness,  as  well  as  the  excetlcace 
of  text  and  illusvralions,  are  commttvAaXAt." 
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Jackson  on  the  Eye 

A  Manual  of  the  Diajcnosis  and  Treatment  of  Diseases  of  the  Eye. 

By  Edwakh  Jackson,  A.M..  M.D..  Professor  of  Ophthalmolo^^y,  Uni- 
versity of  Colorado.  1 2mo  volume  of  615  pages,  with  184  beautiful 
illustrations.     Cloth,  J2.50  net 

JUST  ISSUED-NEW  (2d)  EDITION 

The  Mescal  Record.  New  York 

■  It  !•»  trulv  an  iidiiiiraliU-  work.  .  .  .  Wridcn  in  a  ctcar.  concisr  manner,  it  bean  evidence 
of  the  aiuhor's  comprehensivr  (;ntfp  of  the  »ub)eci.  The  term  *  multum  in  pano '  is  nn  appro- 
priate one  to  apply  to  ihi^  work." 


Grant  on  the 
Face,  Mouth,  and  Jaws 

A  Text-Book  of  the  Surgical  Principles  and  Surgical  Diseases  of 
the  Face,  Mouth,  and  Jaws.  For  Dental  Students.  By  H.  Horace 
Grant.  A.  M.,  M.  D.,  Professor  of  Surgerx*  and  of  Clinical  Surgery, 
Hospital  College  of  Medicine,  Louisville.  Octavo  of  231  pages,  with 
68  illustrations.     Cloth,  ;S2*50  net. 

AimaU  of  Surgery 

•'  The  book  IS  wcU  illustniicd,  tlic  text  is  clear,  a,nd  on  the  whole  it  serve*  well  for  the 
purpose  for  which  it  is  intended." 

Friedrich  and  Curtis' 
Nose,  Larynx,  and  Ear 

Rhinology,  Laryngology,  and  Otology,  and  TheJr  Significance  In 
Oeneral  Medicine.  By  Dr.  E.  P.  Friedrich,  of  Lcip/Jg.  Edited  by 
H.  HoLiiKooK  Curtis.  M.  D.,  Consulting  Surgeon  to  the  New  York 
Nose  and  Throat  Hospital.  Octavo  volume  of  350  pages.  Cloth, 
^2.50  net. 

Bofton  Medical  and  Surgical  Journal 

"  This  task  he  has  pcrlurracil  jMniirably.and  has  given  Insth  to  the  general  practitioner  and 
to  the  specialiil  a  book  for  colliiteral  referrnce  which  b  modem,  clear,  and  coniplele." 


SAUNDERS'    BOOKS   ON 


Ogden  on  the  Urine 


Clinical  Examination  of  Urine  and  Urinary  Diagnosis.  A  Clinical 
Guide  for  the  Use  of  Practitioners  and  Students  of  Medicine  and  Sur- 
ger\'.  By  J.  Bekgen  Ofii>KN,  M.  D.,  I^tc  Instructor  in  Clicmistrx'. 
Harvard  University  Medical  School ;  Formerly  Assistant  in  Clinical 
Pathology,  Boston  City  Hospital.  Octavo.  418  pages,  54  illustrations, 
and  a  number  of  colored  plates.      Cloth,  S3.00  net. 

SECOND  REVISED  EDITION— RECENTLY  ISSUED 

In  this  edition  the  work  has  been  brought  absolutely  down  to  the  present  day. 
Important  changes  have  l>cen  made  in  connection  with  the  determination  of  L'rea. 
Uric  Acid,  and  Total  Nilrnj»en  ;  and  the  subjects  of  Cr\oscopy  and  Reta-Oxy butyric 
Acid  have  been  given  a  place.  Special  attention  has  been  paid  to  diagnosis  by 
the  character  of  the  urine,  the  diagnosis  of  diseases  of  the  kidneys  and  urinary 
passa>;cs  ;  an  enumeration  of  the  prominent  clinical  symptoms  of  each  disease; 
and  the  peculiarities  of  the  unne  in  certain  general  diseases. 

The  Lancet.  London 

"  We  cnn^idcr  this  manual  to  have  been  well  compile;  And  the  nulhor's  own  experience, 
so  clearlv  st.itcd.  renders  the  volume  ^i  useful  one  both  for  study  and  reference." 


Vecki's  Sexual  Impotence 


The  Patholojry  and  Treatment  of  Sexual  Impotence.  By  Victor 
G.  V'liCKi.  M,  D.  From  the  Second  Revised  and  Knlargcd  German 
Edition.      i2nio  volume  of  329  pages.     Cloth,  $2.00  net. 

THIRD   EDITION.  REVISED  AND   ENLARGED 

The  subject  of  impotence  has  but  seldom  been  treated  in  this  country  in  the 
truly  scientific  spirit  that  its  pre-eminent  importance  deserves,  and  this  volume  will 
come  to  many  as  a  revelation  of  the  possibilities  of  therapeutics  in  this  important 
field.  The  reading  part  of  the  Knglish-speaking  medical  profession  has  passed 
judj;ment  on  this  monoj^raph.  The  whole  subject  of  s-cxual  impotence  and  its 
treatment  is  discussed  by  the  author  in  an  exhaustive  and  thortjughly  scientific 
manner.  In  this  edition  the  book  has  been  thoroughly  revised,  and  new  matter 
ha.s  hern  added,  especially  to  the  portion  dealing  with  treatment. 

Johns  Hopkim  Hospital  Bulletin 

'■  A  scientific  treatise  upon  nn  important  and  much  neglecird  subject,  .  ,  .     The  treatment 
of  impotence  in  general  and  of  !>exual  neurasthenia  is  discriminfliing  and  judicious." 


•ican  Pocket  Dictionary  ^"*^  """"^TJ^^VuI^ 

1  HK  American  IVjcket  Mi:nicAL  DrcTioNARY.  Edited  byW.  A. 
Nkwman  Duf<lasd,  iM.D.,  Assistant  Obstetrician  to  the  Hospital 
of  tlie  University  of  Pennsylvania.  Containing'  the  pronunciation 
and  definition  of  the  principal  words  used  in  medicine  and  kindred 
sciences.  Flexible  leather,  with  gold  ed*jes,  $i.oo  net;  with  ihunib 
index,  ^1.25  net. 
Junes  W.  HolUnd,  M.  D., 

/'ro/rjwr  ,^f  .Xff.fuaJ  Chemistry  ^td  T»xicoi&gy,  amd  Deam ,  Jffferson  Mtdual  CoU^t^ 
t'kiUuUifhta, 

"  I  am  struck  at  once  with  odminition  at  the  compact  siie  and  attractive  exterior.  I 
cm  rrcomnirmi  ii  to  our  stmli'nts  without  n-^rrve." 

Stelwagon's  Essentials  of  Skin  *'1^^7i^1Ji^°" 

Essentials  of  Diseases  of  the  Skin.  By  Henrv  \V.  Stel- 
WAGON,  M.  D.,  Ph.D.,  Professor  of  Dermatology  in  the  Jefler- 
son  Medical  Colleijc,  Philadelphia.  Post-octavo  of  276  pages, 
with  72  text-illustrations  and  $  plates.  Cloth,  ^l.oo  net.  /h 
SaunJers'  QMCstion-Comptnd  SiritS. 
The  Mechcftl  News 

"  In  lirir  with  our  present  knowlrdt^c  of  diseases  of  the  &kin.  .  .  .  rnntinur^  in  mam- 
tiiin  the  high  ^tamlnnl  of  cuctrllence  for  which  these queitinn  cniprniisliavf  l.rr'>  iini.  il." 

Wolffs  Medical  Chemistry  ^'^"^"k^SS^ 

lvs>KNTIAI_S   OF    MeOICAI.    ChEMISTRY.  OrGANIC  AND    INORGANIC 

Containing  also  Questions  on  Medical  Ph\sics.  Chemical  Physiol- 
ogy, Analytical  Processes.  Urinalysis,  and  Toxicology.  By  Law- 
rence WoLFF^  M.  D.,  I^ate  Demonstrator  of  Chcniistr>".  Jefferson 
Medical  College  Revised  by  Smith  Ely  Jei xiFFE.  M.  D.,  Ph.D., 
Professor  of  Pharmacognosy,  College  of  Pharmacy  of  the  City  of 
New  York.  Post-octavo  of  222  pages.  Cloth,  ^i.oo  net.  In 
Sauftiit'rs*  Qutstion-Compend  Series, 

Martin's  Minor  Surgery,  Bandaging,  and  the  Venereal 

Diseases  second  Edition.  Revised 

Es>ENTIALS    OF     MiNOR    SlKOERY,     BaNDAGINO.    AND    VENEREAL 

Diseases.  By  Edward  Martin.  A.  M.,  M.  D..  Professor  of  Clin- 
ical Surger>',  University  of  Pennsylvania,  etc.  Post-octavo,  166 
pages,  with  ^^  illustrations.  Cloth,  $\.QO  net.  ///  Saunder^ 
QutstioH- Compcnd  Str'us. 

Senn's  Genito-Urinary  Tuberculosis 

TuuKRct  u»sis  OK  riiE  (ii:\rri>-URiNARv  Org.ws.  Male  and 
Female.  By  N.  Sexn.  M.  D..  Pli.  D  .  LL.  D..  Professor  of  Surgery 
in    Rush    Medical   College.      Octavo   of   317   pages,   illu.stratcd. 

Cloth.  S3.00  net. 
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I6  URINE,  EYE,  EAR,  NOSE,  AND    THROAT. 

Wolfs  Examination  of  Urine 

A  Laboratory  Handbook  of  Physiologic  Chemistry  and 
Urine-examination.  By  Charles  G.  L.  Wolf,  M.  D.,  Instructor  in 
Physiologic  Chemistry,  Cornell  University  Medical  College,  New 
York.  i2mo  volume  of  204  pages,  fully  illustrated.  Cloth,  ^1.25  net 
British  Medical  Journal 

"  The  methods  of  examining  the  urine  are  very  fully  described,  and  there  are  at  the 
end  of  the  book  some  extensive  tables  drawn  up  to  assist  in  urinary  diagnosis." 

Jackson's  Essentials  of  Eye  Third  Revis«i  cditioii 

Essentials  of  Refraction  and  of  Diseases  of  the  Eye.  By 
Edward  Jackson,  A.  M.,  M.  D.,  Emeritus  Professor  of  Diseases  of 
the  Eye,  Philadelphia  Polyclinic.  Post-octavo  of  261  pages,  82  illus- 
trations. Cloth,  $1.00  net.  In  Saunders'  Question- Compend  Series, 
Johns  Hopkins  Hospital  Bulletin 

"  The  entire  ground  is  covered,  and  the  points  that  most  need  careful  elucidation 
are  made  qlear  and  easy." 

Gleason's  Nose  and  Throat  third  edition.  Revised 

Essentials  of  Diseases  of  the  Nose  and  Throat.  By  E.  B. 
Gleason,  S.  B.,  M.  D.,  Clinical  Professor  of  Otology,  Medico- 
Chirurgical  College.  Philadelphia,  etc.  Post-octavo,  241  pages,  1 12 
illustrations.  Cloth,  $1.00  net.  ///  Saunders'  Question  Compends, 
The  Lancet  London 

"  The  careful  description  which  is  given  of  the  various  procedures  would  be  sufficient 
to  enable  most  people  of  average  intelligence  and  of  slight  anatomical  knowledge  to 
make  a  very  good  attempt  at  laryngoscopy." 

Gleason's  Diseases  of  the  Ear  TUrd  Edition.  Revised 

Essentials  of  Diseases  of  the  Ear.     By  E.  B.  Gleason,  S.  B., 
M.  D.,  Clinical  Professor  of  Otology,  Medico-Chirurgical  College, 
Phila.,  etc.     Post-octavo  volume  of  214  pages,  with   114  illustra- 
tions.    Cloth,  ^i.OO  net.     In  Saunders'  Question- Compend  Series, 
Bristol  Medico-Chiruri^al  Journal 

"We  know  of  no  other  small  work  on  ear  diseases  to  compare  with  this,  either  in 
freshness  of  style  or  completeness  of  information." 

Wilcox  on  Genito-Urinary  and  Venereal  Diseases  "^j;;^^ 

Essentials  of  Gexito-Urinarv  and  Venereal  Diseases.  By 
Starling  S.  Wilcox.  M.  D..  Professor  of  Genito-Urinar>'  Diseases 
and  Syphilology,  Starling  Medical  College.  Columbus,  Ohio.  1 3mo 
of  313  page-s,  illustrated.    Cloth,  Si.oo  net.     Saunders'  Compcnds, 

Stevenson's  Photoscopy  J«»t  Ready 

Photoscopv.  (Skiascopy  or  Retinoscopy)  By  Mark  I).  Stev- 
enson, M.  D.,  Ophthalmic  Surgeon  to  the  Akron  City  Hospital. 
l2mo  of  126  pages,  illustrated.  Cloth,  gi.25  net. 

Dr.  Stevenson's  work  fullv  and  clearly  explains  the  use  of  this  objective  test  and  eluci- 
dates the  reasons  of  the  various  phenomena  nbscn'ed.  The  illustrations  have  been  drawn 
with  special  attention  to  their  practical  usefulness. 
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